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ABSTRACT

This study investigated the determinants of investments in SAIPs including institutional
arrangements, the drivers of income diversification; evaluate the impacts of SAIPs use on
net farm income and examine the cost efficiency of smallholder farmers in the Ethiopian
Central Highlands. Qualitative data collected from 12 focus group discussions and 51 key
informants were used to investigate institutional arrangements. Data were collected from
385 farm households and 1465 plots to identify the determinants of choice decisions to
invest in SAIPs, and impacts of SAIPs on net farm income, to investigate the drives of
income diversification and examine cost efficiency of cereal producing farmers. Both
descriptive and inferential statistics were used to analyze the data. Institutional analysis
and development (IAD) framework was used for the analysis of institutional arrangements.
Multivariate probit model was used to examine the determinants of investments in SAIPs
and income diversification activities. Ordered probit and fractional response models were
used to investigate the determinants of intensity of investments in SAIPs and income
diversification activities, respectively. Multinomial endogeneous switching regression was
used for impact evaluation. One-step stochastic cost frontier and cost inefficiency model
were used to investigate the cost efficiency and its determinant factors. Result of
institutional analysis revealed that most of the agricultural policies and strategies are not
sufficiently concrete to facilitate investments in SAIPs. Three main types of institutional
arrangements were identified as critical for fostering integration to implement SAIPs,
namely normative, ideational and incentive. The result further revealed that these
arrangements were project-based and lack continuity, and influenced by frequent
organizational reforms and lack of exit strategies. Results of the multivariate probit model
reveal that that some SAIPs are complementary while others are substitutable, and the
factors had heterogeneous impacts on the choice decisions of farmers to invest in multiple
SAIPs. Results further reveal that variables such as crop income, livestock holding, access
to extension and credit services, income diversification, membership to agricultural
cooperatives and agricultural commercialization cluster (ACC) are important in
determining choice decisions and extent of investments in multiple SAIPs. SAIPs were
dominated by external inputs including inorganic fertilizers (84%), pesticides (69%)
inproved seeds (47%), and sustainable practices including drainage (56%) and soil
conservation (56%). Results of multivariate probit model of the drivers of income
diversification revealed the interdependence of choice decisions to participate in multiple
income sources. Income diversification was dominated by staple crops (93%) followed by
livestock (54%) and non-farm (23%) whereas diversification into other non-farm sources,
forest and off-farm consititute 18%, 12% and 7%, respectively. Results show that 67% of
farm households were engaged in more than one income generating activities. Multivariate
probit and fractional response model results reveal that age, education, livestock and land
holding, food shortage, investment in SAIPs, rainfall and maximum temperature, joint
household decision-making, ACC, income, and study sites significantly impacted the
choice and extent of income diversification. Results of the impact analysis indicate that use
of improved seeds, inorganic fertilizers and soil conservation combined yielded an average
net farm income of 8572 Birr/hectare, representing a 36% increase, but a lower gain
compared to other combinations such as improved seeds and inorganic fertilizers, and
inorganic fertilizers and soil conservation practices yielding an average net farm income
of 44889 Birr/ha and 40092 Birr/ha, representing a 188% and 142% increase,
respectively. Results of stochastic cost frontier reveal that cereal producing farmers can
reduce the production cost by 13% with the current state of technology without reducing

XViii



the current level of output. Results also show that combined cost of labor and oxen power
constituted the highest (44%) share of total production cost followed by cost of land
(38%). Results highlight that investment in a combination of manure, drainage and soil
conservation had a cost reduction effect on the cost frontier. Results of stochastic cost
frontier further reveal that sex, education, family size, cooperative membership, ACC, plot
distance, livestock, land security status, income diversification and access to credit
positively and significantly impacted cost efficiency of production. So, addressing
institutional factors, demographics, asset ownership, diversification activities and weather
conditions is indeed crucial for the effective and wider implementation of SAIPs, income
diversification and cost efficiency improvement. Based on the findings of this study, it can
be recommended that complementarity between agricultural practices and diversification
activities, and factors that positively determine investments in sustainable practices and
participation in income diversification should be taken into consideration in agricultural
policies. This can also be done by developing concrete policies, formulate clear,
actionable and specific strategies, and promote long-term institutional arrangements to
ensure continuity and sustained production and impact.

Keywords: Institutional analysis, Multivariate provit model, Stochastic frontier model,
Ordered probit model, Fractional response model, Sustainable practices, income

diversification, net farm income, cost efficiency, Ethiopian central highlands.
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1. INTRODUCTION

1.1. Background of the Study

In most sub-Saharan Africa (SSA) countries, agriculture is a vital economic sector. It
contributes about 25% of gross domestic product (GDP), accounts for 60% of all jobs, and
provides about 80% of the food in SSA (Djido and Bekele, 2018; Modi, 2019; Louhichi et
al., 2020). In Ethiopia, agriculture constitutes 33% of GDP, contributes 25% to average
real GDP growth, generates 82% of export earnings, and absorbs more than 66% of the
labor force (EEA, 2021). It also provides an incentive to reduce poverty and improve food
security and livelihoods, yet yields are low (2.9 t/ha for cereals compared to a global
average of 4 t/ha) and food insecurity affects more than 16.7% of the population (CSA,
2021; FAO et al., 2021; Mare et al., 2022). Low crop productivity and poverty are mainly
due to land degradation, soil nutrient depletion, and climate change and low investments in
sustainable agricultural intensification practices (SAIPs) among others (Smith et al., 2017;
Zerihun et al., 2018; Horner and Wollni, 2021).

In recent decades, growth in agricultural production and productivity is achieved by area
expansion (extensification) and intensification (Bekele et al., 2017; Liao and Brown,
2018). The choice between extensification and intensification approaches depends on the
existing economic incentives and resource endowments (Moti et al., 2016). They are also
less feasible due to the scarcity of land (for the first approach) and their undesirable effects
on land, biodiversity and the environment, outcome of the second approach (Bekele et al.,
2017; Mdee et al., 2018). Otherwise, there is a need to produce more food without adverse
environmental effects through sustainable agricultural intensification practices (SAIPS) to
ensuring food security and supporting rural livelihoods. SAIPs refer to to methods aimed at
increasing agricultural productivity on existing farmland while ensuring environmental

sustainability, economic viability, and social equity (Haggar et al., 2021).

Many of these production goals and multifunctionality of SAIPs are summarized in the
United Nation’s Sustainable Development Goals (SDGs) such as End hunger and achieve
food security (SDG2), and sustainable use of resources and ecosystem services (SDG7, 12,

13, 14). SAIPs pursues to increase crop and livestock yields and associated economic



returns per unit land and time without adverse impacts on land resources (soil, water and
vegetation) and other environmental services (Reddy et al., 2020). It is a form of
production where yields are increased without a negative impact on environment and
without area expansion (Menale et al., 2015). SAIPs assumes a systems approach that
makes the best of crop technologies and their agronomic and land management practices,
and agroecological niches (Pretty et al., 2011; Cafer and Qin, 2017; Mwalupaso et al.,
2019; Reddy et al., 2020). In other words, SAIPs do not have any immovable farming
method, and it is complex and diverse, and often contested (Vanlauwe et al., 2015;
Hailemariam et al., 2017; Ali et al., 2020).

SAIPs can be complementary and have synergistic effects; if used in combination, they
may yield a positive impact on yields, resource base, ecosystem and resilience to shocks
than would be in isolation (Bekele et al., 2017; Liao and Brown, 2018; Vanlauwe et al.,
2019). Therefore, in response to the challenges faced agriculture highlighted above, key
intervention promoted by governments and development partners (international and/ or
national), is SAIPs (Vanlauwe et al., 2019; Ali et al., 2020). Previous studies have
documented the importance of SAIPs in increasing yields, food security, sustain farming,
conserve resources and maintain the environment in Sub-Saharan Africa including
Ethiopia (Hailemariam et al., 2013, Menale et al., 2015; Moti et al., 2016; Mutyasira et al.,
2018; Makate et al., 2019; Ali et al., 2020).

Recognizing these multiple benefits of SAIPs, several efforts have been made by the
government of Ethiopia (through its research and extension institutions) and development
partners to develop and disseminate SAIPs (Pretty et al., 2011; Zerihun et al., 2018; Ali et
al., 2020). However, despite all the efforts made and its important roles, investment level
and implementation of SAIPs remains low (15%), leading to low uptake of SAIPs (Menale
et al., 2015). The low level of investments and uptake of SAIPs is mostly attributed to
several interlinked factors including institutional factors, human and farm characteristics,
and economic incentives (Zenebe et al., 2015; Fadeyi et al., 2022), and this necessitates the
investigation of inclusive and emerging factors. These include institutional arrangements
for policy implementation, household socioeconomic and farm characteristics, climate
factors, diversification activities, and economic incentives such as farm incomes and cost

efficiencies.



The new institutional economics (NIE) recognizes the importance of institutions and their
arrangements in a wide range of policy fields, including agriculture (Ostrom, 2011;
Robinson et al., 2023). As in any policy field, SAIPs processes strongly depend on the
institutional arrangements (Hassenforder and Barone, 2018). Institutions are the wider set
of rules, norms and agreements that govern human interactions (Sauerland, 2015), which
are needed to make policies and rules effective (Ostrom, 2005). Institutional arrangements
are the different regimes and coalitions for group actions and inter- or intra-agent
coordination (Sauerland, 2015), which may affect farmers’ decisions to invest in SAIPs.
Institutional arrangements established to coordinate activities and polices, and they can be
either formal (laws and written rules) or informal (beliefs, norms, values and ideas) (Lupke
et al., 2023; Robinson et al., 2023). Because of the complex nature of SAIPs, its
development, promotion, and policy implementation require integration of various
stakeholders and actors at a local and national level (Struik et al., 2014; Stadler, 2017).
Thus, knowledge on key institutional arrangements (both formal and informal) is vital for
changes in agricultural institutions, effective policy implementation and wider
dissemination of SAIPs (Struik et al., 2014).

Farmers do not invest in SAIPs not because of their risk-averse (laggard) nature but mainly
due to their socioeconomic circumstances, institutional factors and technological attributes
(Chikozho, 2005; Fadeyi et al., 2022). Farm households differ in their access to social
infrastructures and institutions, resource endowments, income diversification options, and
face with climate factors, which may affect their decisions to make investments in
technologies. Farm plots also have different features, which influence farmer’s decision to
invest in technologies (Menale et al., 2015; Fadeyi et al., 2022). Climate factors (rainfall
and temperature) and emerging issues like clustering of farms can also affect investments
in agricultural practices (Ochieng et al., 2016; Hailemariam et al., 2017). Income
diversification offers an important source of income to reinvest in agricultural inputs and
conservation practices (Lee et al., 2006). Therefore, a better understanding of the
determinants of investments in SAIPs is important as a major constituent of agricultural
growth to design proper policy interventions, resulting in improved productivity, food

security and livelihoods for smallholder farm households.

As mentioned above, multifunctionality (economic, social, and environmental) of farming

may drive income diversification that links with investments in agricultural innovations



(Garcia-Arias et al., 2015; Misganaw et al., 2019). The linkage could either enhance
investment in SAIPs (source of finance) or constrain investment in SAIPs through drawing
of labor from SAIPs activities. Identifying income diversification as one of the drivers or
obstacles in farmers’ decisions to invest in SAIPs is a necessary condition but not a
sufficient condition. While income diversification is crucial, it alone does not fully explain
or ensure farmers’ investment choices. However, its importance is underscored by its role
in achieving the Sustainable Development Goals (SDGs), particularly in eliminating
poverty (Goal 1) and hunger (Goal 2) (United Nations, 2015; Weltin et al., 2017; Giller et
al., 2021). This necessitates the examination of the drivers of income diversification.
Understanding these drivers is crucial to adequately targeting potential income

diversification options that can both sustain small farms and ensure food security.

Similar to institutional arrangements and other drivers mentioned above, farmers' choice
decisions to invest in SAIPs is determined by technological attributes mainly economic
benefits and ease of technologies (SAIPs in our case) (Koppmair et al., 2017; Khonje et
al., 2018). Farmers often choose a combination of technologies that maximize economic
benefits (Manda et al., 2016). Investment in modern agricultural technologies is recognized
as a suitable strategy to improve production efficiency (be it technical, allocative or
cost/economic) (Arslan et al., 2017; Ali et al., 2020; Lampach et al., 2021; Shahbaz et al.,
2022). Efficiency measures offer insights into the competitiveness of farmers. To
encourage farmers to invest in bundle of SAIPs, more studies are needed to inform farmers
about the benefits of SAIPs in terms of farm income and cost/economic efficiency.
Understanding the impacts of investments in a combination of SAIPs on farm income (net
revenue, here) and cost efficiency of farm households is important for designing effective
policy programs to increase income and reduce resource wastage. Investments in SAIPs
can play a crucial role in addressing land degradation and improving productivity in the
central highland of Ethiopia. However, empirical evidence on their effectiveness and

socio-economic implications are limited. This study aims to bridge these research gaps.

1.2. Statement of the Problem

In Ethiopia, particularly in the central highland areas, the low productivity of grain crops

has been identified as a critical challenge to feeding the ever-increasing population while



reducing the adverse environmental impacts of farming. This low productivity of grain
crops is mainly due to land degradation, climate variability, and concomitant weak soil-
nutrient responses from the existing conventional intensification (Bekele et al., 2017
Agajie et al., 2018). Subsequently, the yields of grain crops (tef, maize, sorghum, wheat,
barley, and faba bean) on farmers’ fields still stand at less by twofold than research
managed plots (EIAR, 2016; MoA, 2017; CSA, 2018; CSA, 2019). The Montpellier Panel
(2013) and Temesgen et al. (2014) showed that about 2 and 3 percent of productivity and
GDP growth of agriculture (respectively) are lost annually in Ethiopia. A study by EEA
(2017) showed that the real agricultural GDP growth declined from 10 percent in 2006 to 2
percent in 2016. Sustainable intensification of smallholder agriculture in Ethiopia,
therefore, is increasingly put forth as a development pathway to bridge the yield gaps with
less environmental footprints (Pender et al.,, 2001; Menale et al., 2015; Mutyasira et
al., 2018).

Several SAIPs have been developed, verified, and validated for the Ethiopian highland
areas over three decades (Sseguya et al., 2017; Bourne et al., 2017). However, uptake of
SAIPs and investment levels remains low among smallholder farmers in these areas. The
low level of investments and uptake of SAIPs is mostly attributed to several interlinked
factors including institutional factors, farmers’ and farm characteristics, and economic
incentives (Zenebe et al., 2015; Fadeyi et al., 2022). Institutions facilitate or constrain
coordinated activities at different levels (Ostrom, 2011; Robinson et al., 2023). In Ethiopia,
empirical research that investigates the institutional arrangements for policy
implementation of SAIPs, stakeholders’ coordination is scanty. Exceptions are the study by
Zerihun et al. (2018) who examined the institutional arrangements for soil and water
conservation in northwestern Ethiopia. The outcome from this study drawn upon
institutional analysis and development framework (IAD) would definitely help policy
makers and program implementers for better planning, development, execution and

dissemination of SAIPs program in Ethiopia.

Similar to institutional arrangements for policy implementation, investments in a bundle of
SAIPs are influenced by farm households’ socio-economic characteristics, farm
characteristics, extent of rural income diversification, finance and extension services,
climate conditions and other emerging factors. Recent literature has brought these factors

to the centeral stage for adoption of agricultural technologies and the transformation of



agriculture (Aliet al., 2014; Diiro and Sam, 2015; Ochieng et al., 2016; Agajie et al.,
2018; Misganaw et al., 2019). Moreover, Mwangi and Kariuki (2015) calling for future
research to include a range of variables that have been commonly untreated in the adoption
literature (for instance, extent of income diversification and farm clustering). However,
limited empirical evidence is available on the level and determinants of investments in
multiple SAIPs by smallholder farm households in Ethiopia that guide policy planners and

program implementers to design supportive policies and promote SAIPs in a wider scale.

In sum, there is no study on investment levels and determinants of investments in SAIPs in
Ethiopia except few related studies (Hailemariam et al., 2013; Menale et al., 2015; Ali et
al., 2020; Marenya et al., 2020), but all of them focused on maize, because of project
interest while the reality is that farmers grow several crops which often compete for land,
capital, and labor. Investments in SAIPs include both short-term (purchased inputs such as
seeds, agrochemicals, water and labor) and long-term (soil and water conservation,
agroforestry, conservation agriculture, and among others) activities (Menale et al., 2015;
Ali et al., 2020). Long-term land management activities are not crop-specific investments,
rather at a plot level for all crops under production. Therefore, studies which ignore
competition in resource allocation among the different enterprises and common plot level
investments lead biased estimates, and lack to include emerging factors (income

diversification, and others).

Further, inclusion of income diversification as one of the drivers or obstacles of farmers’
choice decisions to invest in SAIPs is a necessary condition but not a sufficient condition.
Income diversification is also a key to achieving the SDGs, no poverty (Goal 1) and no
hunger (Goal 2) (United Nations, 2015; Weltin et al., 2017; Giller et al., 2021). Income
diversification can help to spread the risks and build resilience to agricultural uncertainties
(Devis et al., 2017; Solomon et al., 2019). To date, farm households in Ethiopia are
engaged in income diversification activities (Tasew and Oskam, 2001; Adugna, 2009;
Deuvis et al., 2017; Weltin et al., 2017). The choice decisions of participation and intensity
of income diversification by rural households depend on several interlinked factors. A few
studies identified factors influencing the decisions to diversify income sources in rural
Ethiopia (Yishak et al., 2014; Javed et al., 2015; Fassil and Elias, 2016; Geremew; 2017;
Algaga and Sisay, 2020; Memon et al., 2020). However, these studies are

methodologically flawed (used single equation models) that failed to consider choices of



ID strategies are interdependent and explanatory variables have heterogeneous effects on
the choice decisions to participate in different income diversifications. Andualem and
Umer (2023) identified the factors influencing the simultaneous adoptopn of multiple

livelihood diversifications in north Wollo, Ethiopia.

Farmers’ choice decisions to invest in multiple SAIPs are also determined by technological
attributes mainly economic benefits of practices (Koppmair et al., 2017; Khonje et al.,
2018). Farm households often struggle to obtain accurate information about the benefits
(yield, income, efficiency and food security) of new technologies and choose a
combination of technologies that maximize economic benefits (Manda et al., 2016).
However, studies that evaluate the impact of investments in a combination of SAIPs on
farm income and cost efficiency of farmers are rare in Ethiopia. A few impact assessment
studies conducted based on maize production (Hailemariam et al., 2013; Moti et al., 2016;
Musa et al., 2017; Aseres et al., 2019; Marenya et al., 2020). Ali et al. (2020) evaluated

the effect of SAIPs on the cost efficiency of maize farmers in Ethiopia using panel data.

This study, therefore, aimed to investigate institutional arrangements and stakeholders
coordination for policy implementation in SAIPs process, determinants of farmers’ choice
decisions to invest in multiple SAIPs and its extent at a plot level, examine the drivers of
farmers’ choices to participate and extent of multiple income diversification activities,
estimate the impact of combination of SAIPs on farm income as well as and the effects of

SAIPs on cost efficiency and identify its determinants.

1.3. Research Questions

In order to address the stated problems, this study answers the following research

questions:

1. What are the institutional arrangements that facilitate or hinder investment in SAIPs in
the study area?

2. What are the factors that influence farmers’ decision to invest in multiple SAIPs at a plot
level?

3. What factors influence farmers’ decision to engage in various income diversification

activities at the household level?



4. What is the outcome of investing in a bundle of SAIPs?

5. What is the correlation matrix between SAIPs?

6. What is the correlation matrix between income diversification activities?

7. What is the cost efficiency level of smallholder farmers and what determines cost
efficiency?

1.4. Objectives of the Study

The main purpose of the study was to investigate the institutional arrangements,

determinants of investments in SAIPs, income diversification, cost efficiency and estimate

its impact on net farm income in the central highlands of Ethiopia. Specifically, the

research aims to:

1. Investigate institutional arrangements for sustainable intensification practices’ policy
implemmentation;

2. Examine determinants of farmers’ decisions to invest in multiple sustainable agricultural
intensification practices at a plot level,

3. Investigate determinants of farmers’ decisions to participate in multiple income
diversification activities at the household level;

4. Evaluate impacts of combined use of selected sustainable agricultural intensification
practices on net farm income; and

5. Examine the cost efficiency level of farmers at a plot level and its determinant factors.

1.5. Significance of the Study

The unsustainability of production and productivity of grain crops, food security, and
resource base in SSA, in general and Ethiopia in particular, can be overwhelmed through
building up of sustainable farming systems. Investment in SAIPs or the practical use of
sustainable land management practices combined with efficient use of external inputs and
scarce resources may help improve productivity, maintain land resource and ecosystem
service, and reduce the negative impacts of climate change. To this end, important
empirical evidences on SAIPs and its drivers including institutional arrangements and its
impacts on farm income and cost efficiency, and drivers of income diversification have

generated in this study. Understanding the existing institutional arrangements for policy



implementation is valuable for policy makers, researchers and development practitioners to
innovate the status quo of institutional arrangements in Ethiopia. Knowledge on the
existing institutional arrangements and stakeholders’ coordination at different levels helps
to innovate and change institutions that can facilitate the development and dissemination of
a bundle of SAIPs. All stakeholders who directly and indirectly involved in the processes
of SAIPs can utilize the information generated to sustain production and productivity, and

improve food security.

Similarly, identifying factors that influence both the choice decisions to invest and extent
of investments in multiple sustainable intensification practices help to focus on key factors
that significantly impact the choice decisions to invest and extent of investments in SAIPs.
This information pinpoints that the same factor can influence the different choice decisions
of farm managers to invest in multiple sustainable intensification practices. Besides,
knowledge on the complementarity/synergy and substitutability/trade-off between SAIPs
helps to efficiently allocate scarce resources and disseminate SAIPs with synergies in a
wider scale. In addition, understanding the drivers of income diversification is also
important not only to sustain smallholder farming but also to improve food security in
Ethiopia. Identifying the factors that influence both farmers’ choice decisions to participate
in multiple income diversification activities and extent of income diversification is
important to focus on determinants that meaningfully influence income diversification.
Moreover, information on complementarity and substitutability between income
diversification strategies is valuable to encourage farmers to widely participate in
complementary income diversification options, and reduce the allocation of labor, capital

and financial resources on substitutes.

Moreover, knowledge (by translating into the local languages) on the economic benefits of
investments in selected combination of SAIPs on net farm income and cost efficiency level
is important for farmers to improve their farm income and cost efficiency level.
Information on the impacts of SAIPs on net farm income is helpful to focus on the
combination of SAIPs that yields maximum net farm income at a plot level. It also
important for policy makers and development practitioners to develop and promote
packages of SAIPs that yield improved farm income. In addition, knowledge on the level
of cost efficiencies and its determinants is also important to produce the current level of

crops at a lower cost of production or produce more with existing current inputs and
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practices at hand without damaging the environment. The information is also useful to

improve the attractiveness of smallholder farming in Ethiopia.

In sum, this study is in line with the current Ethiopian green economy programs that
mainly focus on sustainable intensification of smallholder agriculture, and indicated in
agricultural policies, strategies, and growth transformation plans (Schmidt et al., 2017;
Terland, 2019) and hence it is demand-driven and timely. With this, generating knowledge
on institutional arrangements and stakeholders’ coordination for policy implementation,
drivers of investments in SAIPs and income diversification strategies, impacts of selected
combination of SAIPs on net farm income, and level of cost efficiencies and its
determinants is important for research and academic institutions as a reference for further
research and training, and complement the existing growing body of literature by providing

baseline information.

1.6. Scope and Limitations of the Study

The scope of this study can be elucidated in terms of its objectives, research contexts,
methods and geographical coverages. Regarding the study objectives, it tries to cover
institutional arrangements and stakeholders’ coordination, level of investments in
sustainable intensification practices and their determinant factors, drivers of farmers’
participation in multiple income diversification strategies, impacts of investments in
multiple sustainable intensification practices on farm income (net), and level of cost
efficiency and its determinant factors. Regarding research contexts, the study focused on
plots under operation, but not on specific commodity rather on major crops production
including wheat, tef, barley, faba bean among others, due to the fact that most investments
in sustainable agricultural practices are not commodity specific. Regarding methods, the
study used both guantitative and qualitative approaches to collect relevant information. In
terms of the geographical coverage, this study was limited to cover twelve kebeles and four
districts from two regions (Oromia and Amhara) in the central highlands of Ethiopia to

achieve its research objectives.

Concerning the limitations of the study, it was based on the information generated from the

sample farmers and their plots level survey of cross-sectional quantitative data, and
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qualitative data from key informants and focus group discussions as well as review of
relevant policy documents to achieve its objectives. Thus, the analysis of this study was
based on cross-sectional data due to the lack of panel or historical data that will capture

inter-temporal dynamics of investment in SAIPs by farm households.

1.7. Organization of the Dissertation

This PhD dissertation is organized into five main chapters. Next to the introduction
chapter, the second chapter presents a review of relevant literature to the study whereas the
third chapter presents the methodology of the study. The fourth chapter presents the results
and discussion part of the dissertation. The last chapter presents the summary, conclusion

and recommendations of the study.
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2. LITERATURE REVIEW

This chapter presents review of relevant literature on sustainable agricultural
intensification practices, institutional arrangements and stakeholders’ coordination,
investments in SAIPs, income diversification, impact of SAPIs on net income and cost
efficiency of crop producers in Ethiopia. Basic concepts and/or working definitions,
theoretical framework, analytical framework and empirical literature on institutional
arrangements, investments in SAIPs, income diversification, impact evaluation and
cost/economic efficiency are presented in the following sections. The last section presents

the conceptual framework of the study that stretches guidance of the whole research.

2.1. Concepts, Working Definitions and Overview of Practices

2.1.1. Agricultural intensification practices

Agricultural intensification is defined as the technique for increasing yields per unit of land
(hectare) through increased use of purchased inputs (Pretty, 2008; Heady et al., 2014;
Vanlauwe et al., 2014). Pretty (2008), well described that crop productivity is highly
driven by increased application of inorganic fertilizers, irrigation water, pesticides and
machinery per unit of land. The concept behind agricultural intensification is to meet the
demand for food, fiber and energy to the growing human population (Struik and Kuyper,
2017). The main drawback of this concept is to assume that the use of costly external
inputs and productivity will remain linear in the future and underestimates the
environmental impacts of these practices (Pretty, 2008; Vanlauwe et al., 2014), and ignores
the use of sustainable land management practices. Particularly, the sole use of
agrochemical results in loss of environmental services and will require greater use of them
in the future (Hailemariam et al. 2013), and this calls for the use of sustainable practices
(Petersen and Snapp, 2015). In other words, farmers have recently been unable to achieve
optimal crop yields despite the heavy use of improved inputs. In this study, external inputs
such as inorganic fertilizers, improved seeds and pesticides are used as an agricultural

intensification practices.
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2.1.2. Sustainable land management practices

Sustainable Land Management Practices (SLMPs) can be defined as a system of
technologies to integrate ecological activities with socio-economic and political principles
in land use for agriculture (Hurni, 2000). SLMPs are considered as leverage for
intensification (Caron et al., 2014); and as actions to achieve land degradation neutrality
(Cowie et al., 2018) by ducking degradation. These practices also help to raise the value of
land (Braun et al., 2013). These practices are categorized as physical structures, biological,
legume-cereal rotation and organic fertilizers (MoARD, 2010). SLMPs are often grouped
into traditional and modern methods (Agajie et al., 2018). The traditional ones are a cut-off
drain, raised beds, stone terraces, maintaining or planting trees on their farm, and manure
application. Modern practices include soil and stone bunds, check dams, composts, and
water harvesting, agroforestry and a host of others. These practices are usually to
overcome problems of soil productivity such as soil erosion, water logging (highland
areas) and losing (dry areas), nutrient depletion, soil acidity, alkalinity and soil deforming.
In recent years, SLMPs are widely used by smallholder farmers in Ethiopia through
sustainable land management program (Zenebe et al., 2017). In this study, soil and water
conservation structures, tree plantation and legume-cereal rotation, and manuring and/ or

composting are used as a sustainable agricultural management practices.

2.1.3. Sustainable agricultural intensification practices

Sustainable Agricultural Intensification Practice (SAIP) is defined as the process to
simultaneously raise yields, maximize the efficiency of external input use and reduce the
undesirable effects of production on the environment (Godfray and Garnett, 2014; Struik
and Kuyper, 2017). It is also briefly defined as producing more food, increase income and
food security by using the same amount or less of scarce resources (land and water), with
more efficient use of purchased inputs and reducing adverse environmental impact (Juma
et al., 2013). It is also conceptualized as sustainable production (environmental quality),
but with a stock of debates about sustainability trends. Whatsoever the arguments are, the
goal of SAIP is to develop technologies and practices to reduce environmental damage,
reduce external input costs and increase productivity with the principles of
interconnectedness and trade-offs between agricultural intensification and sustainable

practices, and importance of various biological balances (Pretty, 2008).
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Accordingly, SAIPs are categorized into two components. The first component is termed
as intensification practices such as inorganic fertilizers, improved seeds, pesticides and
irrigation; and the second component is called sustainable practices including soil and
water conservation practices, conservation agriculture, and agronomic practices (for
instance, legume-cereal rotation and intercropping, crop residue, and manuring) (The
Montpellier Panel, 2013; Agajie et al., 2018). Sustainable intensification is also termed as
the uptake of alternative approaches (intensification and sustainable) to agricultural
production (Palosuo et al., 2021). Therefore, in SAI, both the words sustainable and
intensification are equally important (Jindo et al., 2020) to make agriculture

environmentally friendly (green) and productive (Shrestha et al., 2021).

Literature shows that sustainable intensification (SI) has been recognized as a new
paradigm for developing agriculture to address various complex changes in farming (Cafer
and Qim, 2017). As noted above, Sl relies on integrating the use of a wide range of
practices to manage pests, land degradation, nutrient depletion, water logging, among
others to address its main goals (economic, environmental and social). To this end, it can
be framed based on three core production principles: (1) production of more food and feed,
(2) preservation of environmental services, and (3) resilience to shocks and stresses
(Vanlauwe et al., 2014). It has also a set of functional principles including integrated
management, dynamic balance, regenerative design and social development, and hence it is
a process or system that requires enabling conditions (institutions) for its realization (Trigo
et al., 2021). Though, there is no ‘one size fits all’ solutions to complex problems of
agriculture, there is an urgent need to identify integrated solutions to implement suitable
SAIPs at farm and landscape levels as they (SAIPs) are context- (agro-ecology and/ or
area) specific. As mentioned earlier, with the rising popularity of Sl, its scope and
objectives have been increasingly broadened due to the diversity of punitive perspectives.
The Sl can originate from existing practices, newly adopted practices and/ or technologies,

or alternative adaptation practices (Jambo et al., 2019).

Because of its multiple benefits (economic, social and environmental), a growing
movement has emerged to the development and implementation of SAIPs. While various
SAIPs have been developed to achieve Sl, it is widely documented that numerous of them

are not achieving their full potential due to low investments in them (Menale et al., 2015;
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Kansiime et al., 2022). Choice decisions to invest in SAIPs may be influenced by several
interlinked factors such as institutional arrangements, socioeconomic, biophysical, weather
conditions, diversification activities, and economic incentives. These factors are important
to develop and access quality inputs, capital, information and infrastructures including
markets to put Sl policies in place. Because of these important facts, it is vital to
understand institutional arrangements for policy implementation, choice decision factors to
invest in multiple SAIPs, the links between investment in SAIPs and income
diversification activities along with its drivers, impact of SAIPs on net farm income and

cost efficiency of farm households at the plot level.

In this study, SAIP refers to the use of sustainable agricultural intensification practices
such as inorganic fertilizers, improved seeds and pesticides, and sustainable practices
including soil and water conservation structures (soil bunds, stone bunds, terraces, gabions,
and trenches), biological methods (planting grasses, shrubs and trees) and agronomic

practices (legume-cereal rotation and manure/compost).

2.1.4. Definitions of institutions and institutional arrangements

In new institutional economics theories, there is no simple and commonly agreed definition
of institutions. There are multiple definitions of institutions. Institutions are established
rules that shape human interactions. North (1990) defined institutions as the social rules
and norms that condition human behavior, and signify “humanly devised constraints to
shape individual and group interactions” and open to overtime modifications. These
institutions may be collectively named as “rules of the game” and they are “rule-oriented”
(Hall et al., 2001). They are also defined as shared practices through which individuals
address their common problems of coordination (Roggeroet al., 2017). Informal
institutions are verbal and long-lived include customs, norms, traditions, values, habits and
beliefs whereas formal institutions are written and short-lived that include policies,
strategies, laws, contracts, political systems, organizations, stakeholders, conventions,
agreements, markets, and others, and (Ostrom, 2005, Totin et al., 2018). Other forms of
institutions are also “role-oriented” defined as organizations that have reached legitimacy
and can also be named formal (Hall et al., 2001). These are fundamentally officially

identifiable organizational systems that bring together with different knowledge and
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scientific skills, social backgrounds to address jointly specific agricultural problems and

risks.

Institutional arrangements for program implementation refer to the structural dimensions of
policy implementation, including the institutional setting and organizational design (Sager
and Gofen, 2022). As noted above, the definitions of institutional organization and
institutional arrangements are sometimes overlapping and complex. Organization here is
referred to as the structure of roles placed for policy implementation (Ostrom, 2005).
According to Ostrom (2005), organizations are also termed as governance structures
needed to make policies and rules effective. Governance is also referred to as institutional
arrangements (the body of rules, enforcement devices, and associated interactive
processes) to coordinate and co-manage economic activities (Fischer et al., 2007).
Institutional arrangements refer to a fundamental arrangement between or among economic
units that governs the ways in which its stake members can cooperate or compete
(Kherallah and Kirsten, 2002). In other words, institutional arrangements are interrelated
sets of entities and rules that serve to organize and coordinate societies and activities to
achieve goals, and fulfil their mandates (Noble, 2000).

Institutional integration and governance can be performed through normative, ideational
and utilitarian institutional interplay mechanisms (Nielsen et al., 2013). The normative
(formal) defined as the existence of clear operative legislative hierarchies among planning
documents (mutual references) that enable or disable sectoral policy integration (Nielsen et
al., 2013). The normative procedure is expected to provide a platform for integrated
decision-making. The ideational interplay defined as the dissemination of ideas across
sectors and institutions through learning process, or simply linking policy sectors through
ideas (Nielsen et al., 2013). It is simply the development and implementation of the
activities through guidelines that transfer ideas and knowledge across governance levels.
The utilitarian interplay refers to the coordination among actors based on the incentives as
determinants of behavior to influence coordination (Nielsen et al., 2013). The fundamental
concept behind this institutional arrangement is that economic incentives affect the utility
intentions of actors, making it more or less beneficial to undertake initiatives to enter into
cooperative relationships with other actors (Nielsen et al., 2013), and these definitions of

interplay are adopted in this study.
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2.1.5. Definition of investment in SAIPs

Widely speaking, investment involves sacrificing resources, time and money today to
accumulate assets that will generate income or other benefits in the future and present
(Lowder et al., 2012; Fullenkamp, 2012; Smart et al., 2017). Bodie et al. (2014) defined
investment as the current commitment of resources and money expecting future and
present benefits. Investment is also classified as long term and short term, private and
public, direct and indirect, foreign, and domestic to mention some. For example,
investment in sustainable land management practices is the long-term investment while
investment in external inputs (inorganic fertilizers, seeds, pesticides and irrigation) that fit
the short-term production objectives of most subsistence smallholder farmers is the short-
term investment. However, farmers’ investment particularly in sustainable agricultural

practices is traditionally considered as voluntary activity (Berhanu and Swinton, 2003).

Agricultural technologies in which farmers often invest in are classified as divisible, which
involves decisions of area allocation and level of use (for instance, fertilizer and seed), and
non-divisible which involves only the decision on how much land to allocate (for instance,
soil conservation practices) (Feder et al., 1985). Most investments in technologies are
risky. Farmers' investment decisions can be categorized based on the expected time
horizon of returns (Smart et al., 2017). Short-term investments, such as the use of external
inputs like fertilizers, provide returns within a short time frame. Long-term investments,
such as land improvement practices, yield returns over an extended period. In this study,
we assume that farmers are free to invest in both short- and long-term activities, and that
their decision-making process considers the net benefits derived from these technologies

across different time horizons.

Investment in SAIPs can be measured at the household (firm) level and/or farm level
(Sidibe, 2005; Marenya and Barrett, 2007). The reason why investment is modeled at plot
level is that farmers do not invest uniformly on the entire farm (Marenya and Barrett,
2007), and the reason at the household level is to avoid the redundant use of household
level features. Farmers are not simply receiving most agricultural technologies instead they
prepare, make, or remake those (Glover et al., 2016). That is why this study and other
previous studies used investment in SAIPs instead of adoption (Berhanu and Swinton,
2003; Fitsum and Holden, 2006; Bekele et al., 2009; Zenebe et al., 2015).
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Determinants here refers to the characteristics of farm households and technologies or
practices or innovations, and access to social services, biophysical and weather conditions
that influence farmers choice decisions to make investments in SAIPs at a plot level
(Feder et al., 1985; Mara et al., 2003). Determinants can also be technology attributes,
economy and finance, society and institution, and farmer feature and farm business
orientation (Ashari et al., 2020). In this study, investment refers to spending money, time,
and other resources in a combination of SAIPs by farm households on their farm or plots in
the central highlands of Ethiopia.

2.1.6. Definition of income diversification

Income diversification (ID) has many definitions, but generally, it refers to the
undertakings of diverse economic activities or an increase in several income sources by
farm households (Minot et al., 2006; Hansson et al., 2013; Wan et al., 2016). It also refers
to the allocation of productive resources among various income generating activities and
relates to the exploitation of possible income generating opportunities by farm households
(Javed et al., 2015). Until recently, however, there is no generally agreed standard
definition of what is meant by a diversified farm business (Barrett et al., 2001; Hansson et
al., 2013). Barrett et al. (2001) explains the distinction in the definition arises from the
inconsistent use of variables of interest and terminologies. For example, 1) it refers to the
transition from subsistence to market-oriented (Minot et al., 2006); 2) it is a shift from
farm to non-farm activities (Javed et al., 2015); 3) it is the reallocation of resources from
less-value commodities to high-value commaodities (Minot et al., 2006); 4) it also refers to
the engagement of farm households in both on-farm and non-farm activities (Weltin et
al., 2017).

Literature on rural ID show three categories of income sources: on-farm, off-farm and non-
farm, and defines non-farm and off-farm activities differently and sometimes conflictingly.
The distinction between the definition of on-farm and non-farm reflects sectoral
classification derived from the usual national accounting practices whereas the on-farm
and off-farm difference reflect the spatial distribution of activities (Barrett et al., 2001;
Bekele et al., 2019; Esubalew, 2021). On-farm activities involve either growing (cropping,

livestock husbandry, fishing, woodlot production) or collecting, processing, and selling,
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and are generally named primary production processes that use land, water, labor, and
physical and financial capital to produce raw materials (Barbieri and Mahoney, 2009;
Khanal., 2020; Esubalew, 2021). Income (usually wage) from off-farm activities is
generated away from one’s land and uses family unskilled labor (Barrett et al., 2001,
Holden et al., 2004). Income from non-farm activities is generated from secondary sector
production processes that use financial or manufactured capital and semi-skilled labor to
produce services such as trade, banking, carpentry, construction, transport, and housing
(Tassew and Oskam, 2001; Bekele et al., 2019; Esubalew, 2021).

Diversification into on-farm, off-farm, and non-farm does not yield the same returns, and
not all rural households have equal access to more profitable activities (Barrett et al. 2001;
Holden et al., 2004; Djido and Bekele, 2018). Literature has shown that competition in
factors of production such as labor, land, capital, and wealth constrained income
diversification (Barrett et al., 2001; Holden et al., 2004; McNamara and Weiss, 2005;
Hansson et al., 2013). In this study, income diversification refers to the use of cash income
sources such as off-farm, forest non-timber products, non-farm, livestock, crops and other

sources.

2.1.7. Definition and concepts of impact evaluation

Agricultural technologies and development programs are often planned to reach
beneficiaries and change outcomes. Understanding whether such interventions actually
work and positively impact farmers is important for policy evidence (Khandker et
al., 2010; Froloch and Sperlich, 2019). Impact refers to the positive and negative, intended
and unintended, direct and indirect, primary and secondary differences in the indicators of
interest or outcome variables with and without the intervention. Impact is also clearly
defined as the difference in the indicators of interest (net farm income in this case) with
versus without the intervention. Programs and policy interventions can be evaluated and

monitored operationally and/ or before or after the interventions.

Evaluation refers to the systematic analysis of the impacts of an intervention empirically.
Thus, impact evaluation is defined as identifying or investigating the net effects of policy
interventions (Khandker et al., 2010). In other words, it is the process of assessing or

estimating the significance of positive impacts of policy interventions. It is simply defined
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as assessing the impact of treatment on the intended outcome. Impacts of policy
interventions can be evaluated over different time horizons (short or long periods), social
scales (individuals or society), spatial scales (local, national/ regional or international) and
across multiple domains including economic, social, environmental, health or cultural
(Wood, 2009).

Impact evaluation often links the different types of indicators (inputs and activities with
outputs and desired outcomes). Impact evaluation should seek positive and non-negative
attributes of policy intervention. The desired outcome here refers to the dependent variable
that measures the social welfare condition that the policy intervention is expected to
change (or cause for positive change). Agricultural policy makers and practitioners want to
know which policy intervention and practices can be best achieving their goals. Thus,
providing empirical evidence suitable for guiding policy through impact evaluation is
important to inform decisions about making changes to policy (scale up/out). The study
uses cross-sectional data to examine the impact of selected sustainable agricultural

intensification practices on net crop farm income of individual household at farm level.

Farm households often generate their income from various sources. There are two income
sources; agricultural and non-agricultural (Barrett et al., 2001). Agricultural income
sources are farm and off-farm activities. The farm income sources are crops, livestock,
forest products, and fishing (Schwarze and Zeller, 2005), and the off-farm income source is
agricultural wage (Ellis, 2000). But non-agricultural income sources are wage employment
outside agriculture, transfer payments, petty trading, and a host of others. Agricultural
income sources have remained critical for rural livelihoods. The approaches for measuring
income are expenditure and income. This study focused on farm income through the
measure of net farm income which equals gross farm income (revenue) less production
costs. Gross income (revenue) is all forms of farm income before deductions (costs), but

net income is the income after all deductions (Debertin, 2012).
2.1.8. Definition of economic/cost efficiency
Efficiency is defined as how a unit of production performs well in the allocation of

resources to produce outputs, given the technology at hand relative to the feasible frontier

production (Fried et al., 2008). It is the most widely used concept in economics to study
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the performance of various economic agents (firms/farmers) to improve efficiency levels.
The reason why we need to have an improvement in efficiency level is resources are scarce
and production costs on the rise. In economics, productivity and efficiency are the most
commonly used terms to indicate the performance of economic agents interchangeably.
But they differ from each other: productivity is the ratio of outputs to inputs. The
measurement of efficiency depends on production, cost, revenue and profit functions
(Kumbhakar and Lovell, 2000; Coelli et al., 2005).

Economic efficiency is the most widely used concept in the arena of production
economics. The concept is used to measure the performance of different sectors of the
economy such as education, banking, energy, transport and agriculture. It is often used to
measure the performance of individual firms and or individual households. Economic
efficiency was originated in the seminal paper of Farell (1957). According to Farell (1957)
economic efficiency is composed of technical efficiency (TE) and allocative efficiency
(AE). Technical efficiency is the ability of a firm/farmer to avoid waste by producing more
(optimum) output as input usage allows or by using a few inputs as output production
allows from a given set of inputs and technology whereas allocative efficiency is the ability

of a firm/farmer to use resources in optimal proportion (Coelli et al., 2005).

Allocative efficiency named price efficiency refers to the measure of success in the
selection of the input set among the optimal input set. A firm/farmer is said to have
attained allocative efficiency if it is operating with the optimal combination of inputs given
input prices. However, input prices are not given in reality due to incomplete market
information. Generally, the efficiency of a decision-making unit (DMU) is examined as
technical, allocative, economic/cost (EE/CE), and profit efficiency (PE). Profit efficiency
refers to the maximum possible profit obtained compared to feasible frontier profit.
Economic/cost efficiency is the multiplicative interaction of technical and allocative
efficiencies (EE/CE=TE*AE), named as overall efficiency (Kumbhakar and Lovell, 2000;
Coelli et al., 2005; Kumbhakar et al., 2015). The measure of each type of efficiencies

ranges from zero to one.

The measurement of economic efficiency in terms of cost, revenue and profit, is the most
important aspects in firms/farmers production analysis (Farell, 1957; Kumbhakar and

Lovell, 2000). However, the choice of these approaches depends on the objective of the
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decision-maker. If the objective of a rational producer is cost minimization, then the cost
frontier is used to measure cost efficiency that involves input demand equation. Several
efficiency literatures show that economic and cost efficiency are same, because they are
computed as the ratio of minimum total production cost to actual production cost and both
comprise TE and AE, and both based on input prices (Kumbhakar and Lovell, 2000;
Coelli et al., 2005; Kumbhakar et al., 2015; Abdulai et al., 2017).

2.1.9. Overview of SAIPs in Ethiopia

The Ethiopian agriculture has undergone a period of fast intensification; because of the
development of a comprehensive and minimum package program (ARDU, CADU, WADU
and EPID) and then SG2000 and achieved higher productivity gains (Berhanu et al., 2006).
For example, the intensity of inorganic fertilizers use increased from 0.4 million tons (in
2006) to 12 million tons (2018), and improved seed use increased from 27 thousand tons
(2006) to 59 thousand tons (2018), resulted in a reduction of fallow land from 10% to 3%
and increased productivity of cereal crops from 1.4 to 2.6 tons and recently to 2.9 tons
(CSA, 2006; CSA, 2018; CSA, 2021). The Green Revolution in developing countries
including Ethiopia since the middle of the 20th century is driven by the wide spread uptake
of high-yielding varieties, mineral fertilizers, irrigation and to some extent pesticides

(Tewodros et al., 2020), and investments in research and extension (Hiwot et al., 2022).

Besides adopting these external inputs, farmers have been facing continued land
degradation and climate change in terms of drought, pests and diseases (Tsedeke et al.,
2015; Gebissa, 2021; Mulu et al., 2022). Although mineral fertilizers and improved seeds
use in Ethiopia, is still low compared to other regions (Ali et al., 2020), its increased used
can be constrained by their increasing scarcity and ever-increasing prices (Kassa and
Merkine, 2020). Addressing these threats took a form of developing and promoting
sustainable agricultural intensification practices (SAIPS). In addition to a long tradition of
conservation practices by farmers in Ethiopia, modern land management practices
(sustainable land management) have been developed and implemented since 2008s (MoA,
2010; ATA, 2013). Therefore, the development and promotion of both external inputs and
sustainable practices including sustainable land management, conservation, and integrated

pest management practices, among others jointly give SAIPs that gives economic, social
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and environmental benefits (The Montpellier Panel, 2013; Menale et al., 2015; Jama et al.,
2019).

2.2. Theoretical Framework of the Study

2.2.1. Institutional arrangements

In economic theory, the New Institutional Economics (NIE) argues that the mainstream
economics (both classical and neoclassical) ignored the importance of institutions that can
influence agricultural policy implementation (Kherallah and Kirsten, 2002). The NIE
acknowledges the important role of institutions on policy implementation and provides a
framework for understanding the interaction of firms, organizations and individual
decisions (Brock, 2002). The NIE deals with the institutions of governance (institutional
arrangements) at a micro- and institutional environment (rules) as a whole at macro-levels
(Kherallah and Kirsten, 2002; Ostrom, 2005). The variants of the NIE over the classical
economics are the assumptions of imperfect market information, bounded rationality and
existence of transaction costs, instead of unrealistic assumptions of mainstream economics
with perfect information, rational decisions to maximize utility and zero transaction costs
(Kherallah and Kirsten, 2002; Ostrom, 2005). According to North (1990), the rationality of
an economic agent is based on his/her cognitive capacity due to asymmetric information.
The NIE is mainly behavioral that focuses on institutions that can be good or bad to
influence human behavior to participate in policy fields (Ostron, 2011).

The theories of NIE applies mainly to natural resources (land, water, forest, fishery among
others) management research in commons (Ostrom, 2005; Barrett et al., 2005; Fischer et
al., 2007; Clement, 2010; Hassenforder and Barone, 2018), markets (Dorward et al., 2005),
agricultural policy analysis including extension (Apu and Nwachkwu, 2008; Sager and
Gofen, 2022), poverty reduction and risk management (Ostrom, 2005; Barrett et al., 2005),
and economic development and adoption of agricultural technologies including SAIPs
(Hall et al., 2001; Kersting and Wollni, 2012; Binam et al., 2017; Reddy et al., 2019). This
is because institutions matter in all economic, social and environmental spheres and they
are policy implementing structures and rules of the game (Ostrom, 2005). In NIE,

implementation is a critical stage within the whole public policy process (Howlett et al.,
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2020; Sager and Gofen, 2022). Policy implementation is an abstraction or working of

policies by economic agents.

Implementing agents consists of formal organizations involved in the implementation of
public policy (SAIPs policy, in our case) are diverse. The implementation of SAIPs policy
with diverse stakeholders is a complex activity with many influencing factors. Among
others, institutional arrangements or governance structures are considered fundamental
which happen either in a top-down or bottom-up bureaucratic structure for decision-
making process (Souerland, 2015). Actors’ integration for policy implementation is also
achieved through horizontal (within organization) and vertical integration (between
organization) (Nielsen et al., 2013). The existence of integration implies that the
development, operations and outcomes of one organization are significantly affected by the
rules of other organizations (Stokke, 2001). Thus, the overall performance of formal
institutions (organizations) can fundamentally be evaluated through three basic types of
institutional interplay mechanisms, namely norms, ideas and incentive (Nielsen et al.,
2013).

Normative is one of the institutions that most often actors implement policy through
bureaucratic structures (Nielsen et al., 2013; Sulila, 2021). Under this institutional
arrangement, there exists a clear operative legislative hierarchy among planning documents
(mutual references) that enable or disable sectoral policy integration (Nielsen et al., 2013).
The complexity of SAIPs policy implementation demands the full integration of
stakeholders. Thus, planning guidelines, implementation procedures, obligations, and
responsibilities for SAIPs are expected to exist. These bureaucratic structures need to be
reflected in strategic documents at local, district, regional and national level. According to
Sulila (2021), the formal bureaucratic structure is a potential constraint for the
implementation of policies. The normative procedure, therefore, is expected to provide a
platform for integrated decision-making. Thus, understanding the institutional interplay

through normative structure is a key factor in the implementation of SAIPs policy.

The interplay between stakeholders also occurs through communication and ideas
(ideational) (Nielsen et al., 2013; Sulila, 2021). It is one of the important variables that
influence the achievement of public policy objectives and outcomes. Ideas and information

known to policy-makers should be distributed by good means of communication. The



25

institutional interplay through ideational requires proper guidelines on how to transfer clear
information/ideas consistently. The guidelines are expected to clearly transfer ideas and
knowledge across governance levels and sprout learning. The ideational interplay is an
enabling arrangement for a decision-making process both in horizontal and vertical
bureaucratic structure. The same activities and the same ideas strongly improve integration
between actors, whereas the same activities but different ideas negatively affect the

effectiveness of integration among sectors and institutions (Nielsen et al., 2013).

According to Nielsen et al. (2013), the utilitarian interplay is one of the crucial variables
that determine public policy implementation. The fundamental concept behind this
institutional arrangement is that economic incentives affect the utility intentions of actors,
making it more or less beneficial to undertake initiatives to enter into cooperative
relationships with other actors (Nielsen et al., 2013). In this regard, funding and other
incentives is the main instrument used for effective institutional interplay (institutional
arrangements or governance) to facilitate investment in SAIPs at farm and community
level. Funding, and allocating staffs, authority and facilities fairly among the actors, is
considered as grease that turns the SAIPs wheel for implementation. It also provides
mechanism for coordinated measures across actors. The implication of utilitarian interplay
is a lack of or unfair funding and allocation of inputs will reduce the incentive to SAIPs
implementation of an order. Existence of local funding and adequate national funding
reduces uncertainty as to whether the SAIPs will be implemented as intended. Having
adequate and capable staffs is a necessary condition but not a sufficient condition. Thus,

actors need to have sufficient facilities for effective implementation.

2.2.2. Investments in SAIPs

Several technology adoption theories have been developed and used to investigate the
drivers and mechanisms farmers’ adoption decision-making process (behaviors). The
investigation of decision factors is mainly based on the theories of behavioral economics,
is a combination of psychology and economics (Mendola, 2007). Among other decision
theories, Theory of Planned Behavior (TPB), Technology Acceptance Model (TAM) and
an Integrated (Decomposed) Model are the most widely used theoretical basis for the
adoption behavior of farmers in developing countries (Dong et al., 2022; McCormack et
al., 2022).
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The TPB is an extension of Theory of Reasoned Action (TRA) developed in the discipline
of social psychology (Ajzen, 1991). According to Ajzen (1991), TPB theorizes that
attitudes, subjective norms, and perceived behavioral control predict intensions, whereas
intensions and perceived behavioral control predict the behavior (choose or not to choose,
and invest or not invest). Attitude refers to an individual’s positive or negative response to
a particular behavior (investment in SAIPs in our case), and behavioral intensions refer to
the belief that an individual will perform a certain behavior (Ajzen and Fishbein, 2005;
Edwards-Jones, 2006). Ajzen (1991) defined perceived behavioral control as an
individual’s perception towards the easiness or difficultness to perform a particular
behavior (Figure 1). The subjective norms refer to an individual perceives how other
people behave to a particular behavior or react on social preferences on performing a
particular behavior (Cheon et al., 2012). The TPB is frequently used for the determinants

of agricultural technologies adoption.

The TAM is an adaptation of TRA and was originally developed by Davis (1989) mainly
for the adoption of information communication technologies in information system, and
currently the theory is used for the adoption of agricultural technologies (Flett et al., 2004;
Dong et al., 2022). Davis (1989) posits that perceived usefulness and perceived ease of
determine an individual’s attitude to perform a certain behavior. Accordingly, perceived
usefulness refers to the extent to which an individual believes that using a particular
technology would enhance performance, productivity and increase income; and perceived
ease of use refers to the extent to which an individual believes that using a particular
technology is suitable. Perceived usefulness predicts attitudes toward use of intensions to
use (invest and use) a certain technology, and as mentioned in TPB above, attitudes predict
intensions and the behavior. The more useful the technology is perceived by the potential
user, the more likely to be adopted (Adrian et al., 2005). TAM is more flexible in that it
allows capturing particular important psychological elements that influence farmers’
behavior (to invest or not to invest in technologies). Both TPB and TAM are based on the
Theory of Rational Behavior (Dong et al., 2022).

Dong et al. (2022), state that behavioral decisions are the result of a combination of
individual thought of their cognition, and environmental factors. Therefore, the
combination of TPB and TAM with Self-Determination Theory (SDT), theory of
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motivation, is more reasonable and scientific than analyzing TPB and TAM separately
(Dong et al., 2022). The SDT presents intrinsic and extrinsic motivations of producers,
used as a facilitating variable (Lee et al., 2015). It provides important perspectives for
technology acceptance behavior to answer what factors motivate technology users to use
the technologies, and it is widely used in social psychology to explain human behavior
(Lee et al., 2015). Economic theories and models are necessary to capture the decisions to
adopt technologies but not sufficient conditions. Social psychological (social norms,
attitudes, beliefs, values, and perceptions) process accounts for a significant variant in
farmer decision-making behavior. The alternative economic theories of production are also
directly related to producers’ decision-making to adopt package technologies (Feder and
Umali, 1993; Mendola, 2007).

Perceived
usefulness

Attitudes

Perceived ease
of use

Intensions

Subjective
norms

1

Behavior

A

Facilitators
SDT

Perceived
behavioral
control

Figure 1. An integrated behavioral model. Source: Adapted from Dissanayake et al. (2022)

There are two basic economic theories of farm household production choices that can be
linked with farmer’s behavior of decision making on the adoption of packages of
interrelated technologies (Feder and Umali, 1993; Mendola, 2007). These are utility
(profit) maximization and risk-averse theories. These theories are based on a set of certain
assumptions to the broader economy within which production takes place, for example
prefect market and information, among others (Lin et al., 1974). According to Lin et al.
1974), all assumptions are not shared by all theories but adopt the same theoretic approach.

The classical economics profit maximization theory ignores the aspects of consumption in
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farm household production decision processes. In reality there is trade-off between profit
maximization and other household production goals. The theory of profit maximization
presumes that the producer’s goal is to maximize profit within the expenditure,
technological and institutional constraints (constrained profit maximization). However,
profit maximization is less accurate predicator of farmer behavior to produce and at the
same time to invest in technologies, compared to utility maximization theory (Lin et al.,
1974).

The household maximizes utility through consumption of all goods and services or outputs
available subject to full income constraints or input constraints in production. Firms
(producers) and consumers as rational economic agents are presumed to be utility
maximizers. Like the decision to consume goods and services from the available basket,
the decision for using new technologies and practices is made when the expected utility or
net benefit from using the technologies is significantly greater than without the technology
(Edward-Jones, 2006). In sum, the main concept behind utility theory is based on
neoclassical economists’ assumption, that a consumer or a producer is rational decision
maker presuming perfect information to make decisions for choosing the alternatives at
risk that offers him/her the highest utility from the choice set.

Neoclassical economics’ theory assumes that an individual’s decision-making in specific
economic activities mainly depends on rational choice behavior (Veisi, 2012; McLeod et
al., 2015; Schliter et al., 2017). However, this theory may not capture the full complexity
of the human’s decision process and ignores human’s bounded rationality due to limited
cognitive capacity, and fails to recognize human’s bounded rationality behavior
(Williamson, 2000; Muramatsu and Fonseca, 2012). For instance, some farmers are ready
to sacrifice economic benefits to engage in land stewardship practices due to social
preferences (Streletskaya et al., 2020). This theory was advanced to bounded rationality by
Simon (2000), stated that human beings have limited cognitive ability to make choice
decisions to maximize utility because of limited information and knowledge, instead of
having full information for rational decision making. Therefore, this study used the concept
of bounded rationality theory to investigate factors influencing investments in sustainable

intensification practices and income diversification.
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Farmers invest in SAIPs and participate in various income diversification activities under
high levels of uncertainty induced by natural dangers, social and institutional (political)
doubts, and market imperfections (Ellis, 1992; Mendola, 2007). The standard expected
utility theory is a normative approach in which farm households make choices from the
available risky alternatives (household behavior and revealed attitude of risk) based on

their revealed preferences are reflected in its utility function (Mendola, 2007).

Thus, decision making is a behavioral phenomenon, expressed in both normative (system
of utility) and descriptive (rationality) concepts (Slovic et al., 1977). According to
Takemura (2014), decisions can be made in three cases: certainty, risk, and uncertainty. In
agriculture, most decisions are made under uncertainty and risky conditions. Different
behavioral models relate decision-making theories include the diffusion of innovations,
technology acceptance model, the theory of planned behavior, and the theory of reasoned
action (Ajzen, 1991; Takemura, 2014). A decision can also be influenced by learning and
social networks (Streletskaya et al., 2020). For example, farmers make decisions based on
learning by doing, using, and learning from others (social and actors’ networks and

participation) (Reed et al., 2010; Streletskaya et al., 2020).

Therefore, based on economic and social theories, the decision to invest in agricultural
innovations is often a choice between alternatives. The alternatives are new technologies
and the traditional or conventional ones; the sustainable practices and external
technologies, or a bundle of technologies (Khana et al., 1999) given technologies are
available. Thus, the differences in the investment levels among farmers are socioeconomic
factors, facilitators, institutions, organizational structures, and external barriers (Mitchell et
al., 2010; Aarons et al., 2011; Wisdom et al., 2013), and ideally framed on random utility
(RUM) theory (McFadden, 1974) with a bounded rationality framework (Simon, 2000).

SAIPs adoption is modeled using household decision making under inperfect markets and
random utility theory (RUT). While the utility is not directly observed the actions of farm
households are often observed through the choice decision they make. Thus, the observed

outcome of farmers’ choice decisions to invest in multiple practices can be modeled

following random utility formulation. Consider the h™ households (h = 1,... H), which is
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challenging a decision on whether or not to invest in the available SAIPs on the same or

another plotp (p=1, ..., P) over a specified time horizon.

Suppose, Ui represent the perceived expected benefits to the farmer from the conventional
production system, and Un represent the benefits of investing in the mthSAIPs, and let X;

and X are vectors of explanatory variables that influence the perceived benefits from
technology choices i and m. Following Greene (2012), the utility of a farm household is

specified as:

Un = BnXm + &m, and Ui = BiXi + & (1)
Where Bm and Bi are parameters to be estimated, and €m and &; are the stochastic noise
terms, presumed to be independently and identically distributed. It follows that the
perceived benefit or utility for the h™ household from choice m is greater than the utility
derived from option i is presented as:
UpmBnXim + €m) > Uni(BiX; + &), m #1 )
Assume that Y is the choice decision to invest in m so that Y takes the value of 1 if mis
chosen and 0 otherwise, the probability that a farm household invests in SAIPs conditional
on X can be specified as:
P(Y) =1|X = P(Upm > Uni) (3)

= P(BmXh + &m — BiXn — & > 0]X)

= P(BmXn — BiXn + &m — & > 0|X)

=P Xp+ <" >0|X) =F(B"Xp)
Where P is a probability function, € = &» — & is a random error term, B = Bn—Biisa
vector of unknown parameters to be estimated and can be interpreted as the net influence
of the vector of explanatory variables influencing choice decisions of SAIPs and F(B8°X;)
is the cumulative distribution function of € evaluated at B°X;. The distribution of F

depends on the distribution of €, and utilities and explanatory variables are defined above.

2.2.3. Income diversification

Rural income diversification has been theoretically founded on agricultural households’

model of optimal labor allocation in which households (HHs) maximize their utility over
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consumption and leisure time subject to time and budget constraints (Reardon, 1997,
Mduma and Wobst, 2005; Wang et al., 2007; Weltin et al., 2017). The theoretic framework
to ID is for efficiency gains in terms of the allocation of HH labor other than conventional
agriculture due to a decline in marginal income of farm labor and labor productivity gap,
and risk reduction (HHs allocate their time to more stable income sources) (McNamara and
Weiss, 2005; Djido and Bekele, 2018). Accordingly, a farm household is a complex unit:
the ‘farm firm’ HHs, producing agricultural output with family labor, other variable inputs,
and land; the laborer HHs, supplying family labor and earning wage income; and the
consumer HHs, consuming through expenditure to drive utility. The ID concept comprises
first livelihood strategies to increase income and asset flows, second construction of
diverse portfolios of activities, third resilience in the context of vulnerability, and last

sustainability (to reproduce itself) (Weltin et al., 2017).

Farm households also diversify their income to address food insecurity and poverty,
stabilize income, and reduce and manage agricultural risks (Awotide et al., 2012; Wan et
al., 2016; Atuoye et al., 2019; Bekele et al., 2019; Mekonnen and Edilegnaw, 2019; Salifu,
2019; Andualem and Ebrahim, 2021), and invest in innovations and sustain agriculture
(Barbieri and Mahoney, 2009; Asravor, 2017). A considerable share (33-45%, and 27%) of
income has been generated from non- and off-farm income sources in sub-Saharan Africa
and Ethiopia (Devis et al., 2017; Mohammed et al., 2018), respectively. Income
diversification has significant implications for the food security of rural households. For
instance, Bekele et al. (2019) reported rural households with low-income diversification

were found to be food insecure.

Further, income diversification impacts on technology choice decision of farmers or access
to resources such as inputs, land, labor, capital and information required to practice the
technologies (Sumberg et al., 2004). It stimulates growth by stimulating productivity-
enhancing inputs (improved seeds, inorganic fertilizers, pesticides, and among others)
investments in agriculture (Reardon et al., 1994). According to Reardon et al. (1994)
surplus income from diversification can be all consumed or reinvented in either non-
agricultural or agricultural activities or in a combination of the two main activities. Farm
households with diversified income sources are more likely to implement soil conservation

activities (liyama et al., 2008); and Mishraet al. (2004) also tried to link income
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diversification with conservation activities. Farm households have their own motives to

diversify income sources.

There are several driving motives for income diversification, but are mostly grouped into
two, push and pull motives. Most literature showed that household income diversification
behavior emanated from push (survival-led) motives such as population growth, declining
farm size, rising landlessness, land degradation, low agricultural productivity, insufficient
food from conventional farming, poor resource endowment, market failure, seasonality,
and risk of environmental shocks (Loison, 2015; Bekele et al., 2017; Dagunga et al., 2018;
Solomon et al., 2019). These motives are mainly to address food insecurity and poverty,
self-insurance (manage risks) and sustain agriculture (Dagunga et al., 2018; Bekele et al.,
2019; Salifu, 2019).

Diversification behavior emanated from pull (opportunity-led or choice) motives such as
emerging markets for labor and high-value commodities, development of infrastructures,
and implementation of structural adjustments (Adugna, 2009; Loison, 2015; Dagunga et
al., 2018; Bekele et al., 2019; Solomon et al., 2019; Salifu, 2019). These motives are
mainly to accumulate assets and wealth, increase income, and enhance the standard of
living. There is a mix of more push and less pull or more pull and fewer push motives of
income diversification in rural Ethiopia. In addition to some push-, pull-, and mixed
factors, a household’s ability to engage in different income diversification activities
depends on the household’s socioeconomic characteristics, weather conditions, and
institutional factors. In sum, there is no consensus on the most important drivers unlike the
consensus reached on the importance and benefits of ID, which may be due to the dynamic

nature of factors influencing participation.

When applied to rural households’ decisions to participate in income diversification
options, the random utility theory (RUT), introduced by McFadden (1980), helps to
understand how these households choose among various income-generating actitivites. The
key assumption behind this framework is that a decision maker has full information to
make rational decisions to choose alternatives that offer the highest utility from a choice
set. However, considering farm households as rational and having full information to make
decisions, is unrealistic because they have limited cognitive ability to both process

decisions and choose alternatives due to limited information implying the existence of
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bounded rationality theory. Under this theory, economic agents (farm households in this
case) cannot make rational decisions to maximize their utility but make a closely optimal

decision through cognitive process to sufficiently compare alternatives (Simon, 2000).

Based on this, an individual farm household, h, which depends on agriculture, will choose
a bundle of income sources, j if and only if the utility, U, derived from a particular
income source is greater than another alternative source, 0 and utility, U, from the choice
set. Though, utility is indirect only the choice decision is observed. Following Greene

(2012), the linear random utility model for discrete choice is specified as:
Uhj = B],Xh] + Ej and Uo = ﬁéXo + &o (4)

Where U, and Uy, represent a household’s utility derived by dichotomous interdependent
choices between 0 and 1, respectively, X, and X}, are vectors of explanatory variables that
influence the utility, B, and 8; are parameters to be estimated, and &, and ¢; are the random
terms, assumed to be independently and identically distributed. It is also assumed that the
perceived utility for the h*" household from choice j is greater than the utility derived from

option 0O is depicted as:
Unj(BiX; + &) > Upo(BoXo +&5),j#0 Q)

Presuming that Y is the decision to choose income source j, taking the value of 1 if j is
chosen, 0 otherwise, the probability that a farm household selects the jt* income source
conditional on X can be depicted as:
P(Y =1]X) = P(uj; > 0) (6)
= P(B;Xi; +vi; > 0]X)
= P(B"X; +v* > 0|X) = F(8"X;,p)
Where P is a probability function, F(.) is the cumulative distribution function of v*
evaluated at f*X; and the particular parameter values of g* = B; — B;, is the net
influence of the vector of covariates impacting the choice decision, p is a vector of error

terms correlated, and others parameters as defined above.
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2.2.4. Impact evaluation

Generally, there are two main theoretical impact evaluation approaches, namely Theory-
based (Theory of Change) and Black-box (White, 2009). The Theory of Change (ToC) is a
prominent example of theory-based impact evaluation approach. It starts with a clear
artricultaion of how and why a program or an intervention is expected to bring about
change (desired outcomes) (White, 2009). According to White (2009), ToC follows six
principles including map out the causal chain, understand context, anticipate heterogeneity,
rigorous evaluation, factual analysis and use mixed methods (quantitative and qualitative)
for its successful application in the evaluation process. ToC involves mapping out the
causal chain and indentifying the mechanisms through which the intervention or program
is expected to bring about change. Change, in the context of a program or intervention,
refers to the ways in which individuals, groups and communities are affected (impacted) by

the activities and outcomes of that program.

Figure 2 presents the impact pathway, which permits the determination of cause and effect
relations. It allows the identification of inputs, activities, outputs, and the transformation of
outputs into outcomes and impact by stakeholders. ToC is mainly based on two
assumptions namely cause-effect and cause-link. Cause-effect considers impact evaluation
as a multilevel perspective, means several alternative programs or interventions can bring
the same change. Cause-link considers impact evaluation as a process and answers the
question how to achieve (planning) the change, and the reason for the change
(qualitatively). Accordingly, ToC offers a deeper understanding of causal mechanisms but
it is more sensitive to context and the specific conditions under which an intervention
works (White, 2009; Mayne and Johnson, 2015). ToC approach is indeed highly valued in
development and stakeholders’ evaluation due to its focus on mapping out change is
expected to occur throughout the process, and less valued in impact evaluation, because it
has seen as more conceptual and less empirical, and it requires rigorous methods (White,
2009; Mayne and Johnson, 2015).
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Figure 2. Theory of Change: Impact pathway

The “Black-box” approach to impact evaluation, as described by White (2009), is indeed a
widely used method in evaluating the overall impact of a program or intervention. It
primarily concentrates on estimating the overall impact of a program without delving
deeply into the underying processes that lead to the observed oucomes. In other words, it
simply reports an impact in the statistical significance of the coefficient for the average
treatment effect (ATE) but with less insight into why and how the change (impact)
occurred. It often uses quantititave methods to assess the difference in changes (outcomes)
between the treatment and control groups. The choice between ToC and “Black-box” often
depends on the specif goals of impact evaluation and the nature of the program or
intervention being explored. This study aims to determine whether investment in selected
individual or combinations of SAIPs produced measurable improvemnets in net crop farm
income using quasi-experimental design. Thus, the black-box approach allows us to report
this outcome effectively and well suited for estimating the ATE and determine statistical

significance.
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Impact evaluation is a constituent of policy at large or programming cycle in public
management that can play two key roles (Baker, 2000; Khandker et al., 2010). The first
role is Ex ante impact analysis, is the examination of what the impact of an intervention
might be (usually done before intervention), and the second role is Ex post impact analysis,
is the examination of impacts to answer the question to what extent and how a policy
intervention generates benefits (done after intervention) it was intended to achieve.
Moreover, in the theory of impact evaluation, there is a problem of missing data due to
unable to observe the outcomes of policy participants had they not been beneficiaries
(counterfactuals). A counterfactual is a theory that states what would have happened if a
target population had not received a development policy intervention (Baker, 2000).
Determining the counterfactual is at the core of impact analysis design. In order to
conclude that a specific agricultural intervention has a causal effect on economic outcomes
of individual farmers who participated in the intervention, there is a need to observe the
same farmers in a counterfactual world and compare the two outcomes (Khandker et
al., 2010).

Effective impact evaluation pivots on findings of a good comparison or control groups.
Both the comparison and control groups should resemble the treatment group in every
aspect, except being participants in intervention (Khandker et al., 2010). However, the use
of these groups is based on the methodological options in designing of the evaluation.
There are two main impact evaluation methods, namely randomized control trial (RCT)
and non-random or quasi-experimental. The term control group should only be used when
applying RCT, where groups have been allocated randomly during intervention placement
(Baker, 2000). Whereas quasi-experimental methods always use comparison groups in
their impact evaluation design. Randomized control trail is generally considered as the
most robust evaluation methods as the participants are assigned randomly, and hence the
control groups drawn from random assignment serve as a perfect counterfactual (Baker,
2000). However, RCT revealed significant problems of practical random assignment and
unethical randomization (Baker, 2000). Quasi-experimental methods are widely used
techniques of impact evaluation which can be drawn on the existing quantitative data

sources and are often cheaper and quicker to implement (Baker, 2000).

Evaluating the impact of investments in technologies requires controlling for potential

selection bias and unobserved heterogeneity. The selection bias arises due to differences in
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observables in the data through which an individual is targeted (geographical location,
among others). The unobservable heterogeneity bias may arise from differences in
individual ability, willingness and political connections, among others (Baker, 2000). If the
selection process is based on time constant heterogeneity, a panel estimator solves the bias
problem without using an instrumental problem (Wooldridge, 2002). The difficulties to get
a panel data and real instrumental variables in the study areas may result in unobserved
heterogeneity that affects the outcomes (Wooldridge, 2002). In this circumstance, the
availability of cross-section data and econometric models other than ESR might be
inadequate to estimate the impacts of practice (technology) set choices on outcome of
interest. To solve this problem of estimation, an endogenous switching regression (ESR)

model that enables us to capture time-invariant heterogeneity is used.

The ESR allows interaction by estimating separate regressions for selected SAIPs adopters
and non-adopters. Another advantage of the ESR over other econometric methods such as
propensity score matching is that it enables the construction of a counterfactual based on
coefficient estimates to features of adopters and non-adopters. The ESR approach also
accounts for potential endogeneity and corrects self-selection bias (noted above). This
approach is vital where there is a lack of before and after intervention observation (data). It
also takes observed and unobserved factors into account. For plot level data, the Mundlack
approach was applied by including the average farm-varying characteristics such as
fertility status and slope of the plots (Hailemariam et al. 2013; Menale et al., 2015). By
including the vector of farm-averaged covariates, we control for household-constant
unobserved heterogeneity, as with fixed effect in panel, while avoiding the problem of
incidental parameters in nonlinear models such as the multinomial logit model (MNL),
provides multinomial switching endogenous regression (extension of ESR) framework.
The MNL model is used to analyze the decision to invest in selected combination of
SAIPs.

The multinomial endogenous switching regression (MESR) framework involves a two-
stage estimation procedure. First, a multinomial logit model accounting for unobserved
individual heterogeneity is estimated to generate inverse Mills ratios, named as selection
correction terms. Second, the outcome equations are estimated using OLS including the
inverse Mills ratios as an additional regressor to capture selection bias due to time-

invariant unobserved heterogeneity. The MESR proposes a normality assumption like the
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instrumental variable (V) approach, but more efficient than 1V (Bekele et al., 2014).
Previous studies have used the MESR approach to estimate the impact of agricultural
technologies and climate adaptation strategies on crop productivity, farm income, food

security, and welfare (Khonje et al., 2015; Menale et al., 2015; Hailemariam et al., 2017).

To model the decision-making of farm households aiming to maximize their utility (net
crop farm income) through investments in three practices/technologies (improved seeds,
inorganic fertilizers and soil conservation structures), we can consider the different
combination of these investments as choice sets. The eight possible choice sets would
include all three technologies, any two technologies, any single technology, and empty set
(no investment). Thus a latent model for unobserved expected utility, U;; that farm
household i derive from investing in SAIPs combination j (with j = 1, 2...8) on plot p

(Khonje et al., 2018; Horner and Wollni, 2021), is specified as:
Uiip = Xijphj + Xijpij + €ijp @

Where X;;, is a vector of observed exogenous covariates that represents household and

plot level features, and institutional climate variables; § and y are vectors of parameters to

be estimated, and «; ;,, is the random error term.

Following Mundlak (1978) and Wooldridge (2002) method where the means (Yl-jp) of all
time-varying covariates are included as additional covariates in the MNLS model to
address the correlation of unobserved factors with explanatory variables, but not often

reported in the result table. Let (U) be an index that denotes the producer’s choice of
SAIPs, such that:
(Liff Uj; > max(Ug,) orny <0
m#1
U =+ ' orallm#j (8)

Jiff Ufj > max(Upy,) ormy; <0
\ m=#]

In the above, nj; = max_ _Uf_) < 0, Eq. (2) implying that the i* farmer will choose
ij

ij(U;m
SAIP j, to maximize his/her utility (profit) if the practice j provides greater expected profit

than any other practice m # j, i.e., mj = max > 0, assuming that the error

mj(Ujj—U )
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terms (&;;,) are identically and independently distributed (Bourguignon et al., 2007).
Following Menale et al. (2011), Hailemariam et al. (2013) and Abdulai and Huffman
(2014), the probability that farmer i will choose SAIPs j can be specified as:

exp(Xi; Bj +Xijv;) (9)
She1 eXP((Xij Bm"'iinm))

Pij = Pr(nu < lel) =

2.2.5. Cost/economic efficiency

This section explains the theoretical foundation of efficiency in general economic/cost
efficiency in particular. Economic or cost efficiency analysis is based on microeconomics
production function. Production refers to the transformation of inputs into outputs. A
production function depicts the physical relationship between resources (inputs) and
finished products (outputs). The production function represents the maximum output
attainable given quantities of inputs whereas the cost function represents the minimum
level of cost to produce given input prices. The mainstream neoclassical economics
presumes that producers permanently operate efficiently. However, in reality these
producers are not permanently efficient. Subsequently, two identical producers may never
produce same output, and their costs and profits are not the same (Kumbhakar and Wang,
2005). This difference in output, cost and profit can be attributed to differences in
economic/cost efficiency. Moreover, farmers and farms use different farm management or
agronomic practices and resource combinations to produce crops and attain considerable

productivity and end efficiency.

There are two main approaches to studying efficiency. The first one is resource-based
approach which refers to the art of fullest use of scarce resources to entirely meet the
limited needs, named as productivity of using resources achieving farming goals; and the
second one is cost-based approach which refers to the ratio of performance result value to
costs value (Mykhailenko, 2018). Based on the seminal work of Farrell (1957), efficiency
is measured into two approaches, namely input-oriented and output-oriented. Input-
oriented refers to “the maximum possible reduction in inputs given the output”. Output-
oriented refers to “the maximum possible increase in outputs given the input”. Coelli et al.
(2005) explained the two approaches using separate efficiency graphs. This study focused

on input-oriented approach, because of its wider application in economic or cost efficiency
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analysis. Otherwise output-oriented approach is also more frequently applied in revenue

and profit efficiency analysis (Solomon, 2014).

In input-oriented efficiency analysis, Farrell (1957) presumed constant returns to scale
(CRS) and unit isoquant for fully efficient firm/farmers (represented by S S') (Figure 3).
Farrell demonstrated firms’ production using two inputs (X; and X3) to produce a single
output (y) to measure technical efficiency. Knowledge of unit isoquants permits the
measurement of TE. If a given farmer uses quantities of inputs defined by the point P, then
distance QP denotes technical inefficiency, which refers to the amount that all inputs could
be proportionally reduced without a reduction of the output level. This is usually expressed
in percentage terms by the ratio QP/OP, which signifies the percentage change by which
all inputs need to be reduced to achieve technically efficient production. Technical
efficiency of a firm/farmer is commonly measured by the ratio = OQ/OP, which is = 1-
QP/OP.

X2/ Yy

A X Iy

1

Figure 3. Input-oriented technical, allocative and cost efficiencies

Source: Coelli et al. (2005).

If the resource (inputs) price ratio denoted by the slope of the isocost line AA' is also
known, AE of the firm is measured at P, defined as the ratio OR/OQ. The distance RQ
signifies the reduction in production costs that would arise if production was to happen at
both technically and allocatively efficient point Q', instead of technically efficient but
allocatively inefficient at point Q. As mentioned above, the term economic efficiency is

analogous to cost efficiency as they both depend on input prices, requires the use of input-
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oriented approach as depicted in Figure 3. Thus, the total economic or cost efficiency
referred to the ratio OR/OP, where the distance RP is the art of cost reduction. As

mentioned above, cost/economic efficiency is the product of TE and AE measures.

As noted above, economic efficiency is equally dealt with revenue, cost and profit
efficiency approaches, but the choice of these approaches is based on contexts
(commodity) and data availability. Firms/farmers are operating their business in a
competitive environment, and hence evaluating their performance through output-oriented
measure is not feasible because output is exogenous and determined by market forces
(demand). Therefore, concentrating on cost saving measures mainly through optimum
allocation and combination of inputs and practices is vital and for this cost efficiency as a
measure of economic efficiency is suitable (Kumbhakar and Lovell, 2000; Coelli et al.,
2005; Kumbhakar et al., 2015). The achievement of economic/cost efficiency from scarce
resources should be a major criterion for priority setting in any economic sector including
agriculture. Agriculture in general crop farming in particular is facing rising input prices,
which results in parallel raise in production costs which in turn squeezes crop farming
profits (Wudineh et al., 2023).

In the field of economic efficiency analysis, there are a number of measurement
approaches. The two most widely used approaches are the Data Envelopment Analysis
(DEA) developed by Charnes et al. (1978) and Stochastic Frontier Analysis (SFA)
proposed by Aigner et al. (1977) and Meeusen and Van den Broeck (1977). There has
been an argument over these approaches and scholars tend have their own choices over
which approach to use for efficiency measures. The DEA is non-parametric method
computed with mathematical programming with real data. It has merits of no specification
of the functional form for the underlying technology, and it can handle multiple outputs
and inputs. However, the DEA approach attributes all deviation from the frontier to
inefficiency and ignores to account the stochastic term (Kumbhakar and Lovell, 2000). The
strengths (advantages) of the SFA approach are it deals with the stochastic term and allows
statistical tests of hypotheses relating to the structure and level of inefficiency. The
similarities between DEA and SFA involve estimating the “best practices” (maximum

possible output or minimum cost) for a specific firm/farm.
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The stochastic frontier analysis (SFA) is an econometric and parametric approach to
measuring efficiency mainly with survey data, obtained through recall (Greene, 2008). The
parametric (SFA) approach provides better results than the non-parametric (DEA) because
it accounts measurement errors, common in traditional agricultural activities. The ability to
capture external noises (environmental factors to agriculture), hypothesis testing,
measurement errors (particularly for data from rural households of developing counties)
and enables to simultaneously investigate determinants are also some of the merits of SFA.
The choice between these approaches depends on the type of an economic agent and
sector, data type and objective. Developing agriculture is influenced by nature, i.e.,
external factors such as rainfall, temperature, and climate that can favor or disfavor
production, and farm activities are often kept open not recorded. Thus, SFA is important to

capture these external noises (Ali et al., 2020).

Fundamentally, SFA assumes several functional forms to follow such as Generalized
Leontief, Transcendental, Linear, Normalized quadratic, Cobb-Douglas (CD) and Translog
(TL) production function (Coelli et al., 2005). The linear and CD are first-order flexible
while others are second-order flexible. Increased flexibility is usually preferred but at the
cost of multicollinearity due to more parameters to be estimated (Kumbhakar and Lovell,
2000; Coelli et al., 2005). Though, CD and TL are the two most popular functional forms
widely used in the empirical estimation of frontier models in efficiency analysis.
Logarithmic transformation of CD and TL makes them more attractive for non-zero values
of structural variables (output and input variables). Cobb-Douglas is the reduced form of
TL. It assumes that the coefficients of squared and interaction terms of structural variables
to be zeros. This makes CD the most restricted form on the technology set of production

also by assuming constant returns to scale and elasticity of substitution.

To investigate determinants of inefficiency, there are two estimation methods specifically
two-step and one-step. In the two-step approach, the efficiency scores of firms first
estimated with ordinary least squares (OLS), and then using these scores as dependent
variable regressed against the hypothesized covariates using Tobit model but this
introduces some bias (sourced from measurement errors uncontrolled stochastic noises in
the first step) in estimation (Greene, 2008). However, the two-step method violates the
assumption of identically independently distributed technical inefficiency effects in the

stochastic frontier model. In one-step approach, the inefficiency effects are considered
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directly as a function of several observable factors that are presumed to influence
efficiency of farm operators. The one-step method has been widely used in the efficiency
literature (Wang and Schmidt, 2002; Wudineh and Endrias, 2017; Tadele et al., 2019; Ali
et al., 2020).

Based on microeconomic theory of differentiability, decomposition of cost function into
technical and allocative inefficiency requires duality condition which in turn requires
mainly the use of self-dual frontiers (Cobb Douglas) and perfect competition (Karagiannis
and Tzouvelekas, 2001). In a perfect competitive market, elasticities and cost shares are
equal (linear) which makes differentiability convenient, and hence decomposition is more
problematic using data from developing courtiers where market is imperfect, and prices
and information are distorted (Ali et al., 2020). Due to the aforementioned ‘Greene
problem’ of analyzing cost (economic) efficiency, using decomposition of cost efficiency
into technical and allocative efficiency of crop farming could not be made in this study.
Literature has hown that decomposing cost efficiency into TE and AE is difficult if
unobserved production inputs exist in production processes (Kumbhakar and Lovell,
2000). Based on these theoretical bases, the motivation is to estimate cost (economic)
efficiency and investigate the effect of joint investments in selected SAIPs using a one-step

approach and cost frontier.

2.3. Empirical Evidence

In this subsection, empirical literature on institutional arrangements, determinants of
investments in multiple SAIPs, determinants of income diversification, impacts of
investments in selected individual and combination of SAIPs on net crop farm income and

determinants of cost efficiency are presented.

2.3.1. Institutional arrangements for technology adoption

Adenew et al. (2019) investigated the role of institutional actors and their interactions in
land use policy making and implementation process in Ethiopia using qualitative data
obtained through key informant interview at different administrative levels, and compared
with policy documents. The results indicated that policies are set at top level and

implemented in top-down approach, and institutions were hieratically linked with less
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horizontal integration. Lack of capacity and clear mandates among actors were found to
negatively influence the effectiveness of land use policies. Guided by the IAD framework
to review the existing stock of knowledge, Makate (2019) examined the role of institutions
and policies in scaling climate smart agriculture by smallholder famers in Africa. Markets
(transaction cost), political will, capacity building, financial support and accountability
were found the most common governance structures that influence scaling (horizontal and

vertical) of climate smart agriculture.

Using the combined IAD and social-ecological framework, and social network analysis as
a method of analysis, and case studies and semi-structure interviews to collect qualitative
data, Robinson et al. (2023) investigated institutional arrangements for climate adaptation
in the Islands of Atlantic and Indian Oceans. The results indicated that there were a few
strategic actors involved multiple and conflicting institutional arrangements,
simultaneously shaped and reshaped. The results also indicated that actors had varying
patterns of power, politics and participation to influence climate adaptation strategies both
positively and negatively. Using both primary and secondary data, Mondal et al. (2016)
investigated institutional arrangements for watershed development programs in
Bundelkhand region of Madhya Pradesh, India. The results indicated that interaction
between stakeholder institutions found to be weak, and unequal financial support between
sectors negatively affected watershed programs implementation. Using data collected from
29 key informants, Chilima et al. (2017) examined the governance for managing
watersheds in Canada. The results indicated that weak institutional arrangements to support

watershed initiatives, and poor legislative enforcement to implement the activities.

Using the IAD framework and qualitative research, Zerihun et al. (2018) assessed the
institutional settings (design, implementation and evaluation) of sustainable land
management practices (mainly soil and water conservation) in Ethiopia. The results
indicated that public sectors are found reluctant to share decision-making process to local
communities, and participation of stakeholders particularly farmers were poorly managed
and there was lack of effective enforcement of regulations and legislative norms. The
results also indicated that the design, implementation and monitoring of sustainable land

management practices followed a top-down governance approach.
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Using the IAD framework, and secondary and primary data for analysis, Reddy et al.
(2019) investigated policy and institutional constraints for the wider adoption and spread of
sustainable agricultural intensification practices in India. The results indicated that there
was no comprehensive policy frame to promote SAIPs rather individual policies and
programs dominated the system. There were conflicting policies and programs that
constrain adoption of SAIPs (for example, policy for conventional intensification and
policy for organic farming). The results further indicated that availability of various polices
and institutional mechanisms are considered as a strength; the need for consolidation of
policies and institutions as opportunities; the lack of comprehensive SAIPs policy as
weakness, and conflicting interests are considered as threats for SAIPs development and

implementation.

Using data collected from 175 farmers and other qualitative data from stakeholders from
Brazil, Vinholis et al. (2021) assessed the effect of meso-institutions (institutions that
bridge the macro (constitutions)- and micro (organizational arrangements)-level that can
translate, implement, incentivize and enforce rules) on the adoption of integrated crop-
livestock system practices. The meso-institutions (institutional arrangements) mentioned
are projects and partnership networks for training provision between stakeholders. The
results indicated that economic incentives, capacity building and knowledge sharing
through meso-institutions were found to improve the adoption of integrated crop-livestock
system practices in the study area. The results also indicated that incentive mechanisms
such as credit and risk managements were found provide incentives for adoption. Pali et al.
(2023) investigated institutional arrangements and typologies for the adoption of
sustainable crop intensification in Uganda using data collected from 135 rice and potato
farmers. The results indicated that farmers valued the contribution of exiting institutional
arrangements to the adoption of sustainable crop intensification practices, and informal
institutions were more active than formal ones. The results also indicated that there was

weak coordination between micro, meso and macro-institutions.

2.3.2. Determinants of investments in SAIPs

Empirical evidence on the determinants of investments in multiple SAIPs is inadequate.
The most relevant literatures are briefly described in this subsection. Mengistu et al. (2016)

analyzed the determinants of potato technology package (multiple agricultural
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technologies) adoption using data from 214 potato growing households in Eastern
Ethiopia. They used a two-limit Tobit model and found location, access to irrigation, farm
size, cooperative membership and annual income influenced adoption of indexed potato
technology package. Using data from 150 farm households, Dawit and Abduselam (2018)
examined the determinants highland maize varieties in Toke kutaye of Oromia, Ethiopia.
They employed Tobit model and found farm size, household income, access to credit and
extension, and training positively influenced adoption of maize varieties, and age and

distance to market negatively affected adoption.

Negussie et al. (2022) investigated the determinants of improved bread wheat technologies
(parts of SAIPs) in Meket district of Amhara regional state, Ethiopia. They analyzed data
from 214 farmers using a double hurdle model and found number of oxen, mobile
ownership, education, and access to extension influenced the rate of adoption whereas land
ownership, participation in demonstration and income of the household influenced
intensity of adoption. These studies, however, employed standard adoption models that
yielded biased estimates, and this study is intended to use more realistic econometric

models for joint investments in multiple technologies at a time.

Menale et al. (2013) investigated the determinants of sustainable agricultural practices
(SAPs) using data from 681 farm households and 1539 maize plots in rural Tanzania. They
used multivariate probit (MVP) and found rainfall, pest shocks, extension service
effectiveness, tenure status, social capital, plot size and location, and asset holding
influenced farm investments in SAPs. Using data from 898 farm households and 1616
maize plots, Hailemariam et al. (2013) examined the determinants of adoption of SAPs in
Ethiopia. They employed MVP (for choice decision) and ordered probit (for intensity) and
found significant correlation between SAPs and trust in public support, credit, spouse
education, rainfall, plot level disturbances, wealth, social capital and networks, labor
availability, plot and market distance influenced both choice decision and intensity of
SAPs. The study by Berhanu and Swinton (2003) conducted in the Tigray region using
data from 250 farms reports that investment in soil conservation practices affected by

tenure status, public intervention, and capacity factors.

Ahmed (2015) investigated factors influencing adoption of multiple maize technologies

(SAPs) using data from 130 farm households and 148 maize plots in Ethiopia. He used
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MVP and found complementarities between some maize practices and substitutability
between other SAPs, and education, family size, cooperative membership, plot size and
plot distance influenced fertilizer adoption; livestock, extension and slope affected
adoption of manure; market distance negatively influenced improved seed adoption; non-
farm income, family size and slope influenced adoption of soil conservation practices.
Wegayehu and Drake (2003) examined the determinants of investment in SAPs using data
from 145 households and 256 plots in the eastern highlands of Ethiopia. They used a
multinomial logit model and found that access to information, support programs, and slope
and size of plot positively affected adoption of SAPs.

The study by Daniel and Mulugeta (2017) conducted in Weraillu Woreda, using data
collected from 112 households analyzed using a binary regression reports that sex and
education of the household head, access to extension and training positively and
significantly affected the decision and level of investment in SAIPs. Menale et al. (2015)
examined the determinants of adoption of SAIPs using data from 5779 households and
9837 maize plots and analyzed using a multivariate probit model in four countries
(Ethiopia, Kenya, Malawi, and Tanzania). They reported that social capital and networks,
quality of extension services, tenure security, education, and market access positively
affect investment in SAIPs. Using data collected from 1284 maize households and 5500
plots and analyzed using multivariate probit model in Ghana, Bekele et al. (2017) reported
that access to market, capital, and information or knowledge enhanced investment in
SAIPs.

2.3.3. Determinants of Income Diversification

Empirical evidence on drivers of choice decisions to participate in multiple income
diversification activities is limited. Using data collected from 120 households in Fedis
districts of eastern Hararghe zone, Amare and Belaineh (2013) analyzed the determinants
of income diversification using a multinomial logit model to identify factors influencing
farmers’ participation in non-farm activities and tobit model to identify the determinants of
the intensity of non-farm income, and reported that participation in non-farm employment
activities and the level of income derived are found to be influenced by gender and age of
household head, number of economically active family members, education level of

household head and presence of children attending school, livestock holding, size of
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cultivated land, number of crops grown and harvest and access to the market. Tassew and
Oskam (2001) analyzed data collected from 201 households from Tigray region of
Ethiopia using multinomial logit and tobit models and reported that participation into non-

farm activities is influenced by wealth, access to credit, and skill.

Using data collected from 290 households from Central Sulawesi, Indonesia, Schwarze and
Zeller (2005) analyzed using a Tobit model reported that socioeconomic status and access
to financial markets positively affected farmers’ decision to engage in income
diversification activities. Using data collected from 76546 rural households from Pakistan,
Javed et al. (2015) analyzed using tobit model reported that being non-poor and female-
headed, and location (a proxy for endowments, population density, and urbanization)
positively affected income diversification activities. Khanal (2020) investigated the
determinants of income diversification strategies by farm business households in US. He
used a multivariate probit model to analyze data collected from 13852 farm households
and reported that study location, farm size, farm household characteristics, farm type and
financial conditions were drivers of income diversification activities. Using data collected
from 15000 farm business households in Italy, Dries et al. (2012) examined the
determinants of income diversification strategies. They used MVP model and found that
diversification explained by distance to urban centers, landscape features, social capital,

farm size, specialization, tenancy restrictions, labor and business structure.

A study by Andualem and Umer (2023) comducted on the determinants of livelihood
diversification in north Wollo of Amhara region, Ethiopia; they analyzed the data collected
from 384 rural household heads using a MVP model and reported that the choice of rural
livelihood diversification strategies positively influenced by gender, land holding and
cooperative membership but negatively influenced by distance tom market. Livelihood
diversification into off-farm is positively influenced by gender and negatively influenced
by land holding. However, some of these studies used a single probit or logit, and Tobit or
multinomial logit models considering a single diversification option and/ or several but
assuming several options are independent, while in reality farmers participate in multiple

income diversification options which are interdependent.
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2.3.4. Impact of agricultural technologies on farmers’ welfare

Existing literature in impact evaluation of improving agricultural technologies in Ethiopia
has been inconsistent and scattered (Zenebe et al., 2017). Schmidt and Fanaye (2019)
estimated the impact of investments in sustainable land management practices on
productivity in Blue Nile Basin, Ethiopia. They used panel data collected from 1748
households and analyzed using the difference-in-difference method and reported that
investment in SLMPs positively affected agricultural productivity. Noltz et al. (2013)
estimated the impact of rice intensification on yield and income in Timor Leste. They used
cross-sectional data collected from 397 rice farmers and analyzed using an endogenous

switching regression model and reported significant positive gains of yield and income.

Using data collected from 342 households and analyzed with PSM in Ghana, Faltermeier
and Abdulai (2009) reported a positive and significant effect of water conservation
intensification practices on output and net returns. Khonjie et al. (2018) examined the
impact of joint adoption of multiple agricultural technologies on crop yields, household
incomes, and poverty in eastern Zambia. They used cross-sectional data collected from
1412 plots and 810 households and analyzed using a multinomial endogenous switching
regression model, and reported that multiple choice sets of technologies positively

influenced crop yields and incomes, and negatively influenced poverty.

Menale et al. (2011) evaluated the impact of improved groundnut varieties on crop and
poverty in Uganda. They used cross-sectional data collected from 927 farm households and
estimated using PSM and found that adopting improved groundnut varieties significantly
increased crop income and reduced poverty. Olarinde et al. (2011) used data collected
from 5400 households in sub-Saharan Africa to analyze the impact of soil and water
conservation practices on total crop production using an instrumental variable approach
and reported that the use of soil and water conservation practices increased the value of
total crop production by 17-24% per household. Bekele et al. (2017) estimated the effects
of adopting multiple sustainable intensification practices (SIPs) on maize productivity in
Ghana. They used data collected from 1284 maize households and 5500 plots and analyzed
using a multivalued semi-parametric treatment effect (MVTE) model, and reported that

higher number of SIPs used associated with higher productivity of maize, in which more
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pronounced from using a combination of inorganic fertilizer and soil conservation

practices.

Hailemariam et al. (2013) estimated the impact of adoption of conservation tillage on
pesticide use and maize income in Ethiopia. They used data collected from 900 households
and 1644 maize plots and analyzed using ESR model in Ethiopia, and reported that
adoption of conservation tillage positively affected pesticide application. The same study
reported that the use of multiple SAPs positively affected maize income. Abdulai and
Huffman (2014) estimated the impact of adoption of soil and water conservation practices
(SWCPs) on rice yields and net returns in northern Ghana. They used data collected from
342 rice farmers and analyzed using an ESR model and reported that adoption of SWCPs
positively and significantly affected rice yields and net returns. Manda et al. (2016)
investigated the impact of adoption of improved maize variety and in organic fertilizers on
maize yield in Zambia. They used data collected from 800 farmers and 3000 maize plots
and analyzed using a multinomial endogenous treatment effects model, and reported that
the use of improved seeds and organic fertilizers positively affected maize yield, but higher
fertilizer costs limited the profitability of maize farming.

Kuntashula (2017) investigated the impact of use of soil fertility improving trees on maize
yields in Zambia. He used data collected from 1231 maize households and analyzed using
ESR, and reported that use of soil fertility improving trees positively affected maize yield.
Geremew et al. (2017) estimated the impacts of improved maize production technologies
on yield and production costs in Ethiopia. They used panel data collected in two rounds
from 2132 farm households and 3914 plots and analyzed using MESR and found that
improved technology set choices had significant impacts on farm-level maize yield and
maize production costs. Mesele and Markew (2021) estimated the impact of adoption of
multiple technologies on poverty in Ethiopia. They used cross-sectional data collected
from 796 farm households and analyzed using endogenous switching model, and reported
that adoption of multiple technologies had negative impact on poverty measured in terms
of consumption expenditure. Most of these previous studies focused on the adoption of
technologies to single commodity (mainly maize and rice). This study investigated impacts

of combination of SAIPs on net farm income considering several grain crops.
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2.3.5. Determinants of cost efficiency of crop farming

In this subsection, empirical literature on cost (economic) efficiency of crop farms
conducted elsewhere in the world is presented. A large body of literature has explored the
economic or cost efficiency of crop farms (Maurice et al., 2014; Rido, 2014; Gosa and
Jema, 2016; Tu and Trang, 2016; Habtamu et al., 2018; Tsegaye et al., 2019; Ali et al.,
2020; Rahaman et al., 2021; Sadiq et al., 2021; Tolesa, 2021; Gosa et al., 2022).

Using data collected from 300 food crop farmers in Adamawa State, Nigeria, Maurice et
al. (2014) examined cost efficiency using Cobb-Douglas frontier cost function and found
that cost efficiency index ranged from 18% to 98% with an average of cost efficiency of
84%. The result showed that cost efficiency was influenced by extension contact, crop
diversification and credit. Rido (2014) investigated cost efficiency of rice producing
households in Cambodia using data from 3168 observation. The result from maximum
likelihood estimates of parameters of the Cobb-Douglas frontier cost function showed that
average farmers operated at 20% and 30% over the minimum cost frontier in wet regions
of Tonle Sap and Plateau of Cambodia, respectively. This indicated that about 20% and
30% of the scarce resources were wasted in these wet regions, and cost efficiency was

influenced by increased cultivated area and reduced household members.

Gosa and Jema (2016) examined the economic efficiency of sorghum producing farmers in
Ethiopia. They used data collected from 130 farmers and analyzed with Cobb-Douglas
frontier cost function, and found that economic efficiency was found to be 32% which was
positively influenced by farm size but negatively by land fragmentation and extension
contact. Using data collected from 199 rice farmers in Vietnam, Tu and Trang (2016)
examined the cost efficiency with stochastic Translog frontier cost function, and reported
that the mean cost efficiency was 90%, indicating that average rice farmers operated at
10% over the minimum cost frontier. This in turn indicated about 10% of scarce resources
were wasted. Habtamu et al. (2018) assessed economic/cost efficiency of crop-producing
farms and its determinants in Norway. They used panel data from 1000 farms through
Norwegian Farm Accountancy Survey collected by Norwegian Institute of Bioeconomy
Research and analyzed using a transcendental logarithmic (translog) cost function, and

reported that the mean cost efficiency was about 78-81%, which was influenced by farm
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management practices (crop rotation) and socioeconomic factors (government support,

land tenure and off-farm).

Ali et al. (2020) investigated the effect of adoption of combination of SAIPs on cost
efficiency of smallholder maize farmers in Ethiopia. They used unbalanced panel data
collected from 4471 farmers to analyze cost efficiency using transcendental translog
frontier cost function and found that adoption of combination of practices increased cost
efficiency indicating that the marginal effect on cost reduction was higher from joint
application than individual practices. The result also indicated that the average cost
efficiency was 83%) which additionally determined by climate factors (rainfall and
maximum temperature), farm features (soil fertility, fragmentation, and distance of plots)
and socioeconomic factors including age and education level of the household heads.
Using data collected from 240 rice farmers, Rahaman et al. (2021) examined cost
efficiency of small, medium and large Boro rice growers in Dinajpur district of
Bangladesh. They used Cobb-Douglas frontier cost function to analyze the data and found
that the average cost efficiency scores was between 57 to 96% with a mean of 84%. The
result showed that cost efficiency was determined by farming experience, training of rice

production techniques and access to credit.

Sadiq et al. (2021) examined cost efficiency of rice farmers in Niger state of Nigeria using
cross-sectional data collected from 110 samples. The data was analysed using stochastic
cost frontier function and found that all of the farmers were found operating above the
minimum cost frontier with average cost efficiency score of 86%, which was determined
by family heath expenses (sickness of family members) incurred by hiring labor to
substitute sick family labor and family size found to reduce cost inefficiency. Using cross-
sectional data collected from 152 crop-livestock farming households, Tolesa (2021)
assessed the economic efficiency of farmers in Horro district of Ethiopia. He used DEA to
analyse efficiency scores and Tobit regression to determine driving factors and found that
an average economic efficiency score was 38%, which was influenced by credit use,
extension and terrace use. Gosa et al. (2022) examined the economic efficiency of maize
producing farm households in west Harerghe of Ethiopia. They used data collected from
160 randomly selected farmers and analysed using two-step procedures, DEA for

estimating efficiency scores and Tobit regression to determine driving factors. The results
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showed that technical, allocative and economic efficiency scores were 77%, 64% and 51%,

respectively, and farm size, livestock holding and credit influenced economic efficiency.

2.3. Analytical Framework of the Study

In analyzing data in this study, Institutional Analysis and Development framework,
Multivariate Probit model, Ordered Probit model, Fractional Response Model, Multinomial
Logit Selection model, Multinomial Endogenous Switching Regression and one step

Stochastic Cost frontier were used in analyzing the dataset for the five objectives.

2.3.1. Institutional analysis and development (IAD) framework

The IAD framework provides a lens to breakdown complexity and focus on key features
(part by part) of institutions that help understand institutional arrangements (Heikkila and
Andersson, 2018). To arrive at a proper understanding of multiple institutions and
institutional arrangements for SAIPs in the area of social, economic, political and
ecological systems, a set of core factors have to be considered (Ostrom, 2010; Makate,
2019). The core factors in IAD framewok presented in Figure 4 include contextual factors
(initial conditions), Action arenas and outcomes (Ostrom, 2005). The contextual factors
comprise of: first, biophysical conditions include land; human capital, finance, and
information; second, community attributes (example, dense population with heterogeneous
interests, highland agroecology, and poverty), and their characteristics; third, rules-in use
(legal and political systems) and can be both formal and informal (Ostrom, 2005; Makate,
2019). Initial conditions influence investments in SAIPs, because investment in SAIPsS
requires adequate resources. Like contextual factors, community attributes affect
investments in SAIPs as it requires answering the question which SAIPs socially
acceptable in a particular community. Legal (property rights) and political (motivations

and commitments of politicians) can influence investments in SAIPs (Makate, 2019).

The action arenas comprise action situation and actors, it can be single and can have
several actors and complex chains, or linked multiple arenas (Ostrom, 2005). Action
situations represent events and interdependent roles of decision-making. It also comprises
policy design and SAIPs, and individuals who engage in set of actions (Ostrom, 2005).

Investments in SAIPs are considered as action arenas as they involve several different
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practices and stakeholders. The action arenas influence investment results and outcomes.
Outcome represents final products. In this study, the outcome of interest is level of
adoption of each practice, farm income and cost efficiency. The action situation leads to
interaction among various actors and outcomes. The interactions are evaluated in terms of
the selected institutional arrangements in governance structures. Because of its flexibility
and suitability to the qualitative data in the study area, we adopted the IAD framework to

the analysis of institutional arrangements for SAIPs investment policy implementation.
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Figure 4: Constituent of the IAD Framework. Source: Ostrom, 2005.

2.3.2. MVVP, OP and FR models

Generally, a choice decision to invest in multiple technologies is inherently a multivariate
decision. In single logit and probit equation models, farmers’ inability to access one set of
technologies does not affect the likelihood of them accessing another set of technologies
(Dorfman, 1996). However, the MVP model (several equations model) is applied to the
modeling of adoption decisions by farmers facing multiple technologies (SAIPs). It
simultaneously models the influence of the set of independent variables on each of the
various practices, while allowing for the potential correlation between unobserved
disturbances and the relationship between the accesses of different practices (Menale et al.,

2015). The model allows for full investigation of the interactions (positive or negative)
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between decisions to invest or not to invest in multiple practices. The decision to
participate in multiple income diversification options is also integrally a multivaraite
decision (Dries et al.,, 2012). Thus, MVP model was used for investigating the
determinants of choice decisions to invest in multiple SAIPs and participation in several

income diversification activities.

An ordered probit and fractional response models were used for examining the extent of
investments in SAIPs and participation in income diversification activities, respectively.
The OP model serves as an appropriate analytical framework whenever the data are ordinal
as distinct from numerical (Hailemariam et al., 2013). It analyses the factors that influence
the adoption of multiple SAIPs, in terms of the number of practices adopted. This is ideal
for analyzing the extent of adoption of SAIPs, where the number of practices adopted
serves as the ordinal dependent variable. The FR model is designed for dependent variables
that are proportions or fractions, constrained within the [0, 1] interval. This makes it
appropriate for modeling the index of income diversification, where the index ranges from
0 (complete specialization) to 1 (maximum diversification). The FR model accounts for the
nonlinearity and boundedness of the data, offering consistent estimates, which other
models like Tobit and two-limit Tobit may fail to provide due to the unique nature of the
data distribution (Mekonnen and Edilegnaw, 2019). Income diversification index was
calculated using Simpson Index of diversification. The index reflects the probability that
two randomly chosen sources of income will belong to different categories, thus measuring

the extent of diversification.

2.3.3. MNLS and MESR models

Generally, the Multinomial Endogenous Switching Regression (MESR) model provides a
robust framework for analyzing the impact of adopting multiple Sustainable Agricultural
Intensification Practices (SAIPs) on outcomes like net crop farm income. The MESR
model is particularly valuable because it addresses key challenges associated with
estimating causal effects in situations where there are multiple choices and potential self-
selection bias (Menale et al., 2015). It allows getting both consistent and efficient estimates
of the selection process and a practical correction for the outcome equations. Thus, MESR
model was used for the analysis of impact of investments in a combination of SAIPs on net

crop farm income.
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2.3.4. Stochastic cost frontier model

Generally, non-parametric efficiency measurement namely data envelopment analysis
(DEA) is a popular tool for assessing the efficiency of decision-making (e.g., firms, farms,
plots) without requiring a specific functional form of the production function. It assumes
that all deviations from the frontier are due to inefficiency, which may not be realistic in
settings where external factors such as weather, pests and disease can cause variability in
output and cost. These factors, which are often beyond the control of the farmers, are
particularly influencial in developing countries like Ethiopia (Ali et al., 2020). Stochastic
cost frontier (SCF) is a parametric approach for assessing efficiency, which assumes a
specific functional form for the cost function. It allows for a more realistic analysis of
efficiency by distinguishing between inefficiency and random noise, making it a better fit
for developing countries agriculture and handle recall survey data. Therefore, stochastic
cost frontier model was used for the analysis of the determinants of cost efficiency levels at
a plot level (Greene, 2008).

2.4. Conceptual Framework of the Study

The doubling of global food demand in the future challenges the sustainability of food
production and the natural resource base (Tilman et al., 2002; Moti et al., 2016). Ethiopia,
where land quality and degradation due to fragile soils to erosion (particularly in highland
areas), climate change, and weak institutional integration highly threaten agricultural
productivity and food security (Kotir, 2011). Solving production, productivity, and food
security challenges require various policy interventions. These interventions include
intensification, sustainable intensification, and avoiding wastes. Ethiopia recognizes
sustainable agricultural intensification (SAI) as the way to meeting the demands of
improving yields and food security without environmental degradation. Hence,
government encourages farmers to invest in SAIPs (Mckenzie and Williams, 2015). SAI
uses holistic approaches focused on natural, social and human capital assets, jointly with
the use of best available practices and inputs to maintain agronomic, economic, social and

environmental sustainably dimensions (Ikerd, 1993; Juma et al., 2013).
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The conceptual framework for this study was designed by prolonging the conceptual
framework on the new paradigm of agriculture (sustainable agriculture) developed by
Ikerd (1993) and Juma et al. (2013). Accordingly, in Ethiopia, sustainable agriculture is
needed for food security, income enhancement, poverty reduction and environmental
safety, and efficiency by using SAIPs. SAIPs are important to produce more for fewer
production resources (mainly purchased inputs and land), improve income and profit by
reducing costs, and sustain production. The innovative framework of Ikerd (1993) and
Juma et al. (2013) on sustainable intensification was mainly focused on the principles,
components, processes and outcomes of SAIPs while this study mainly focused on the
drivers and linkages between income diversification and investment in SAIPs, impacts of

selected SAIPs on net farm income and cost efficiency.

Based on this conceptual framework, we hypothesized that smallholder farmers’ incentives
to invest in SAIPs depend on a wide range of interactable factors (both at a local and
system level) such as demographics, biophysical, weather conditions, technological
attribute, institutions and farmers perceptions of the benefits and costs associated with
investments (economic consequences of SAIPs). Investment in SAIPs is considered as
action arena as it involves several different practices and stakeholders. That is, investment
in SAIPs is not only a technical problem but also an institutional problem, because it
involves a system of diverse institutional arrangements that constrain or motivate
interactions between stakeholders for policy implementation. In other words, institutional
arrangements are important for the development and promotion of SAIPs, and enhance
farmers’ decisions to invest at farm level. Institutional arrangements are measured in terms
of normative or bureaucratic structures, ideational and incentives (finance) can determine
the level of investments in SAIPs at plot level. The conceptual framework that directs this

study is portrayed in Figure 5.

In reality, agricultural technologies are introduced either in packages or in isolation that
compliments or substitutes each other. SAIPs are interdependent, and farmers
simultaneously decide to invest in SAIPs. Thus, the choice decisions of smallholder
farmers to invest in single or bundle of SAIPs at a plot level can not only be influenced by
institutional arrangements at a local and wider level but also influenced by household
characteristics, asset endowments, plot characteristics, institutional factors and weather

conditions. Further, choice decisions of farmers can be influenced by income
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diversification activities. Income diversification activities are interdependent, and farmers
simultaneously decide to participate in them. The choice decisions of farmers to participate
in a single or combination of income sources can also be influenced by several factors

noted earlier.

Moreover, economic consequences (outcomes) such as income from using SAIPs could
influence farmers’ decisions to invest in them. Empirical evidences on the impact of
investing in selected combination of SAIPs as a package on net farm income of the
household at a plot level is important from a scaling-up and out perspective. Further, crop
production and income (particularly net farm income) can be improved through cost
efficiency, optimum use of production resources given the technologies. The focus of this
study is on evaluating how investments in a combination of selected SAIPs impacts net
farm income and affect cost frontier, and examine cost efficiency level of farmers at a plot

level.



59

Context Action arenas
(SAIPs)
Degraded = \
land T Actors m
Dense At — — = Interactions
population > Action -Normative
(5":“5"“_0”5 P -ldeational
planning, < -Incentives
Land use, delivery,
rentand [ training)
share — —
Other drivers of SAIPs > im ISQ:rz:fation e Evaluation
P IAD, MESR,
Vv 7 SFA
’ \ 2
HH and plot //
characteristics, asset ,/ Output
— endowments, B e Y_lgld,
. . . /
institutional, weather / Efficiency
conditions ‘
\4 V
4 Outcomes
| Income diversification [~ Farm income
|

Figure 5. Conceptual framework of the study, Source: Adopted from Ikerd (1993), Ostrom
(2011) and Juma et al. (2013) and modified to fit the study.
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3. METHODOLGY

In this methodology section, the overall procedures followed for the study are presented.
Particularly, the section contains the description of the study areas, sources and types of the
data used, procedures and techniques of data collection, specifications of models and
method of data analysis used for each objective. Likewise, it provides brief definitions and

hypothesis of variables used in the econometric models.

3.1. Description of the Study Area and Data

In this sub-section, the description of the study areas and context is briefly presented.

3.1.1. Description of study areas and context

The study was conducted in the west Shewa zone of Oromia and North Shewa zone of
Ambhara regional states. Four districts namely Ejere and Toke Kutaye from west Shewa
zone, Basona Werana and Mojana Wedera from North Shewa zone were selected. Further,
twelve kebeles, three from each district were included in the study (Figure 6). Ejere has 26
rural and 3 urban kebeles. Toke Kutaye has 23 rural and 4 urban kebeles. Basona Werana
has 30 rural and 3 urban kebeles, and Mojana Wadera has 13 rural and 2 urban kebeles.

The study focused on rural kebeles.

These areas were chosen for this study because they are areas where knowledge about
severe land degradation and SAIPs measures are widely available (Temesgen et al., 2014).
The Ethiopian central highlands are characterized by dense population which resulted in
frequent splits and shrinking of farmlands (smallholder farming) and expansion to hillsides
farming, and 50% of arable land for agricultural production is affected by soil degradation
in terms of erosion and nutrient depletion, which in turn results in low crop productivity,
persistent poverty and food insecurity (Assemu and Shigdaf, 2014; EEA, 2021). In other
words, farmland size owned by the farmer is shrinking from time to time due to rising
population and land fragmentation with large families that mainly depend on labor-
intensive production methods (Paul and Githinji, 2017). Most farmers undertake mixed
crop-livestock production mainly under rain-fed conditions. The areas are dominated by
the cultivation of cereals including tef, wheat, barley, and maize, legumes mainly faba
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bean, field peas, and chickpeas, and other crops such as potatoes and oilseeds (CSA, 2021).
The dominant livestock types include dairy cattle (both zebu and cross-bred), sheep, goats,

equines, and chickens.

Moreover, farmers diversify their income sources into various on-farm (self-employment),
off-farm (wage employment), and non-farm activities (self and/ or wage employment)
motivated by seasonal surplus family labor and low farm income (Ellis, 2000; Tassew and
Oskam, 2001; Holeden et al., 2004; Sosina and Barrett, 2012). Thus, on-farm (crop
production, livestock mainly dairy production), forest production, off-farm, non-farm (pity
trade, construction, artisan, salary), and other income sources (renting of assets,

remittance) are among the basic economic activities in the study areas.
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Figure 6. Map of the study areas
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3.1.2. Data types, collection procedure and sampling

Both primary and secondary data were used for this study. For institutional arrangement
objectives, qualitative data were collected from key informant interviews (KlIs) and focus
group discussions (FGDs). The qualitative data were collected through checklists from a
total of 12 focus group discusants and 51 key informants. FGDs were conducted at each
study kebeles comprising five to ten selected farmers. The entire key informants were 51 of
which 24 were from study kebeles and 16, 6 and 5 key informants were from districts,
regions and federal levels, respectively. These Kls were including experts, division heads
and researchers. These key informants were mainly drawn from crop production and
natural resource departments from office of agriculture, office of land administration at a
district, regional and federal levels; crop production, natural resource and land
administration departments from ministry of agriculture; and crop and natural resources
research departments both at regional (through emailing and telegraming) and national
level. For investments in SAIPs, participation in income divesrsification, impact analysis
and cost effifiency objectives, data were collected from sample farm households through

household survey.

The data collected from household survey were based on structured questionnaire
containing farmer and plot characteristics, SAIPs use, asset endowmnets, input and output
prices, marketed output, income diversification activities, perception, weather related
variables and institutional factors. The questionnaire was prepared based on literature
review, field observation and expert comsultation. It was fed into CSPro software suited
for CAPI (Computer Assisted Personal Interview). The survey questionnaire was
administered by trained and experienced enumerators (reserachers) who have knowledge
of local farming systems and languages. The survey was conducted between January and
March of 2021, referring to the 2019/20 cropping season. Therefore, the final sample size
used for the analysis was 385 farm households (Table 1). In addition, we collected
secondary data on kebele level rainfall and temperature (point data) from a national
meteorological agency (NMA) through an official letter.



Table 1. Sample size by study locations
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Zone District Kebele Total population Sample
West Shewa Ejerie Chiri 838 35
(Oromia) Kusaye 551 23
Illu Aga 910 38
Toke Kutaye  Wejira 718 30
Maruf 719 30
Biribisa Dogoma 886 37
North Shewa Basona Bakelo 934 39
(Ambhara) Werana Gudo Beret 647 27
Goshe Bado 742 31
Mojana Alem Tena 814 34
Wedera Fila Genet 695 29
lysofi 766 32
Total 9220 385

Source: Own field survey data, 2021

3.1.2.1. Sampling techniques and data collection procedure

Three-stage sampling techniques were used to select the regions, zones, districts, kebeles,

and farm households for investments in SAIPs, income diversification, net farm income

and cost efficiency objectives. Based on the available knowledge on SAIPs measures, first,

two zones from two regions were purposively selected. Second, two districts and three

kebeles were randomly selected from a list of districts and kebeles recorded by zonal and

district levels of the Office of Agriculture, based on SAIPs implementation potentail.

Finally, 23-39 sample households in each kebeles were selected based on a proportionate

systematic random sampling technique.

3.1.2.2. Sample size determination of farm households

To obtain a representative sample size for this study, the sample size determination

formula by Cochran (1977) was employed:
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Where N is the required sample size, Z is the inverse of the standard cumulative
distribution that corresponds to the level of confidence, p is the estimated proportion of an
attribute present in the population (SAIP user), g= 1-p (non-SAIP user), and e is the
desired level of precision. The value of Z is found from the statistical table which contains
the area under the normal curve of 95% confidence level, 5% precision level, and assumed
the occurrence rate of p = 50% (the ratio of farm households who at least invested in one of
the SAIPs on their plots), and hence q = 50%, and finally the Cochran formula gives a total
of 385 samples to sufficiently represent the target population in the study areas (see Table
1).

3.2. Methods of Data Analysis

To analyse the data, both descriptive analysis and econometric models were used.
Descriptive analysis included mean, standard deviation, frequency and percentage. In
addition to descriptive analysis, institutional analysis and development framework was
used to attain the first objective of the study. Six econometric models were used to attain

the four objectives of the study.

Given the five objectives of the study, the specification of models used for this study was
presented in the following five sub-sections. The first sub-section deals with institutional
analysis and development (IAD) framework for the analysis of institutional arrangements
of investments in SAIPs. The second sub-section deals with the econometric models for the
determinants of choice decisions to invest and extent of investments in packages of SAIPs
by farm households at a plot level in the central highlands of Ethiopia. The third sub-
section deals with model for the determinants of choice decision to participate and
intensity of income diversification activities by same farm households in Ethiopia. The
fourth sub-section deals with econometric model for estimating impact of using selected
individual and combined SAIPs on net farm income followed by the last sub-section which
deals with empirical model for the determinants of cost efficiency of smallholder crop

farmers at a plot level in the Ethiopian central highlands.
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3.2.1. Institutional analysis and development framework

The first objective of this study was to examine institutional arrangements for investments
in sustainable crop intensification. The study explores strengths and weakness of different
institutional arrangements for investments in SAIPs through a comparative analysis of
SAIPs planning and implementation in Oromia and Amhara regions. First, the study
examines how the two regional states have implemented SAIPs through their
administrative structures, and institutional arrangements they have used. Subsequently, the
study analyses consequences of structures and arrangement mechanisms across horizontal
and vertical levels. The study uses theories on multi-level governance, intra- and inter-
organizations interplay and institutional effectiveness. In other words, the study analyses
the institutional arrangements for implementation of SAIPs through horizontal and vertical
institutional interplays to measure institutional effectiveness. In sum, drawing from
Ostrom’s IAD framework on institutional interplays, the study examines whether any
normative, ideational or incentive mechanisms are at play (working), influencing
implementation of the SAIPs. The IAD model itself did not develop the evaluative
standards in detail, but included potential areas of institutional interplay investigation such

as normative compellence, ideational and finance.

3.2.2. Determinants of investments in SAIPS: MVP and OP models

The second study objective was to investigate the determinants of choice decisions by
smallholder farmers to invest and extent of investments on a bundle of SAIPs. Farm
households choose a mix of farm practices and inputs to deal with multiple farming
constraints, implying that the choice decisions to invest in these technologies is integrally
multivariate. Attempting single equation modeling such as probit, logit, Tobit, or
multinomial model would exclude useful economic information contained in
interdependent and simultaneous choice decisions to invest in technologies (Dorfman,
1996). We employ MVP model, which simultaneously models the influence of the set of
explanatory variables on each of the different technologies while allowing for potential
correlation between unobserved disturbances, as well as the relationship between the
decision to invest in different SAIPs (Hailemariam et al., 2013; Menale et al. 2015;
Solomon et al., 2016). The possible sources of correlation in MVP model may be

complementarity/synergy (positive correlation) or substitutability/trade-off (negative
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correlation between different practices (Menale et al., 2015). Correlations (positive or
negative) may also occur if there are unobservable household-specific features that
influence several choice decisions but cannot be easily captured by measurable proxies
(Ahmed, 2015). Attempting univariate probit or logit models while such correlation exists
would result in biased and inefficient estimates (Greene, 2012; Menale et al., 2015). The
MVP model consists of eight binary choice equations which include investments in
improved crop varieties (V), crop rotation (R), inorganic fertilizers (F), organic fertilizer
(0), chemicals (C), drainage (D), vegetation (P) and soil conservation structures (S) which
can be simultaneously analyzed. Following the above utility equations (1, 2, 4 and 5), the

net benefit (Yypy,) that the farmer derives from investing in the mMSAIPs is a latent

variable determined by observed explanatory variables and error terms. The equations (11

and 12, respectively) for both latent and observed binary variables are:

Yﬁpm = XhpmBmp + Xivi + Ehp, (m=V,R,F,0,C,D,P,9S) (11)
1ifYy,. >0

Yiom = { hpm 12

hpm 0 otherwise (12)

Where Yy, is a latent variable that holds the degree to which a farm household views
SAIPs m as useful and its estimation is based on observable Yy, Which indicates whether

or not a farm household invested in a particular SAIPs on his/her p™ plot in the reference

year, Xy, represents a vector of observed household and plot-level characteristics, and
other factors, By, is a vector of parameters to be estimated, X is a vector of the mean value

of Mundlak fixed effects (plot-varying variables including slope and fertility conditions of
plots) added additionally to control for unobserved heterogeneity (Mundlak, 1978;

Wooldridge, 2002) and &y, (for m=1, 2, ...8) represent the unobserved random error
terms, which jointly follow a multivariate normal distribution with zero conditional mean
and variance-covariance matrix (w), is normalized to unity on the leading diagonal, and
correlation py; = pjm as off-diagonal elements, and (€V, €R, €F, €O, &€C, €D, EP, SS,)’

~MVN (0, w), is shown in (egn.13).

1 pVR pVF pVO pVC pVD pVP pVS
pRV 1 pRF  pRO pRC pRD pRP pRS
pFV  pFR 1 pFO pFC pFD pFP pFS
pOV  pOR pOF 1 pOC pOD pOP pOS () (13)
pCV  pCR pCF pCO 1 pCD pCP pCS
pDV  pDR pDF pDO pDC 1 pDP pDS
pPV  pPR pPF pPO pPC pPD 1 pPS
pSV  pSR pSF pSO pSC pSD pSP 1
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Where, p (tho) stands for the pairwise correlation coefficient of the error terms
corresponding to any two investments in SAIPs. The fundamental of this assumption is that
equation (13) produces an MVP model that jointly represents decisions to invest in
particular SAIPs. The off-diagonal elements in the covariance matrix represent unobserved
correlation between the error terms of several latent SAIPs equations, which can affect the
choice of technologies. If each of the off-diagonal elements becomes non-zero, then

equation 7 carries important information on correlation.

Ordered probit (OP) model

An ordered probit model (OPM) was used for examining the extent of investments in
SAIPs. Several options exist for identifying the determinants of the extent of adoption
including Tobit (Dadi et al, 2001; Mwaura et al., 2021), Cragg’s double hurdle (Danso-
Abbeam et al.,, 2019), Heckman two-stage (Awotide et al, 2014), ordered probit
(Hailemariam et al., 2013; Aryal et al., 2017; Fekadu and Engdawork, 2019; Kiconco et
al., 2022), and count data models (Kolady et al., 2021). These approaches have their own
limitations, for example, in using Tobit, Heckman two-stages, and double hurdle models,
the proportion of land under given technologies is used as the dependent variable implying
less attention is paid to the number of package technologies adopted. In using count data
models like Poisson, the assumption that all technologies have the same probability of
adoption has a serious problem while they have a different probability of being adopted
(Hailemariam et al., 2013).

Several studies used an OPM model for estimating the extent/intensity of adoption of
several technologies as the MVP models only consider probability choices (Hailemariam et
al., 2013; Aryal et al., 2017; Fekadu and Engdawork, 2019; Kiconco et al., 2022). The
study conducted by Gonzaga et al. (2019) also used an ordered logit model to estimate the
intensity of the adoption of multiple technologies. These studies, however, are with
limitations in considering the number of technologies (count data) as ordinal data and
could have been estimated with a Poisson regression model. More specifically, ordered
probit/logit models are often used to account for the ordinality nature of outcome variables.
We, therefore, used an OPM to investigate the determinants of the extent of investment in

a bundle of SAIPs by scaling down the total number of SAIPs from eight (unrestricted) to



68

five (restricted) levels (ordinal). Following Wooldridge (2002), the OP model, which
allows the response variable to have more than two ordinal categories is specified as:

( 1 none of SAIPs
2 low level (1 — 3 SAIPs)
Ypp = { 3 moderate level (4 SAIPs) = XppB + u; (14)
| 4 high leve (5 — 7 SAIPs)
5 very high (8 SAIPs)

Where Yy, is a latent variable representing the extent of investments in SAIPs at a plot

level, and u; is the error term which is assumed to be normally distributed with a standard
normal cumulative function. For m = 1-5 categories, following a standard ordered
probability model, the probability of observing outcome i corresponds to:

Pr(outcome; = i) = Pr(m;_; < X{B + u; < ;) (15)
Where B is a vector of coefficients to be jointly estimated with the cut points a4, a5, ...,
a,—1 and m is the number of possible outcomes. For investment levels in SAIPs, both the
likelihood ratio test (Greene and Hensher, 2010) and Akaike and Bayesian information
criterion (AIC and BIC) are used for comparison of unrestricted (L) and restricted (L*) OP
models. That is, A=L*/L; 0<A<I, and LR=2(In L - In L*) ~ y2, (m restriction), higher pseudo
R? widely dispersed cut-points, and a smaller of AIC and/ or BIC indicates better goodness
of fit.

3.2.3. Determinants of Income Diversification: MVP and FR Models

The third research objective was to examine the drivers of choice and intensity of income

diversification activities by smallholder farmers.

Following prior studies in various disciplines such as income diversification and/ or labor
allocation (Dries et al., 2012; Weltin et al., 2017; Algaga and Sisay, 2020), technology
adoption (Chilot et al., 2015; Menale et al. 2015), and marketing (Mohammed et al., 2020;
Tadele et al., 2021), we specify a multivariate probit model for six cash income sources
including off-farm (O), forest (F), non-farm (N), livestock (L), crops (C) and other sources
(2) as:

Yi; = XuBj + &, (= O,F, N, L, C, 2) (16)
1if¥y;>0

17
0, otherwise (17)

th ={



69

Where Yy; and Yy,; denote a vector of latent and observed dependent variables, respectively;
Xpi is a vector of explanatory variables, g; is a vector of parameters to be estimated, and ¢,
are unobserved stochastic terms that are assumed to jointly follow a multivariate normal
distribution with zero conditional mean and variance normalized to unity (MVN). For the
six (J=6) alternative activities that we identified, the equation can be specified as:

Vi1 = Xp1Bs + & for j=0 (18)
Yy, = Xpofo + €, Tor j=F

Vi3 = Xp3f3 + &, Tor =N

Yia = Xpafa + &5 for j=L

Yis = Xpsfs + €, for j=C

Yie = XneBe + €y for j=2

A MVP analysis explicitly assumes the error terms correlated and symmetric variance-
covariance matrix with values of 1 on the leading diagonal and correlation pj; = py as off-
diagonal elements; where: (€0, €F, €N, €L, €C, €Z) ~MVN (0,9), is given by:

1 pOF pON pOL pOC pO
pFO 1 pFN pFL pC pFZ
| pPNO pNF 1 pN pNC pNZ |

Q=kpw oLF pIN 1 pic pLz | TO (19)

pCO pCF pCN pCL 1 pCZ
pZ0 pZF pZN pZL pZC 1

The assumption of correlation between stochastic terms implies that farmers’ decision to
participate in one income source affects the decision to participate in another source. The
correlation can be positive (complementarity or synergies) or negative (substitutability or
trade-offs) between income diversification activities. If this interdependence is ignored, the
six equations (18) could be estimated separately employing a univariate model that often
leads to biased estimates. We used the likelihood ratio (LR) test and McFadden (1980) R-
square [=1- (loglikelihood without constraint/loglikelihood with constraint)] (Dries et al.,
2012) to identify the model fits for the systems of equations, and a Wald test to validate the
null hypothesis (Ho) of no correlation across six equations (i.e., off-diagonal coefficients
are all zero) (Hausman, 1978). If the calculated value is between 0.2-0.4, is typically for
logit models, and the rest of values for the MVVP model, implying unobserved independent

variables have no explanatory values (Dries et al., 2012).
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Fractional response model estimation: intensity of income diversification

The Simpson Index of Diversity (SDI) has been widely used to calculate the intensity level
of income diversification in the literature (Ersado, 2006; Mathewos and Nigatu, 2016;
Mekonnen and Edilegnaw, 2019). We used the SDI formula due to relative ease of
implementation and fit to the data at hand, and can be specified as:

SID (y)) = 1-Xi_, W} (20)
Where SID is Simpson Income Diversification Intensity, J is a number of income sources
(6) mentioned above and W; is the proportion of income from the j* sources. The values
(indexes) of SID are bounded between 0 (no diversification or specialization) and 1
(highest diversification). The SDI takes into account both the number of income
diversification sources and the balance of income distribution between sources. The index
reflects the probability that two randomly chosen sources of income will belong to
different categories, thus measuring the extent of diversification. A higher value of the

index indicates greater diversification, while a lower value points towards specialization.

In the literature, the fractional response model (FRM) has been widely applied to estimate
the determinants of intensity of income diversification (Mekonnen and Edilegnaw, 2019;
Mohammed and Fentahun, 2020). The FRM is the extension of the general linear model
(GLM) and simple quasi-likelihood approach for regression models with fractional
dependent variables. It accounts for continuous boundedness [0, 1] or nonlinearity of data
of the dependent variable from both above (more diversification) and below
(specialization) and yields consistent results that other models including Tobit and two-
limit Tobit lack. Moreover, it does not require special data transformation to handle
extreme values of zero and one (Papke and Wooldridge, 2008). Consequently, following
Papke and Wooldridge (2008), the conditional expectation of FRM is specified as:

E(ylx;)) =G(x;B) +v; ,i=1,2,...N (21)
Where 0< y; <1 denotes the dependent variable (SID), the intensity (level) of income
diversification, x; is to be explained by a 1xK vectors of explanatory variables, G (.) is the
standard normal cumulative distribution (CDF), g is a Kx1 parameters to be estimated and

v; IS an unobserved stochastic term.
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3.2.4. Impacts of SAIPs on net farm income: MESR model

The fourth study objective was to evaluate (estimate) the impact of investments in selected
SAIPs on net farm income of farm households at a plot level. Based on data collected, the
selected SAIPs were improved crop seeds, inorganic fertilizers and soil conservation
structures. This leads to eight observed combinations of SAIPs included all the three SAIPs
(V1F1Sy), fertilizers and soil conservation structures (VoF1S;), fertilizers only (VoF1So), soil
conservation structure only (VoFeS1), none (VoFeSp), improved crop variety and soil
conservation structure (V1FoS1), improved crop variety and fertilizers (ViF1Sp) and
improved crop variety only (V1FeSp). We presume that farm households aim to maximize
their utility (net farm income) and consider a latent model for unobserved expected utility,

U;; that farm household i derives from investing in selected SAIPs combination j (with j =
1,2...8) on plot p (Khonje et al., 2018; Horner and Wollni, 2021), is specified as:

Uijp = XijplBs + Xipp¥ij + €ijp (22)
Where X;j, is a vector of observed exogenous covariates that represents household and

plot level features, and institutional climate variables; f and y are vectors of parameters to

be estimated, and ¢;;,, is the random error term.

3.2.4.1. Multinomial logit selection (MNLS) model

Following Mundlak (1978) and Wooldridge (2010) method where the means (Yl-jp) of all
time-varying covariates are included as additional covariates in the multinomial logit
selection (MNLS) model to address the correlation of unobserved factors with explanatory
variables, but not often reported in the result Table. Let U be an index that denotes the
producer’s choice of SAIPs, such that:

(Liff Uj; > max(Ug,) orny <0
m=*1

U =+ ' forallm # j (23)

Jiff Ug; > max(Ugy,) orm; <0
\ m=+J

In the above, n;; = max < 0, equation (23) implying that the it"* farmer will

m;tj(ui*m—ug})
choose SAIP j, to maximize his/her utility (net farm income) if the practice j provides

greater expected profit than any other practice m # j, i.e., 1;; = max ) >0,

m;tj(ug}—ug*m
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assuming that the error terms (¢;;,,) are identically and independently distributed
(Bourguignon et al., 2007). Estimation of impact using MESR needs to follow several
steps. The first step is to make a regression of MNLS model. Following McFadden (1980),
the probability that farmer i will choose SAIPs j from the MNLS model can be specified

as:

exp(X;jBj+Xijv ;)
ij (ny 1X:) Sh=r €x0((XijBm+Xij¥m)) o

3.2.4.2. Multinomial endogenous switching regression (MESR)

Subsequently, the MNLS model in equations (24) is estimated using maximum likelihood
in the first stage. In the second stage, the relationship between the outcome variables and a
set of explanatory variables X is estimated using multinomial endogenous switching
regression (MESR) model for each of the SAIPs choices, i.e., ViFiS; (m=1), VoF1S;
(m=2), VoF1So (m=3), VoFoS: (m=4), VoFeSo (m=5) is the base category, ViFeS; (m=6),
V1F1Se (m=7) and V1FoSo (m=8). For all outcomes Y, the equations for each possible

investment regime m are given as follows:

Regime 1: Yy, = X1 1 + Xj1v1 + wip, if U=1 (25-1)

Regime M: Yiyy = XipBu + Xim ¥V + ing, if U=M (25-m)

Where Y;;  is the outcome variable of interest (net crop farm income in Ethiopian Birr) by
the it" farm household in regime m, X; is already defined, X denotes the average of plot
varying variables (distance, fertility, slope), U;; represents the error terms (unobserved
stochastic component). It is assumed that and E(U;;1X;) = 0 and V(Uj;;|X;) =of. If the

error terms &'s (in the first stage of equation 24) and u's (in the second stage of equations
25) are correlated, OLS estimates in equations (25) are likely to be inconsistent. In order to
attain consistent estimates of f,,, we have to enhance outcome equations (25) by including

selection correction terms (inverse mills ratios) (Bourguignon et al., 2007), specified as:
Regime 1:y;; = X1 + Xuy1 + 03 [pim(Pij) + 2 Pjm(Pij) Win] + Vi1,

if U=1 (26-1)
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Pij
(Pij—1)

Regime M: yiyy = XiuBu + XinVur + 0u | Pram (Pirt) + 2 Pum (Pij) + Vi, f

U=M (26-m)
Where P;; denotes the probability that the i*" household invest in SAIPs of j, p; is the
correlation between u;; and n;; and m(P;;) = [ J(V-logP;) g(V)dV, with J(.) being the
inverse transformation for the normal distribution function, g(.) unconditional density for

Gumbel (exponential) distribution, and V;; = n;; + logP; (Bourguignon et al., 2007). The

right-hand side (inverse Mills ratio) can be substituted by A; = oy |pym(Pim) +

X pMm(Pij)(Pz_—‘zl) , the inverse mills ratio computed from the estimated probabilities in
the multinomial logit process and this suggests that the number of bias correction terms in
each regime (equation) is equal to the number of choice of SAIPs, M. Standard errors are
bootstrapped to account for heteroscedasticity arising from the generation procedures of A.
The correlation between u’s and &’s sums zero, thus the equation of the MESR in equations
(26), yields:

Regime 1: y;; = Xiy By + XiV1 + g, + 9ip, ifU=1 (27-1)
Regime M: yiM == XLMﬁM + YIMVM + AMGM + (piM, |f U:M (27'm)

3.2.4.3. Estimating average treatment and counterfactual effects

In the third stage, the MESR approach stated above is applied to estimate average
treatment on the treated (ATT). An ATT is the expected effects of investing in a certain
combination of SAIPs on a plot. To do this, one has to obtain a valid counterfactual (a
potential outcome) that would have happened in the absence of investment in SAIPs on
plot (Di Falco and Veronesi, 2011). Following Menale et al. (2015), Khonje et al. (2018)
and Horner and Wollni (2021), we estimate actual and counterfactual scenarios as follows:

( E(Yio U =2) = Zpa; + 4,0,

X ' (28-1)
\E(Y;nlU =m) = Z;p 0ty + 1,0

( E(Y,|U=2)=7Za, + A0,

X ' (28-2)

\E (Y;;,|U =m) _ ZimQq1 + A0
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Equation (28-1) represents the actual expected net farm income values for SAIPs users
which are observed in the data, whereas equation (28-2) embodies the counterfactual case,

i.e., the expected net farm income of SAIPs users had they decided not to invest in SAIPs.

Finally, following Setsofia et al. (2022) and Ahemd (2022), the average treatment effect on
the treated (ATT) is calculated as the difference between Equations (28-1) and (28-2):

ATT = E[Yimz|U = 2] = E[Yin1|U = 2] = Zyn(ay — ay) + A2(0, — 01) (29)
In the right-hand side of Equation (29), Z;,, represents changes in the outcome for same
characteristics of SAIPs users and non-users, while 4, represents the selection bias from all
potential effects of difference in unobserved factors. Similarly, the average treatment effect
on untreated, without SAIPS is:

ATU = E[Yyn2|U = 0] = E[Yin1|U = 0] = Zi (a2 — @) + 23(02 — 0y) (30)

3.2.5. Measurement and determinants of cost efficiency of crop farms

The last objective of this study was to examine the level of cost efficiency of smallholder
crop producers and its determinant factors. Developing agriculture in general, crop
cultivation in particular is highly dependent on environmental factors that are often out of
the control of the farmers. These external environmental factors can favor or disfavor crop
production. Thus, a stochastic frontier cost analysis (SFA) approach is more appropriate
than the non-parametric model (DEA) to measuring cost efficiency mainly with survey
data, obtained through recall (Greene, 2008). In order to be useful for policy formulation
and planning, the estimated SFA need to include all the important (inputs and management
practice) variables affecting crop production. Firms/farmers can have different cost
inefficiencies arise from failure to operate at a lowest possible cost, and even the same
farmer could have different inefficiency plot level scores. Following the work of
Kumbhakar and Lovell (2000), cost efficiency is specified as:

Ci = C"(quwi, mi; B,n).exp(e); & =v; + pi(2;8); 4 = 0 (31)
Where C; represents the actual total production cost of plot i per hectare (ha); C* is the
minimum possible frontier cost; g; is the output per plot; w; is the vector of input prices;
m; is the vector of management practices; z; is the vector of covariates that determine
inefficiency; B, n and & are the vector of parameters to be estimated; and ¢; is a composite
error term composed of v;, is a random shock and y;, is a one-sided inefficiency (technical

and allocative) term. The error term satisfies the standard assumptions of normal
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distributions, i.e., v;~N (0, ¢2) and y; - N[0,0(z; 6)?]*, half-normal distribution with
truncation on the left at zero, and parameterization given as, 0% = oy 4+ 07 and y =
02/(o2 + 62), where the gamma lies between zero and one (0 <y < 1). The homogeneity

condition for a cost frontier is satisfied by normalizing total cost and input prices by one of

the selected input prices.

According to Kumbhakar and Lovell (2000), and Greene (2008), management practices as
environmental variables can be included either in the cost frontier or inefficiency models.
The assumption behind the inclusion of management practices (MPs) in the cost frontiers
is that they can directly affect cost of production and hence every plot faces different cost
frontier, and the inclusion of MPs in the inefficiency model affect the degree of cost
inefficiency within the same frontier. Consequently, for this study, it was hypothesized that
MPs affect the distance (input) that divorces the best minimum cost frontier and cost
inefficiency of farmers. We include the investments in joint and individual selected SAIPs
to examine their influence on the cost frontier and inefficiency levels. Hence, the cost
efficiency (CE) level is measured as the ratio of minimum feasible cost (C*) and observed

actual expenditure of production (C), and can be specified as:

_c F(q;wim;pn) exp(v;) _ e
CE= € F(quwim;Bm) exp(vi+u(zi:8)) exp(—i(z;; 6)) (32)

Where, F represents a suitable functional form (Cobb-Douglas or translog) that can be
selected after conducting a loglikelihood ratio test of cost frontier. Because C" must always
less than or equal to C, the CE index is bounded between 0 and 1 (Kumbhakar and Lovell,
2000; Kumbhakar et al., 2015). In this case, CE will achieve its upper bound when a
farmer operates at a minimum cost (C=C"), given the input prices and technology, and

other variables and parameters are described earlier.

In equation (31), the function u;(z;; 6) is an equation relating cost inefficiency (u;) to a set
of explanatory variables (z;) that are hypothesized to influence cost efficiency, and other

parameters are detailed above.
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Translog cost function

As noted above, the two commonly used forms of cost function are the Cobb-Douglas and
Translog. After testing which one is appropriate for the data at hand using log likelihood
ratio test that can be specified as:

LR(A) = —2{In[L(Ho)] — [In(Hy)]} (33)
Where L (Hy) and L (H,) are the values of the likelihood functions derived from restricted
(null) and unrestricted (alternative) hypotheses. This test statistic is assumed to be
asymptotically distributed as a mixture of the chi-square distribution with a degree of
freedom equal to the number of restrictions involved (Taymaz and Saatci, 1997). The null
hypotheses are rejected when the test statistic (1) exceeds the critical value of Kodde and
Palm (1986). Subsequently, the translog form can be the extension of CD. Following
Kumbhakar and Wang (2010), and Kumbhakar et al. (2015), a one-step cost frontier model
with input-oriented cost efficiency can be specified as:

InCi=po+pBylny + %ﬁyy(ln ¥i)? + XRZ1 Bu(Inwy) + %25511 YIS B (Inwy) +

k=1 By Iny; wye +n(my) + u(8z;) (34)
Where In denotes the natural logarithm, K represents the number inputs used, the subscript

i indexes firm/plot/farmer and other variables in the model are defined earlier.

3.3. Definition of Variables and Hypothesis
3.3.1. Institutional arrangements for SAIPs

For the first objective of this study, there is no need to define and hypothesize variables,
because it is based on IAD framework that lacks details regarding the specific variables
that influence interactions among SAIPs stakeholders. Moreover, this objective is mainly
achieved through qualitative and quantitative (mainly from household survey) data, and
case study that can be summarized using descriptive statistics. Instead, it is hypothesized
that institutional arrangements between stakeholders at different levels affect investment in
sustainable agricultural intensification practices. In this study, the institutional
arrangements (action situation) is measured in terms of normative, ideational and finance

(incentive) forms that are detailed above.
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3.3.2. Determinants of SAIPs

3.3.2.1. Dependent variables

The dependent variables in the MVVP model include eight dummy variables corresponding
to investments in improved crop varieties, inorganic fertilizers, pesticides, cereal-legume

rotation, organic fertilizers, drainages, vegetation, and soil conservation structures.

Improved variety: It is defined here as the investment in recently released varieties of
major crops (tef, wheat, barley, maize and faba bean), but recycled at most four seasons for
self-pollinated and ones for cross-pollinated crops (Chilot et al., 2015). It is a divisible
input that can be measured in kilogram, but we used in binary choice (yes/no) depending
on the intended model to be used in the analysis, and hence the binary response was used

in the analysis.

Cereal-legume rotation: It is described here as the use of grain legumes as a
rotation/break crop on their farm/plot. Grain legumes play a great role in smallholder
sustainable intensification as they can fix nitrogen (Menale et al., 2015; Vanlauwe et al.,

2019). It was captured using binary responses (yes/no) to be used in the model.

Inorganic fertilizers: It is defined here as the investment in any of inorganic fertilizers
(Urea and various blended fertilizer types (NPS)) which are considered as soil fertility
management practices with the aim of improving yields and land productivity through its
relevant nutrient supply (Vanlauwe et al., 2014). This variable is divisible and can be
measured in kilogram, but we used binary choice form (yes/no), and hence the second

measure was used in the model.

Organic fertilizer: It is defined here as the use of compost and manure with the aim of
maintaining soil nutrients and health, and improving crop yield (Akalu et al., 2016). It is a
divisible input that can be measured both in continuous form (kilogram) and binary

response (yes/no). The binary response is used for the analysis.

Pesticides: It is defined as the use of at least one fungicide, or herbicide or insecticide or a

combination of them. These days, the use of pesticides as divisible farm inputs is important
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to sustain production and productivity in the face of climate change. It can be measured
both in continuous (liters or kilogram) and binary responses (yes/no), and the later measure

is used for analysis.

Drainage: It is defined here as the use of either ditches or waterways to conserve or drain
rainwater in the field. It is an indivisible practice and can be measured in binary response

(yes/no) and used in the analysis.

Vegetation: It is defined as the use of vegetative plantations to protect the soil from
erosion which includes grass strips, shrubs, fruit trees and broadleaved trees. These
practices are believed to control soil erosion, fix nitrogen and also have other direct
benefits (feed for animals, fruits for markets) and indirect ecosystem service (for example,
pollination) (Di Falco and Veronesi, 2013; Zenebe et al., 2015). It can be measured in
number, however, there is no recommended number of vegetation to be used as agronomic
practices in per hectares term, and hence the binary response (yes/no) is used in the

analysis.

Soil conservation structure: It is defined here as the use of soil conservation practices
includes soil and stone bunds, fanaya juu, and terraces. These practices are believed to
protect soil erosion and maintain the balance of land resources and hence famers are
expected to invest on them (Zenebe et al., 2015; Menale et al., 2015). These are indivisible
practices that can be measured in binary choice form (yes/no) and used in the analysis.

Brief description and measurement of variables are given in Table 2.
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Table 2. Description of dependent variables and measurements

Variables Description Measures
Improved Used improved varieties of wheat, tef, barley, faba 1=yes, 0=no
variety bean and others, but recycled at most four seasons for

self-pollinated and ones for cross-pollinated (maize)
crops

Cereal-legume Used legumes (mainly faba bean, field peas and 1=yes, 0=no

rotation chickpea) as a precursor crop for rotation

Inorganic Used at least one blended fertilizer (NPS/NPSB) or 1=yes, 0=no

fertilizer urea

Organic Used manure or compost 1=yes, 0=no

fertilizer

Pesticides Used at least one pesticide (herbicide, fungicide, 1=yes, 0=no
insecticide)

Drainage Used either ditches or waterways 1=yes, 0=no

Vegetation Used at least one of the forage trees, broadleaved trees 1=yes, 0=no
or grasses

Soil Used at least one practice (terrace, soil bund, stone 1=yes, 0=no

conservation bund, soil-stone bund or fanya juu)

structures

Source: Own description, 2021

3.3.2.2. Independent variables included in MVP model

The choice decision of farm households to invest in a basket of SAIPs is influenced by
several factors. Based on economic theories, empirical evidence, and field observation,
relevant explanatory variables were included in the econometric models (D’Souza et al.,
1993; Dorfman, 1996; Hailemariam et al., 2013; Menale et al., 2013; Menale et al., 2015;
Aryal et al., 2017; Kolady et al., 2021). The explanatory variables included in this study
can be reported as: (1) household characteristics, (2) asset endowments, (3) plot

characteristics, (4) institutional factors, and (5) weather conditions.



80

Household characteristics

Age of the household head: It is a proxy continuous variable for farming experience.
Through experience, farmers may perceive and analyze the problem of soil erosion and
decide to invest in a combination of SAIPs. Thus, older age is often associated with long
years of farming experience and could positively influence investment decisions in SAIPs.
However, studies have shown mixed results. Di Falco and Veronesi (2013) found that age
of the household head positively influence investment in technologies, while Chilot et al.
(2015) reported that age negatively influence the decision to invest in technologies which
may be associated with education, and some other studies found that age influence
positively for some types of technologies and negatively influence for other types of
technologies (Menale et al., 2013: Zenebe et al., 2015). This study therefore hypothesized
that age differently influenced each category of SAIPs.

Education level of the household members: It is described here as average years of
schooling completed by the household members. It is a key variable to understand
technical aspects related to challenges of agriculture (for instance soil erosion) and relevant
solution, and access information, finally make decisions to invest in technologies. In other
words, educated farm family members can understand, analyze, and interpret information
and the advantages of new technologies easily and make joint decision to invest on them.
Studies have shown that education of the household members affects the decision to invest
in agricultural technologies positively (Willy and Holm-Muller, 2013; Chilot et al., 2015;
Kurgat et al., 2018; Million et al., 2019). Thus, this study hypothesized that education

influences the decision to invest in each category of SAIPs positively.

Family size: It is defined here as the number of family members found within the active
economic age groups (between 14 and 65 years). Previous empirical works found that
having a greater number of family members positively influence the level of investment in
agricultural technologies, particularly for investment in conservation practices
(Tesfamicheal et al., 2013; Akalu et al., 2016). But, Million et al. (2019) found a mixed
result (a household with a large family invest in soil bunds but less in stone bunds). This
study therefore hypothesized that family size in working age group differently influenced

investments in each category of SAIPs.
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Sex of the household head: It is described here as a proxy for gender dynamics within the
household. It is an important variable for having more access to resource endowments
(particularly land) and better access to farm inputs and hence influence investment in
agricultural technologies. Men have had more resource endowments that their counterparts
(Willy and Holm-Muller, 2013; Chilot et al., 2015). This study, therefore hypothesized that
gender of the household head may differently affect investments in each category of
SAIPs.

Asset endowments

Livestock holding: The livestock supplements crop production in various ways. It
provides draft power, manure, and transportation. The income obtained from livestock
serves to invest on crop production specially to purchase external inputs such as improved
seeds and fertilizers. The livestock also used as shock absorber because agriculture is a
risky business that is dependent on nature. Previous studies reported a strong relationship
between livestock holding and investment in some SAIPs (Menale et al.,, 2013;
Hailemariam et al., 2013; Willy and Holm-Muller, 2013; Kurgat et al., 2018; Million et
al., 2019). Thus, for this study it is hypothesized that livestock holding positively affects

investment in each category of SAIPs.

Farm income: Cash income from crop output sale is an important element for rural
livelihoods which may affect investments in agricultural technologies. Cash income is
defined here as the income earned from the sale of different crops produced during
2018/19 in Ethiopian Birr (ETB). It was hypothesized that increased cash income
positively influences the choice decision of smallholder farmers to invest in each category
of SAIPs.

Plot characteristics

In this study plots are the units of analysis for most objectives (I, IV and V). This is
because investments in agricultural technologies and practices are mainly shaped by plot
characteristics, and data at a smaller unit allows to a better understanding of agricultural

investments and economic incentives (Akalu et al., 2016).
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Plot distance: It is defined here as the distance from home of the household to each plot
measured in waking minutes. Intuitively, it is believed that near plots can be managed
better than far away plots. Previous studies reported a strong relationship between closest
plot distance and the use of agricultural technologies, particularly sustainable practices
(Zenebe et al., 2015; Menale et al., 2015). Thus, it was hypothesized that plot distance

negatively influences investment in each category of SAIPs.

Plot size: It is defined here as the area of a plot under a specific crop, measured in hectare.
Studies reported a strong relationship between area of a plot and investment in agricultural
technologies (Menale et al., 2015; Zenebe et al., 2015). For this study, it was hypothesized

that the influence of plot size on investments in multiple SAIPs varies among technologies.

Soil fertility status: Soil fertility status of a plot is defined here as the perceived
proportion of area declared to be good or poor in total plot size. It is a proxy for nutrient
content of the soils that initiate or motivate farm households to invest on their plot for
improved practices and technologies. For example, Menale et al. (2013) reported farmers
are more likely to invest in sustainable agricultural practices on plots with poor soil
fertility. Hailemariam et al. (2013) found that farmers are more likely to adopt inorganic
fertilizers on their plots with poor fertility conditions. Letaa et al. (2015) reported that good
fertility status of the soil positively affected the likelihood of using improved common
bean varieties. For this study, it was hypothesized that the influence of fertility status on

investments in each category of SAIPs is indeterminate and varies between technologies.

Slope of a plot: It is described here as the perceived proportion of the area with a greater
slope relative to the total plot size, has a marginal positive effect on the investment in
SAIPs. Previous studies reported a strong relationship between slope of the farm and
investment in sustainable practices; plots with a greater slope have the greater probability
to receive more investment in SIPs (Hailemariam et al., 2013; Menale et al., 2015; Zenebe
et al., 2015). For this study, it was hypothesized that gentle slope negatively affect
investment in sustainable practices, and positively influences investments in purchased

external inputs.
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Institutional factors

Salary: It is defined here as the average monthly salary paid to development agents
measured in Ethiopian Birr (ETB). Better salaries for extension agents can lead to more
consistent engagement with farmers in their designated Kebeles. This increased presence
and regular visits by extension agents, who provide valuable agricultural information and
support, are expected to positively influence farmers' investment in various categories of
SAIPs. Previous studies reported a strong positive relationship between numbers of
extension contact and investment in SAPs (Menale et al., 2015; Million et al., 2019)).
Thus, it was hypothesized that extension agents with better salary stay in their mandate
Kebeles and make regular visit and share information, and hence better salary positively
influences investment in each category of SAIPs.

Training: It refers to the training received by a farm household head on SAIPs during
2019 for 2019/20 cropping season, measured in Yes/No responses. Musa et al. (2017)
showed that training on maize production practices positively influenced investments in a
bundle of SAIPs. For this study, it was hypothesized that training on crop production

positively influences the uptake of each category of SAIPs.

Land certificate: It is defined here as the ownership of a land certificate for the specific
plot under operation by a farm household. It is a proxy for ownership of farm land to build
one’s confidence to perform long-term investments. Security in land tenure found to
influence significantly the decision to make an investment in SAIPs (Menale et al., 2015;
Akalu et al, 2016). For this study, it was hypothesized that security in land tenure through

having a land certificate positively influences investment in sustainable practices.

Access to credit: It is defined here as the credit received by a farm household for
purchasing inputs and farm implements during 2019/20 cropping season. It takes a value of
1 if a household got credit, O otherwise. It can also be measured in terms of the amount of
money received during the survey year. Access to credit is an important source of
financing agricultural activities for the poor farmers and taken as indebtedness. Previous
studies reported a strong positive relation between access to credit and investment in some
SAIPs (Million et al., 2019). For this study, it was hypothesized that access to credit
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facilitates the investment in each category of SAIPs positively by solving liquidly

constraint.

Membership in agricultural cooperatives: It is defined here as the enrollment of a
household member in agricultural cooperatives. It is a proxy for better accessing
information on markets, best practices, inputs and reduce transaction costs. Membership
takes a value of 1 if an adult household member is enrolled in agricultural cooperatives, 0
otherwise. Previous studies reported strong positive relationships between membership
and investment in agricultural technologies (Tesfamicheal et al., 2013). Thus, for this
study, it was hypothesized that membership in agricultural cooperatives differently

influences the uptake of each category of SAIPs.

Agricultural commercialization cluster: It refers to a plot or farm that was consolidated
in a newly established agricultural commercialization cluster (ACC). It takes a value of 1if
a plot is found in ACC, 0 otherwise. It can also be measured in nominal or continuous form
(how many plots or farm area consolidated in ACC). It is a proxy for inputs and markets
accessibility and value-added networks, believed to enable farmers to engage in higher
productivity and market-oriented production (FAO, 2010). ACC was introduced to
Ethiopia in 2015/16 focusing on geographic concentration through cluster approach to
create full package farming. Previous studies reported ACC into food crops
commercialization positively affects the use improved seeds (Ochieng et al., 2016). For
this study, it was hypothesized that ACC positively influences investment in purchased

inputs.

Location: It is defined here as the study region where the household live and the farm
(plot) is found. Regional variation is believed to influence the likelihood of investing in
agricultural technologies. This might be attributed to the differences in institutional setup,
governance structures and networks, and extension efforts. It takes the value of 1 if the
study location or region is Oromia, O otherwise. Various studies considered region as a
dummy variable to show regional variations in resource endowments and organizational
setups (Willy and Holm-Muller, 2013; Chilot et al., 2015; Bekele et al., 2017). For this
study, it was hypothesized that location differently influences investments in each category
of SAIPs.
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Peer farms: It refers to the number of adjacent peer farms where SAIPs have been
practiced prior to the sample farm. It is a proxy variable for learning by observing
(knowledge). The adoption of agricultural technologies particularly land management
practices requires learning by observing and evaluating the ends before actually
implementing the practices, because learning by observing is better than doing directly (a
strategy for minimizing risks). Previous studies reported a strong relationship between the
existence of peer farms and investment in sustainable agricultural technologies
(Tesfamicheal, et al., 2013). For this study, it was hypothesized that the number of
adjacent peer farms positively influences investment in each category of SAIPs.

Climate variables

In developing countries like Ethiopia, measuring the distribution of rainfall and
temperature under household and plot level condition is difficult. However, rainfall and
temperature data at a kebele level sourced from the National Metrological Agency can be
matched with GPS records of coordinates from the survey can serve at least as a proxy for

actual rainfall and temperature data.

Rainfall: Rainfall (RF) refers here to the coefficient of variation (CoV) of rainfall for a
recent decade (1981-2018). Rainfall variability may influence farmers’ choices of SAIPs.
For some technologies, minimum or maximum RF affect investment, hence various forms
of RF were checked for validity. Previous studies reported a strong relationship between
rainfall and investments in a type of agricultural technology (Solomon et al., 2016;
Hailemeriam et al., 2017). For this study, it was hypothesized that the influence of rainfall

in terms of CoV on investment in each category of SAIPs is indeterminate.

Temperature: It refers here the coefficient of variation of maximum temperature for a
recent decade (1981-2018). It was checked for validity by using the maximum temperature.
Empirical evidence has shown a strong relationship between investment in agricultural
technologies and average temperature (Solomon et al., 2016; Hailemeriam et al., 2016).
For this study, it was hypothesized that CoV in maximum temperature differently

influences investment in each category of SAIPs.
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Other variables

Perception about land degradation/soil nutrient depletion: It refers here to the
perception of farm households towards the presence of land degradation/soil nutrient
depletion problem in major proportion of his/her plots before making any kind of
investment, particularly long-term investments on their plot. It takes a value of 1 if a
household head perceived soil nutrient depletion problem in his/her farm plot, and 0
otherwise. A farmer who perceives presence of soil nutrient depletion on his/her plot is
more likely to use sustainable practices. Million et al. (2019) and Willy and Holm-Muller
(2013) reported a strong relationship between farmers’ perception towards land
degradation and investment in sustainable practices. Thus, it was hypothesized that

farmers’ perceptions of land degradation positively influence investment in SAIPs.

Income diversification: It refers here to the intensity/extent of income diversification
activities indexed using Simpson Index of Diversity (SDI). The six income diversification
activities such as off-farm, forest, non-farm, livestock, crops and other sources are
considered, and each measured in ETB. The values of the proportion from these income
sources are bounded between 0 (no diversification where crop farming is the sole source of
cash income) and 1 (highest diversification). Income diversification is recognized as the
strategy to make the farm business permanently viable and survival and believed to
facilitate investments in conservation activities (Salafsky and Wollenberg, 2000). For this
study, it was hypothesized that income diversification differently influences investments in
each category of SAIPs. Brief summary description, measurement and expected signs of

the above explanatory variables are presented in Table 3.
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Table 3. Variables included in MVVP model for investments in SAIPs

Variables Description and measurement

Continuous

Age Age of the household head in years

Education Average years of schooling of the household members

Family size Family size in number of working-age groups

Livestock Livestock holding in tropical livestock unit (TLU)

Plot size Size of the plot under consideration in ha

Temperature Point (kebele level) historical (1981-2018) maximum temperature in
coefficient of variation (456 observation)

Rainfall Point (kebele level) historical (1981-2018) rainfall in coefficient of

Plot distance
Diversification
Income

Salary

Peer farms
Dummy

Sex

Certificate
Credit

ACC

Membership

Soil fertility status

Slope of the plot

Location
Perception

Training

variation (456 observation)

Distance of the plot from a residence in waking minutes
Intensity of income diversification (index) (%)

Cash income earned from crops sale (1000 ETB)
Monthly salary of the development agents (1000 ETB)

Number of adjacent peer farmers reported

Sex of the household head (male=1, female=0)

If a household had a land certificate for his/her plot (Yes=1, No=0)
If a household received credit to buy inputs (Yes=1, No=0)

If a household had at least one plot in agricultural commercialization
cluster (Yes=1)

Household’s membership to agricultural cooperative (Yes=1, No=0)
Good (Yes=1, No=0)

Poor (Yes=1, No=0)

Gentle (Yes=1, No=0)

Steep (Yes=1, No=0)

The study area (Oromia=1, Amhara=0)

A household perceived that a plot was degraded (Yes=1)

If a household received training on crop production (Yes=1, No=0)

Source: Own survey, 2021
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3.3.3. Variables for the determinants of income diversification

3.3.3.1. Dependent variables

The dependent variables used in the second MVP model refer to income diversification
activities in which farm household allocate their labor force. At the household level, we
distinguish six types of income diversification as opposed to crop-livestock farming,
namely, on-farm income that we have divided into crop, livestock and forest incomes
earned by household from its own farms, off-farm income (agricultural wage income
earned by household outside own farm), non-farm income (income earned by household
from at least one of petty-trade, pension, non-farm wage, salary and artisan), and other
income in which we have added the income from at least one of interest from saving,
renting (asset), and remittance. The suitable of each description depend on specific context.
Consequently, household income is defined as the return to labor and capital owned, used
in income generating activities or sold in a market. All prices and wages for sold products

and services were obtained from respondents and communities.

We consider crop income as a source of income because the literature evidences increased
commercialization for most cereal crops (see, for instance, commercialization studies by
Gutu (2017), Minot et al. (2021) and Tariku et al. (2021)). In this study, crop income is
both a dummy variable which takes 1if a household earned income from the sale of crops
during 2019/20, O otherwise for use in a MVP model, and continuous measured in
Ethiopian Birr (ETB) for use in descriptive statistics and FR model estimation. Livestock
income is both a dummy and continuous variable which takes 1 if a household earned
income from the sale of at least one livestock product (milk, butter, cheese, cow dung, and
culling live animals), O otherwise. Forest income is both a dummy and continuous
(measured in ETB) variable which takes 1 if household earned income from the sale of
non-timber forest harvest product, 0 otherwise, and other dependent variables used in MVP
model are detailed in above and the measurement follows the same approach. The
dependent variable used in FR model refers to the intensity of income diversification
calculated using the Simpson Diversification Index noted above which is found between 0
and 1.
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3.3.3.2. Independent variables

In this study, most of the explanatory variables used for the determinants of income
diversification are detailed in above. Based on review of literature, the following variables
were hypothesized to affect choice decisions and intensity of income diversification (see
Table 4).

Land holding size: It refers to the size of own land that is often measured in continuous
form using hectares. Previous studies reported that land holding positively influenced
income diversification into on-farm and non-farm sources (Amare and Belaineh et al.,
2013; Danso-Abbream et al., 2020). This might not be holding true in the case where a
farm household participates in multiple income sources. For this study, it was hypothesized
that it differently influences the decision to participate in each category and intensity of

income diversification.

Education: It refers to completed years of formal education of the household head. It is a
proxy variable for an investment in human capital that enables households to acquire and
process information and make decisions to participate in varied income diversification
activities through their family labor and other scarce resources allocation. For this study, it
was hypothesized that education positively influences the choice decision to participate in

each category and intensity of income diversification activities.

Distance to closest main market: It refers to the distance to the nearest main market for
input and outputs from the residence of the farm household, measured in waking minutes.
Distance to the nearest markets can influence farmers’ decisions in using farm technologies
by having better access to information, availability of alternative technologies, influence
both input and output markets and save time for farm activities. Previous studies reported a
strong relationship between distances to markets and using sustainable intensification
practices (Menale et al., 2013; Menale et al., 2015; Koppmair et al., 2017). For this study,
it was hypothesized that long distance to the nearest main market has a negative effect on
the participation in each category and intensity of income diversification activities.

Distance to the capital town: It refers to the distance from the residence to the capital

town. It is a proxy variable for market access and credit, because most credit institutions
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concentrated in capital towns. Andualem and Umer (2023) indicated that distance to
market from the residence negatively affected livelihood diversification. For this study, it
was hypothesized that long distance negatively influences the decision to participate and

intensity of income diversification activities.

Sustainable intensification: It refers to the use of SAIPs indexed from the count of
technologies used, mainly used as proxy for the physical agricultural capital and extent of
investment in SAIPs (Solomon et al., 2019). For this study it was hypothesized that
investment in a greater number of SAIPs positively influences the decision to participate in

each category and intensity of income diversification activities.

Food insecurity: It is defined here as facing food shortage from June to October (for five
months). It is a dummy variable that takes 1for food availability and 0, otherwise.
Mathewos and Nigatu (2016) indicated that food for work (designed mainly for food
insecured households) positively affected income diversification. For this study, it was
hypothesized that food insecurity positively influences the decision to participate in each
category and intensity of income diversification.

Joint decision: It is defined here as the joint decision making of the household head and
his/her spouse on households’ participation in multiple 1D activities. Joint family decision-
making is the ultimate control process of resources in the family requiring their interaction,
particularly with natural resources (Ali et al., 2014). It is a dummy variable and takes a
value of 1 if the head and his/her spouse decided jointly, 0 otherwise. For this study, it was
hypothesized that joint decision positively influences the decision to participate in each
category and intensity of income diversification. Brief summary of the description and
measurement of all explanatory variables used in both MVP and FR models are presented
in Table 4.



Table 4. Variables included in MVP and FR models for income diversification

Continuous variables

Description and measurement

Age

Education

Family size

Livestock holding
Landholding

Distance to the main
market

Distance to the capital
town

Rainfall

Temperature
Sustainable practices
Income

Sex

Food insecurity
Credit

Agricultural clustering
Joint decision
Cooperative

membership

Study location

Age of the household head in years

Years spent in formal education for the household head
Total household number of the productive age, 15-64 years
Livestock holding in tropical livestock unit (TLU)
Landholding in hectares

Distance to the main market in walking minutes

Distance to capital town in walking minutes

Point (kebele level) rainfall in coefficient of variation (1981-
2018; 456 observations)

Point (kebele level) maximum temperature in coefficient of
variation (456 observation)

Use of sustainable agricultural practices (indexed values)
Annual income earned from all income sources (1000 ETB)

1, if household head is male and O, otherwise

1, if household seasonally faced food shortage from June to
October (availability) and 0, otherwise

1, if household received credit for income diversification and
0, otherwise

1, if household had at least one plot consolidated in agricultural
commercialization cluster of any crop and 0, otherwise

1, if household made joint (head-spouse/elder) decisions to
diversify income sources and 0, otherwise

1, if a household has joined in any agricultural cooperative and
0, otherwise

1, if a household is from Oromia and 0, Amhara

Source: Own survey, 2021
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3.3.4. Variables for impact evaluation

3.3.4.1. Dependent variables

The treatment variables considered for this study are investment in improved seeds,
inorganic fertilizers, soil conservation structures, and five observed combinations such as
V1F:S; (all three), VoF:iS; (fertilizer and soil conservation), VoFoSo (local), V1FeS:

(improved seed and soil conservation) and V1F1Sy (improved seed and fertilizer).

The outcome variable considered was net crop farm income measured as the value of crop
output less production costs in Ethiopian Birr per hectare (ETB/ha). The gross farm income
was measured as the value of total produce in ETB/ha and the production cost was
measured as the value of all inputs (seed, fertilizers, labor, pesticides, oxen power and
land) in ETB/ha, i.e., it was obtained by valuing the amount of inputs used at the local
average market price and wage rate per day (by taking the opportunity costs for family

labor, oxen power, own seed and land).

3.3.4.2. Independent variables

The independent variables included in MESR model for net crop farm income evaluation

were detailed under 3.3.2.

3.3.5. Variables used in cost inefficiency estimation

3.3.4.1. Definition of structural variables for cost of production

In the cost frontier function, cost is the total expenditure to produce a given output
measured in Ethiopian Birr. Output refers to the physical harvest of main cereals (wheat,
tef and barley) measured in kilograms. Factors of production refer to the major inputs used
in the production of cereals including land, seed, and fertilizer, human labor, oxen power,
and pesticides. Land represents the physical unit of cultivated cereal farm in hectare. Seeds
represent the amounts of both local and improved variety of each cereal crop. Fertilizers
refer to the amount of both inorganic fertilizers including NPS and Urea in kilograms.
Human labor refers to man-days of family, hired and exchange work used for land

preparation, planting, weeding, harvesting and threshing. Oxen power refers to the oxen
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days used for land preparation and planting. Pesticieds refer to the amount of one or more
of fungicide, insecticide and herbicides either in kilogram or liter. The quantities of these
inputs and the corresponding prices are used in calculating the total expenditure of

production.

Input prices were used in the cost frontier instead of the expenditure spent on each of the
inputs. Price of land refers to the annual land rental price per hectare paid based on land
quality classes namely poor, medium and good measured in Birr. Price of seed and
ferilizers refer to the average prices of local and improved seeds, and NPS and Urea
measured in Birr per kilogram, respectively. Price of pesticides refers to the average value
of fungicide, insecticides and herbicides used calculated by dividing the total cost to
amount of chemicals used, which represent the price of pesticides in Birr per kilogram or
liters. Wage rate refers the amount of money paid for human unskilled labor in Birr per
man-day. A man-day refers to the amount of work one person can complete in a day. Data
cleaning was performed to ensure that the unit of measurement of some variables is
consistent with the study objectives and the quality of data is satisfied. For example, the
average prices of traditional labor and animal draft power was used due to the intertwined

nature of these inputs and lack of market prices for separate use of oxen power.

In addition, selected combination of SAIPs were included in the cost frontier hypothesizing
that the use SAIPs can either reduce or increase the actual expenditure towards or outwards
the minimum cost frontier. The use of a combination of organic fertilizer (manure and/ or
compost), legume-cereal rotation and soil conservation structures; joint use of improved
seeds, legume-cereal rotation and inorganic fertilizers; and the total number of sustainable
land management practices were considered in cost frontier model. Table 5 presents the
lists of structural and management variables used in cost frontier function in the natural

logarithmic form.
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Variable notation Variable description and measurements Posited
sign

Structural variables

Ln (G;) Natural log of total crop production expenditure in ETB/ha

Ln (land price) Natural log of rental price of land averaged based on land +
quality (poor, medium and good) in ETB/ha

Ln (seed price) Natural log of seed price averaged based on seed type +
(improved and local) in ETB/kg

Ln (Fertilizer price) ~ Natural log of fertilizer price averaged based on fertilizer +
type (NPs and Urea) in ETB/kg

Ln (Pesticide price) Natural log of pesticide price averaged based on pesticide +
type (herbicide, fungicide and insecticide) in ETB/lit

Ln (labor + draft Natural log of average labor and oxen wage in ETB/day +

power price)

Ln (Output) Natural log of crop output +

Selected SAIPs

Joint use of SAIPs 1=if a household used improved seed, fertilizer and rotation, +-
0 otherwise

Joint use of SAIPs 1=if a household used manure, drainage and soil
conservation, 0 otherwise

Proportion of SAIPs  Indexed by dividing the number of SAIPs used by the total +-

number of SAIPs (8)

Source: Own survey, 2021

Independent variables: Most of the independent variables used in stochastic frontier

model were detailed in above. For this study, it was hypothesized that those variables

influence cost efficiency of smallholder crop farmers at the plot level (see Table 6). In

addition, two variables namely distance to health center and drainage was included as

factors of cost efficiency.

Distance to health center: It refers to the walking distance from a residence to the nearest

health center where the households commonly visit to get basic health services. It is a key
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factor of cost efficiency in terms of agricultural time and income forgone besides its costs
of sickness. The study by Allen et al. (2013) showed that the distance from household’s
residence to the health center affected farm labor productivity. They elaborated that
unexpected illness of farm households particularly in the rainy season significantly affects
farm labor productivity. It was measured in walking minutes. For this study, it was
hypothesized that distance to health center positively influences cost inefficiency or

equally it negatively influences cost efficiency.

Drainage: It refers to soil and crop management practices to reduce the losses from
waterlogging. Waterlogging remains an important constraint to cereal production across
the world in areas with high rainfall like the Ethiopia highlands. The study by Karimov
(2014) found that poor drainage systems significantly affected input use efficiency. For
this study, it was hypothesized that drainage positively influence cost efficiency of farm
households at the plot level. Brief description and measurement of all variables used in

stochastic frontier cost function are presented in Table 6.
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Variables Definition and measurement Expected
sign

Gender 1= a household head is male, O otherwise +/-

Age Age of the household head in years +/-

Education Average years of schooling of the household members +

Family size Family size in the number of working age groups (15-64 +
years)

Education * family Interaction between average education & family size (years) +

size

Membership 1= at least one household member is enrolled in cooperative, 0+
otherwise

Credit 1= a household received credit, 0 otherwise +/-

Salary Average monthly salary of extension agents (ETB) +

Diversification Extent of income diversification measured by Simpson +
diversification index

ACC 1= a plot was in agricultural commercialization cluster, 0 +/-
otherwise

Distance to market ~ Distance of the main market in waking minutes -

Distance to health Distance of the health center (where households get basic -

center health services) in waking minutes

Distance to plot Distance of the plot from a residence in waking minutes -

Plot size Size of the plot in ha +/-

Fertility 1= a plot was perceived to have medium fertile soil, 0 +
otherwise

Slope 1= a plot was perceived to have a medium slope, 0 otherwise  +

Drainage 1=a plot received drainage (water ways), 0 otherwise +

Source: Own survey, 2021



97

4. RESULTS AND DISCUSSION

This chapter of the dissertation presents the findings of the study and discusses the results
by comparing them with the findings of past studies with similar topics. This chapter is
organized under six sections and many sub-sections under each main section. The results
of institutional arrangement for the implementation of SAIPs policy from Institutional
Analysis and Development (IAD) framework are presented in the first section. In the
second section, descriptive analysis results for the variables used in four models are
presented. Multivariate probit and ordered probit model results for investments in SAIPs
are presented in the third section. In the fourth section, MVP and fractional response model
results for the determinants of income diversification activities are presented. In fifth
section, estimates of impact of selected SAIPs on net crop farm income are briefly
presented. Stochastic frontier cost function regression results are presented in the last

section.

4.1. Institutional Analysis Results

This section presents the study's results by applying the Institutional Analysis and
Development (IAD) framework to examine institutional arrangements related to the
implementation of policies for SAIPs. While a number of frameworks have dealt with
policy and institutional processes, the IAD framework has gained wider practical
importance due to its recognition of linkages between policies, institutions and their

arrangements.

4.1.1. The Context

Following the 1IAD framework, the situations in the study area can be categorized under
internal, external and embedded. Internal situations pertain to asset endowments of farming
communities (both biophysical and socioeconomic). External situations are those that
influence the farming community from outside (politics and policy). The embedded
situations are those that the farming community possesses habitually and are difficult to
alter in the short-run namely customs and traditions. Embedded conditions are important in
the context of existing institutional arrangements. For example, farmers traditionally

conserve their farm lands through contour plowing and rotation.
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4.1.1.1. Biophysical context

In the study area, land resources are scarce with average farm size at 1.87 ha per
household. Survey results indicated that own land holding varies across study zones and
even among kebeles. The average land owned by the farm households was 2.2 ha in West
Shewa zone of Oromia region, but 1.6 ha in North Shewa zone of Amhara region. Figures
7 and 8 present farm land ownership types and land use patterns of the study areas. Share
infout and rent in/out represent the second most important forms of informal land

possession, marketing, or property rights in the study area.

B Own land
m Rented/shared in/out

m Gift

Figure 7. Farm land tenure (operational)

Regarding land use patterns, tree planting is the second most important land use pattern

following annual crops (Figure 8).
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Figure 8. Land use patterns

Table 7 presents the land tenure and fertility status of the farming plots by study zones.
According to survey data, less proportion of plots had good fertility status implying the
majority of plots are less fertile and degraded. The majority (84%) of farm lands in north
Shewa zone of Amhara region are less fertile. This may be due to rugged mountainous
terrain, gorges and valleys characteristic of the area. In Oromia, a larger proportion of plots

(35%) are operated under informal land marketing systems compared to Amhara.

Table 7. Farm plot characteristics by study areas

Plot features Study zones (%) v*-Value
West Shewa  North Shewa

Good fertility status (Yes) 36 16 79.22%**

Own plot (Yes) 65 83 63.69***

Had land certificate (Yes) 80 93 48.54***

Source: Own analysis and survey data

4.1.1.2. Socioeconomic context

Table 8 presents the estimated population, posted areas and population density of the study

regions and zones. With a total land area of approximately 353,006.61km? and estimated
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total population of 41,946,984, the population density of Oromia region in 2023 was 119
persons per square kilometer. Similarly, with a total land area of approximately
159,173.66km? and estimated population of 23,819,616 (CSA, 2007), the population
density of Amhara region in 2023 was 150 persons per square kilometer, and this density
represents a 26% difference compared to the Oromia region. However, in 2023, the
population densities were 216 and 159 persons per km? in West Shewa zone of Oromia and
North Shewa zone of Amhara, respectively, which indicates that the population density in
West Shewa is higher than North Shewa irrespective of land suitability for farming and
residing.

About 38% and 36% of the households falls in the category below poverty line groups in
Oromia and Amhara regions of Ethiopia, respectively (Getachew, 2021; Tseday and Tarp,
2021). Literacy levels are also low with low demand for high school and higher education
levels given the poor economic status and backward tradition. About 53% and 54% of the
population are literate in Oromia and Amhara regions respectively (ESS and WB, 2023).
According to the recent literature, the average rainfall in the study villages ranges between
790.3 mm and 1765.1 mm in North Shewa zone of Amhara regional state (Wagaye and
Antensay, 2020), and also ranges between 650 mm and 1750 mm in Oromia regional state
(Abera et al., 23; Wondwosen et al., 2023). These weather variables are important for

smallholder nature dependent farming.

Table 8. Population density of study regions and zones (2023)

Variables Unit Regions Zones
Oromia Amahara West North
Shewa Shewa
Population Number 41,946,984 23,819,616 3,200,189 2,528,302
Area Square 353,006.61 159,173.66 14,788.78 15,936.13
kilometer
Population Number/km? 119 150 216 159
density

Source: Posted by CSA (2023)
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Table 9 presents the average annual cash income of the sample households by livelihood
typology in the study areas. Crop farming is the largest occupation, which provides
substantial earnings for the household followed by livestock production. The significant
difference from crop farming earnings between the two study zones/regions is mainly
attributed to the difference in entreprise choice, productivity and market access. The low
contribution of off-farm is mainly due to the availability of non-farm sources and
migration into urban areas. The results indicated that the contribution of agriculture is

much higher than other livelihood typologies.

Table 9. Composition of livelihoods

Typology Income by study zone F-Value
West Shewa (N=193) North Shewa (N=192)
Avg. income (ETB/HH)  Avg. income (ETB/HH)

Crop farming 29,741 14,181 56.22***
Livestock 15,073 14,025 0.17
Forest 1,211 1,308 0.03
Non-farm 4,969 5,179 0.01
Off-farm 355 196 1.05
Other sources 1,810 1,116 1.46
Total income 53,159 36,005 19.45***

*** and ** mean significant at 1% and 5% probability levels, respectively

Source: Own Survey data analysis

4.1.2. Policies and institutions for SAIPs

4.1.2.1. Policies

Policies on agriculture and rural development under different political regimes reveal their
significances and contribution to economic development. During the imperial era, policies
favored industrial sectors neglecting agriculture, and evident by land insecurity and
concentration. During the derg regime (1974-1991) policies favored collective and state
farms neglecting smallholder agriculture. Agricultural policy reforms have been frequently

changed after three and half decades within the Ethiopian economic reforms. Agricultural
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policy changes emerged since the early 1991s. Policy changes during the early 1900s were
mostly limited to agricultural intensification. Most of the agricultural policies are not
concrete polices to encourage investments in SAIPs although there are some common
guidelines and directions, objectives and approaches. Table 10 presents agricultural
policies set by the central government of Ethiopia. These policies include fertilizer policy,
Agricultural Development Led Industrialization, rural development policy, Agriculture
Sector Policy and Investment Framework, land and land use policy, market policy, climate
resilient policy, participatory extension and strategy, environmental policy and ten

commodities in ten years program.

In Ethiopia, input supply policies set in the early 1990s towards a free-market dismantled
the monopoly of fertilizer markets (Spielman et al., 2011). This was also part of market
policy of Ethiopia. Consequently, several private wholesalers and retailers emerged in the
1990s. However, these private legal entities quickly exited and were replaced by large
ostensibly private holding companies with strong government ties. Moreover, most
agricultural policies are state-led policies that unable to sustain the supply and use of
agricultural inputs and technologies. Agricultural experts in the study area reported that the
application of technologies was mainly based on blanket recommendations across diverse
environmental conditions, resulting in sub-optimal use of inputs. Additionally, the input

supply system failed to address the timeliness and quality of input distribution.

Agricultural Led Industrialization (ADLI) policy has remained the main strategic
framework guiding Ethiopia’s industrial and manufacturing development since 1993.
ADLI primarily focuses on improving agricultural production and productivity for
improved income and livelihood of smallholder farmers and the expansion of large-scale
irrigated private commercial farms in the lowlands (Belayneh, 2015). ADLI envisaged
increasing packages including improved practices, seeds and inorganic fertilizers, and the
development of infrastructures, but less focus on sustainable practices. ADLI was
complemented by sustainable development and poverty reduction program (SDPRP),
which covered three years (2002/3-2004/5), followed by the Plan for Accelerated and
Sustained Development to End Poverty (PASDEP), which covered five years (2005/6-
2009/10), and GTP I and Il. These programs also focused in less environmentally friendly
green economy. The implementation of ADLI was not as expected due to a number of

factors such as low allocation of budget for research and development as compared to
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agriculture’s GDP contribution, lack of integration between policies and implementing
institutions (Ahmed et al. 2019).

Given the dominance of agriculture in the Ethiopian economy for decades, the rural
development efforts have been directed by rural development policy. This policy was set to
fulfill the economic development of the country which requires a comprehensive rural
development vision. It was a means for ensuring economic growth, enhancing benefits of
the people, eliminating food aid dependency, and promoting market-oriented economy
(Abate et al., 2018). This policy and strategy had directions such as labor-intensive
strategy, proper utilization of farm land, considering different agro-ecological zones, and
following integrated development path. Improving the skills of farmers through schooling
and education facilities, ensuring health of the farmers through health infrastructures,
facilitate marketing through road and market infrastructures, dissemination of
technologies, and conserving natural resources are the main objective and function of rural
development policy and strategy (Abate et al., 2018). However, a little has been done due
to lack of integration of policies and strategies as well as implementing institutions, and
absence of public-private partnerships for policy implementation.

The agriculture sector policy and investment framework (PIF) launched in the 2010s as a
five years strategy to complement GTP Il in which its objective was contributing to the
Ethiopian growth model of Ethiopia’s achievement of middle-income status by 2025. The
primary aim of PIF was to sustainably increase productivity and production, and improves
income and food security through commercialization, natural resources and risk
management. This policy is directly related to activities of SAIPs in that it comprises
multiple activities. And hence, its enforcement and effectiveness lie in the integration of
inter-sectoral linkages. This strategy was poorly implemented because stakeholders and
institutions failed to produce administrative modalities and guidelines, and steps necessary
for policy implementation, and the system lacked harmonization for coordination. PIF is
also poorly known by its actors and not fully appreciated. Further, most policies were
given little attention and have not succeeded in achieving their objectives (Chipeta et al.,
2015).

Historically, land and land use policies have been considered as an important economic

and political factor to affect economic development. The pre-1974 imperial regime
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followed a feudal agrarian structure where a few land lords owned more lands and the
majority of farmers became tenants. In 1975, Derg declared that “all land is state property”
with a strict top-down of land use planning. In 1995, Ethiopian People’s Revolutionary
Democratic Front (EPRDF) maintained land is state property. The constitution of Ethiopia
states that ownership of all land is “vested in the State and in the peoples of Ethiopia and
shall not be subject to sale or to other means of exchange”. As a legal framework,
stakeholders at federal, regional, and local levels are expected to follow the same
procedure of land administration and use. Lack of coordination between stakeholders,
detailed roles, guidance, legal enforcement, political commitment, and capacity to
implement land and land use policy were mentioned the major problems for investments in
SAIPs. Secure tenure is believed to ensure sustainable use of land resources and
investment in multiple technologies (Chipeta et al., 2015). Rural land policies commonly
focused on poverty reduction, sustainable agriculture and settlement. For this policy, the

key issues are farm size, land fragmentation and smallholder production.

Trade liberalization was one of the marketing policies set by the central government of
Ethiopia to encourage private sector participation and improve market access for farmers,
and increase their income, as noted above. In reality, market distortions are common both
in input and output markets and it is often under the control of the public. Most markets are
not governed by demand and supply forces. Smallholder farmers in the study areas
reported that the policy was not effective to access markets for them and reduce marketing
or transaction costs. Most agricultural markets involve several intermediary agents that can

reduce the benefit of both producers and consumers.

Climate Resilient Green Economy (CRGE) was set to reach middle-income, resilient to the
adverse impacts of climate change through investments in technologies and natural
resource management (Paul and Weinthal, 2018). This policy is supported by two
strategies namely green economy and climate resilience in the agriculture sector. It focuses
on the agriculture and forestry sectors due to their importance to the national revenue and
livelihoods. CRGE policy implementation is directly related to the implementation of
SAIPs in that it focuses in sustainable practices. However, this policy was not effective
due to several challenges such as lack of a framework for environmental management,
institutional and policy integration, incentives and markets, and information (Danyo et al.,

2017). Environmental policy, the predecessor of CRGE policy was set by the central
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government with the goal to improve and enhance the health and quality of living of all
Ethiopians, and promote sustainable economic development through prudent use of natural
resources (land, water, forest and ecology) management. These two polices are directly
related to policies of sustainable agricultural intensification through enhancing investments

in sustainable land management and modern technologies.

Historically, Ethiopia has implemented several agricultural extension approaches at
different times aimed at helping rural households. The extension system is expected to
facilitate adoption and utilization of yield increasing technologies, natural resource
conserving practices and livelihood improving methods and approaches. A new extension
approach, Participatory Demonstraion and Training Extension System (PADETES) has
been adopted in 1995. Since 2010, Ethiopia has continued implementing participatory
extension system (PES) following the implementation of the first Growth and
Transformation Plan (GTP-I) (MoANR, 2017). The extension system has also followed
watershed and full-package extension service provision approach to improve farmers’
participation. Improving environmentally sustainable agricultural practices was one of the

focuses of the Ethiopian extension system.

However, the recent extension system is blamed for using extension as an instrument of
political control by giving non-professional assignments for development agents and
experts that burdened them to reach more farmers and give quality extension services, and
following a top-down approach and lacked private sector participation (Kassahun and
Poulton, 2014; Mathewos, 2016; Guush et al., 2018). The system is also constrained by
continuous turn-over of development agents that makes the system inefficient and
ineffective to facilitate adoption of multiple agricultural intensification technologies and
practices that the time demands. Moreover, the extension system is mainly based on
blanket recommendation of technologies by ignoring spatial variability in soil fertility and
climatic conditions in the country (Tambo and Matimelo, 2021). Further, institutional
instability in terms of frequent splitting and merging has constrained the effectiveness of
extension. Investments in sustainable agricultural intensification technologies and practices
require an array of land management strategies tailored to farm-typologies rather than

blanket recommendation across varied farms (Chikowo et al., 2014).
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Based on discussions with district and kebele-level experts, there was a slight difference in
the allocation of human resources at the kebele level between the Oromia and Amhara
regions in the study location. In the Amhara region, development agents (DAS) in the study
kebeles typically hold a first-degree qualification and receive an average monthly salary
exceeding 10,000 Birr. In the Oromia region, DAs in the study kebeles generally have a
qualification level of 10th grade plus Level 4 certification and receive an average monthly
salary of less than 6,000 Birr. This difference might affect the quality and amount of
extension service provided particularly for sustainable agricultural practices. There was
also a difference in the arrangement of disciplines between two regions. For example, in
Amahara region, agronomy, crop development and crop protection were dependent and
organized in one name, whereas in Oromia region, these disciplines were organized

independently into separate processes.

The policy and programs (10) on ten-in-ten commodities was launched very recently
(2021) targeting ten commodities for the next ten years (starting from 2021). These
commodities are wheat, rice, oilseeds, vegetables, green legacy (on selected fruit trees),
coffee, poultry, dairy, red meat and enabling policy reforms on inputs and irrigation.
Despite having a robust framework of policies, programs, and strategies, the limited
capacity of institutions to effectively implement these policies remains a significant barrier.
Accordingly, there is a need for policy integration and stakeholder coordination to address
the complexity of implementing Sustainable Intensification (SI) in the study area. The
development and promotion of Sl needs policy integration due to the complexity of
policies and stretegies to implement. This complexity needs the full coordination of
stakeholders. All relevant institutions (organizations in this case) are required to be
coordinated through several forms of institutional arrangements to effectively implement

SAIPs policies.
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Policies Objectives Approaches to SAIPs Sources
Fertilizers policy Enhance production and Use of inorganic fertilizers
(1986, 1991, 2009 EC)  productivity, Food self- is part of SAIPs
comprehensive national  sufficiency and reduce poverty
fertilizer
Agricultural Enhance productivity through ~ Use of improved seeds, IFPRI,
development led intensification, and achieve chemicals, and packages 2007
industrialization (1991- food security and reduce
1993) poverty. A roadmap
Rural and agricultural Promote market-oriented Market orientation helps MoFED,
development policy economy, enhance economic farmers to invest more in 2003
(2003) growth and income, ensuring SAIPs. Development of
farmers health and education. Infrastructures (roads and
markets)
Ethiopia’s Agriculture ~ To sustainably increase rural Investing more in research  MoOARD,
Sector Policy and incomes & improved food and development based on 2010
Investment Framework  security (produces more, sell CAADP promise (>10%
(PIF): Ten Year Road  more, nurture the GDP)
Map (2009) (2010- environment). Reduce
2020) and strategies degradation & improve natural
resources base
Land and land use To access farm land and ensure  Laws and regulations EEA,
policy (1975, 1995, proper use of land & keep not initiate investments in 2021
2005) (reform- to deplete technologies (particularly
constitutional) long-term)
Market (trade) To encourage private sector Increased income Kebede
liberalization (1991) participation, improve market ~ motivates farmers to invest et al.
access and income in SAIPs 2011;
Climate resilient green To address the negative Investment through FDRE,
economy (CRGE) 2012 impacts of weather variability  climate smart and 2012
on agriculture build a middle-  Watershed approach
income economy by 2025 (multiple practices)
Participatory extension  To provide full-package Full package use including MoANR,
system (2010); extension service through land management practices 2017
Agricultural extension  pluralistic approach (1As).
strategy (2017) Attain food and nutrition
security, and enhance SAPs
Environmental policy =~ Conserve natural resource Investment in sustainable ~ MoEDC,
(1997) base, sustainably use land management practices 1997
renewable (land, water and
forest or wildlife) resources
Ten commaodities in ten  Raise production and Full package use including MoA,
years program (2021) productivity of selected soil fertility management 2021

commodities to substitute
imports and export surpluses

Source: Own synthesis
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4.1.2.2. Institutions

A number of institutions are promoted both at the national and regional levels in Ethiopia
to facilitate and support the implementation of various policies, programs, and strategies
related to SAIPs. Table 11 presents lists of institutions involved in SAIPs’ investment and
generation and development of agricultural technologies. These institutions were identified
in consultation with experts and officials drawn mainly from MoA/office of agriculture and
research institutes found at different levels (from Kebele to Federal). The leading
institutions of SAIPs include Ministry of Agriculture at different levels (federal to kebele),
Research Institutes (both federal and regional), Higher Learning Institutes, Ministry of
Science and Technology (MoST), Cooperatives/Unions, seed enterprises, land
administration and farmers. Institutions/organizations vary immensely in terms of their
form, size, scope, structure, permanency and purpose. The scope refers to the ambition and
delineation of the investments in SAIPs; organization refers to who involved in SAIPs
activities. Most of the linkages within organizations follow top-down approach and
horizontal linkages between organizations. Most of the key-informants reported that
linkages between federal and regional institutions have been deteriorated. A few regions
felt autonomous while most regions felt dependence.

The MoA is usually engaged in the dissemination and scaling-up of technologies to the
vast majority of farmers. It is also responsible for designing agricultural policies. Research
institutes are engaged in the development of technologies and production methods, and
reach a small number of farmers with new technologies to create demand through pre-
extension demonstration. Universities are often engaged in training (both long-term and
short-term) and technology generation with limited outreach activities. Land administration
assures land tenure and enforcing land use plans. The MoST supports the development and
generation of agricultural innovations, and design policies for technology development.
The other institutions are mainly engaged in enabling and supporting activities in the
process of technology development and diffusion. While the national policies are clear
about the institutional/organizational requirements, the organizations are yet to evolve in a

systematic way.

Regarding the implementation of SAIPs by several organizations, policies may be decided

upon primarily at a national level, while planning and implementation may be distributed
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across national, regional, zonal, district and kebele levels (Nielsen et al., 2013). A
successful investment in SAIPs is inextricably linked to activities in all policy areas noted
above, which affect the development and dissemination of SAIPs. However, national
coordination systems have been rather weak, requiring a greater effort to coordinate among
the institutions to ensure the coordination across regions, zones, districts and kebeles
(Nielsen et al., 2013). Under Ethiopian condition, experiences of the study sites (regions)
indicate that regional governments play a vital role in setting a framework for the
implementaion of SAIPs across multi-functionality linked policy areas and activities
through institutional arrangements. By constitution, regions are autonomous to formulate

their own policy as far as not deviating from the national one.

Increased and effective investment in research and extension of SAIPs, development of
rural infrastructure, and support services (marketing, input supply and credit) requires
effective institutional arrangements as delivered by a number of independent organizations.
Table 11 presents the presence and mandates of different institutions or organizations at
different levels in relation to the development and promotion of SAIPs. Institutional
arrangements are required to effectively implement SAIPs’ policies and provide effective
agricultural advisory services on SAIPs. The institutional arrangement is comprised of
these organizations with their recognized roles to play in SAIPs’ investments and the

mechanisms for coordination among institutions.
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Table 11. Organizations/institutions at different levels and their mandates

Subsectors/actors Presence (V) Mandate /purpose Source
Federal Regional District Kebele

Extension \ \ \ \ Overall extension service and policy setting

Research \ \ Generate technologies, methods, training, demonstration

Rural land \ \ \ \ Ensuring tenure security, implementing land use plans, FNG, 2005

administration valuing land properties

Cooperatives and \ V \ V Input supply and market facilitation

unions

Higher learning \ V Training, technology generation

institutes

MoST \ Promote advancement of knowledge and skills in science

and technology

Seed enterprises \ \ \ \ Multiply improved seeds

CGIAR \ Source for Germplasm and finance

Environmental \/ \ \ Afforestation

protection

NGOs/CBOs/CSOs \ \ \/ Facilitate extension and development

Administration \/ \ \ \/ Enforcement, facilitation

Financial \ \ \ \ Financing and credit access

institutions

Farmers \ Implementers

Source: Review of documents

Note. MoST denotes Ministry of Science and Technology; CGIAR denotes the Consultative Group for International Agricultural Research;

CBOs= community-based organizations; CSOs= civil society organizations; FNG denotes Federal Negarit Gazeta
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4.1.2.3. Integration through institutional arrangements

Drawing from the literature on institutional arrangements, the study examined whether
normative compellence, ideational (informational) and incentive (finance) mechanism are
put in place affecting the implementation of agricultural policies in general, research and
extension services in particular. This study expects that these institutional arrangements

apply to vertical and horizontal integration of stakeholder organizations.

Normative compellence

This type of institutional arrangement is a formal form of integration platform for research-
extension-farmer linkage and integration of sectoral policies. The first institutional
arrangement was established during 1974 as a formal research and extension integration
platform through a joint effort between the Institute of Agricultural Research (IAR) and the
Extension Project Implementation (EPID). Following the adoption of the Peasant
Agriculture Development Extension Program (PADEP), the Research-Extension Liaison
Committees (RELCs) were established in 1986. Their mandate was to strengthen the
diffusion of agricultural technologies through effective research-extension collaboration
(Tilaye and Daniel, 2016; Belay and Dawit, 2017). However, the RELCs were placed only
at the zonal and national levels to enhance vertical and horizontal integration. It was
believed that RELCs would provide an appropriate forum for the consultation and

integration of stakeholders.

The national-level RELC was led by the Vice Minister of Agriculture, and its members
included those previously mentioned. The national RELC was accountable to the General
Manager of the Ethiopian Institute of Agricultural Research (EIAR), directors from
research centers, and heads of the technical unit of the Ministry of Agriculture (MoA).
However, this institutional arrangement overlooked the inclusion of institutions responsible
for overall policy direction, guidance, and capacity building (Belay and Dawit, 2017). The
zonal RELCs were established in all regions where agriculture is economically important
and were led by the heads of zonal agricultural offices. Their membership comprised
center-level research managers, researchers, representatives of nearby higher learning
institutions, and other representatives of supporting institutions. These committees were

responsible for disseminating recommended improved agricultural technologies from
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respective research institutions and providing training for district-level experts and
development agents. The zonal RELC committees participate in annual research review
and planning process to evaluate whether the activities are demand-driven (Tilaye and
Daniel, 2016; Belay and Dawit, 2017).

Discussion made with key informants drawn from research and extension experts indicated
that there were strength and weakness of RELCs at both zonal and national levels. The
West Shewa zone RELC was strong due to the presence of many research centers in the
zone. However, common weaknesses included poor technical know-how and skills of
officials in monitoring and evaluating activities, limited support and rewards, funding
constraints, absence of decision-making power, lack of clear working guidelines, frequent
organizational reforms, and lack of representation of relevant actors, including farmers
(Belay and Dawit, 2017). It was also reported that integration activities were considered
part-time work by all stakeholders. Following the regime change in 1991, the RELC
system was interrupted and replaced by Training and Visit system, a locally-adapted
approach aimed at functioning as a national extension system through government
financing. However, the system was unable to embrace all relevant stakeholders. In 1995,
the training visit method was replaced by the Participatory Demonstration and Training
Extension System (PADETES). PADETES aimed to increase production and productivity
among small farmers through the use of improved technologies and to conserve the natural

resource base.

In 1999, the Research-Extension Advisory Councils (REACSs) were established at national,
regional, and zonal levels. Their aims included reviewing research programs, developing
package technologies such as Sustainable Agricultural Intensification Practices (SAIPS),
and providing technical backstopping. The zonal REACs were based on the research
centers located nearby and were established in all federal research centers as well as some
regional centers. However, the REACs at federal, regional, and zonal levels were not
effective in discharging their functions properly (Tilaye and Daniel, 2016). The activities
focused on establishing Farmer Research Groups (FRGSs) through research and extension
demonstration plots and providing training. FRGs is groups of farmers who voluntarily
come together to experiment on their fields based on shared problems (Belay and Dawit,
2017). The membership of FRGs is not fixed and mainly depends on the context. The main

reason for establishing FRGs was to make research and extension more customer-oriented,



113

thereby developing informal partnerships that would enhance the diffusion of improved

technologies and practices.

The main operational weaknesses encountered were lack of sufficient integration among
farmers, development agents, and lack of permanent documentation throughout the
hierarchies, and continuous monitoring and evaluation system. The councils were unable to
function according to their original plans and there was also domination by officials of
federal, regional and research center level (Belay and Dawit, 2017) indicating the
extension system has been following a top-down approach. Belay and Dawit (2017)
reported that the non-representation of farmers could be attributed to the absence of farmer
organizations at the zonal and federal levels. This suggests inappropriate allocation of
institutional arrangements and indicates the need to establish REACs at least at the district
level. There was a serious shortage of finance to carry out planned activities, resulting in
irregular implementation of activities and meetings. Recognizing the weaknesses of
RELCs and REACs, the Agricultural Development Partners’ Linkage Advisory Councils
(ADPLACS) were established by the Ministry of Agriculture in 2009.

The ADPLACs were established at federal, regional, zonal and district levels. Each
ADPLAC aimed to include a broader range of stakeholders, including farmers'
organizations, private actors, and non-governmental organizations, to contribute to
agricultural development (Belay and Dawit, 2017). The purpose of shifting from one
institutional arrangement to another was to ensure the involvement of relevant stakeholders
and enhance the availability and timely delivery of improved agricultural technologies,
including Sustainable Agricultural Intensification Practices (SAIPS), to producers (Tilaye
and Daniel, 2016). Efforts were made to institutionalize ADPLAC through project-based
funding. ADPLAC is currently transformed into Agricultual Transformation Partnres
Council in Oromia. However, ADPLACSs have not been able to sustain their functions, and
currently, there is no effective coordination through this institutional arrangement. This
situation might be due to the frequent implementation of institutional reforms in the

country and a lack of system-based establishment.

Furthermore, agricultural research has been conducted by various institutions (federal,
regional, and higher institutions) with weak integration and coordination. This weak

coordination has led to duplication of efforts and wastage of resources. This is beacause
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institutional arrangements have been inconsistent, based on project-specific and time-
bound activities. Discussions with senior researchers revealed weak institutional
arrangements led poor integration and coordination between disciplines within
organizations, such as breeding and protection, and breeding and agronomy. This weak
coordination may result in less durable technologies. Consequently, SAIPs planning and
implementation processes have been ineffective in the study areas with a slight variation
between regions in the implementation of SAIPs’ policies. Regardless of the structural
setup of the arrangements, integrated planning and implementation of SAIPs have not been
effectively or fairly materialized. The ineffectiveness of SAIPs policy implementation has
directly impacted investment in SAIPs across the study sites, leading to significant and

varying effects.

Table 12 presents the adoption level of SAIPs and selected institutional policy variables by
study sites. The results indicated that cash-based external technologies or inputs, such as
improved crop varieties, inorganic fertilizers, and pesticides, were more widely adopted by
sample farmers in the West Shewa zone compared to the North Shewa zone. This suggests
better access to and capacity for purchasing these inputs in Oromia. Conversely,
sustainable agricultural practices, including pulse-cereal rotation, manure use, and soil and

water conservation practices, were more commonly practiced in the Amhara region.

The greater investment in long-term sustainable agricultural practices, such as land
management practices, in the North Shewa zone might be attributed to the poor soil
fertility status (84%) and the land tenure rights noted previously. Regarding institutional
variables, membership to agricultural cooperatives was fairly distributed across the study
sites with minor differences. A greater percentage (85%) of farm households in North
Shewa received training on how to use SAIPs, compared to about 45% in West Shewa,
with significant differences between the study sites. The results indicated that
Development Agents (DAs) in West Shewa were under-resourced compared to those in
North Shewa zone of Amhara Regional State. Increased monthly payments are believed to
motivate DAs to remain at their posts and provide consistent extension advisory services to

farmers.
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SAIPs West Shewa (%) North Shewa (%) x2/F-value
Use of improved crop seeds (Yes) 49.3 44.5 3.41*
Pulse-cereal rotation (Yes) 14 52 236.29***
Inorganic fertilizers use (Yes) 93 74.4 93.42***
Manure use (Yes) 7.6 30.4 126.06***
Rain water management (Yes) 60 52 9.26***
Vegetation use (Yes) 3 21 115.16***
Soil conservation structures use (Yes) 21 71 375.25***
Pesticide use (Yes) 78.6 58.5 69.30***
Selected institutional variables

HH membership to agricultural coop. 35 30 4.50**
Got credit 19.6 26.6 10.27%**
Received training on SAIPs 45 85 252.39***
Farm consolidation in ACC 7 31 140.93***
Average monthly salary of DAs (Birr) 6,759 10,150 0.2035e+09*

**

Source: Survey data

Ideational or informational integration

Institutional interplay or integration emerges as ideas or information spread among related
sectors or policy regimes through a learning process. In the implementation of SAIPs,
rather than a simple diffusion of practices and technologies across institutions or sectors,
there is an active linking of policy sectors through ideas and information. This linking is
typically facilitated by both national and regional governments through various
approaches. The situations demonstrate that farmers use and integrate knowledge from
various sources to meet diverse needs. Knowledge sources can be informal or formal. In
numerous circumstances, farmer knowledge was the most prominent and trusted form of
informal knowledge. Farmers primarily depend on their own knowledge or that of other
farmers, accumulated over time through practical experiences by doing and observing.

They also use knowledge from relevant actors in agriculture (formal) provided through
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various ideational approaches. To coherently coordinate and manage activities, stakeholder

institutions need to share information, knowledge, and best practices.

In our case studies, we identified four ideational social learning approaches for institutional
integration and knowledge sharing. These include posters, brochures/leaflets and manuals,
trainings, demonstrations, and field days. Knowledge sharing through brochures and
manuals is characterized by efforts to promote the implementation of SAIPs by providing
easily understandable information about the application and benefits of each advanced
technology and practice. Educational materials or publications also include research report
series and workshop proceedings were also used to share information. The significance of
texts in the form of brochures and manuals lies in their ability to lay the foundation for a
strong linkage among stakeholders. When these educational materials and social learning
approaches are thoughtfully created and localized (in local languages), they serve as
channels of empowerment for stakeholders who may have varying levels of technological
understanding (Eidt et al., 2020). These educational materials act as catalysts for
investments in SAIPs and economic growth. The results of key informant interviews
indicated that there was a more diverse range of brochures and manuals on improved crop
varieties and their agronomic practices in West Shewa zone of Oromia compared to North
Shewa zone of Amhara. However, most of these materials were crafted in English and

Ambharic, rather than the local language (Oromifa).

Interviews with key informants and observations demonstrated that trainings were
provided for farmers at least once a year prior to the planting season. Trainings were also
provided for Development Agents (DAs) and subject matter specialists, conducted either at
the district or zonal levels. These trainings aimed to build the capacity of individual actors
on how to use improved agricultural technologies and practices. Interviews revealed that
the trainings provided for farmers were inconsistent, project-based, and often not specific,
mixing technical and non-technical issues. Technology demonstrations were mainly
conducted by nearby research institutions to create awareness about newly released
varieties, production methods, and agronomic practices. Interviews also revealed that these
demonstrations were dominated by cereal crops and agronomic practices. Demonstrations
are primarily conducted in areas with main roads, often overlooking remote villages and
kebeles of the regions. Field days serve as platforms for experience sharing, showcasing

newly released and evaluated agricultural technologies, and creating awareness. They also
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provide opportunities for common understanding and feedback about these technologies
(Yigezu et al., 2018). Results also demonstrated that field days were also project dependent
and not financed regularly across the study areas. These events have been dominated by

model farmers and less representation of youth, women and value chain actors.

Publications can effectively transfer ideas and knowledge across governance levels and
stimulate learning. In the study areas, these educational materials (publications) are
primarily produced by researchers and subject matter specialists from various disciplines
and policy fields. Table 13 presents the mechanisms of ideational interplay between and
within institutions. Key informant interviews and observations revealed that there were
relatively more and more diversified forms of educational materials distributed to
stakeholders, including farmers, in West Shewa Zone of Oromia region compared to North
Shewa zone of Amhara region. Additionally, key informant interviews indicated that there
were 28 days of watershed activities (soil and water conservation) conducted within three

months (January, February, and March) every year in North Shewa zone of Amhara.
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Table 13. Comparison of ideational interplay mechanism per study sites

Ideational mechanism Interventions by study sites
West Shewa North Shewa
Publications / Posters, brochures, manuals, and reports Posters, brochures, manuals, and reports prepared in

Educational materials prepared in English, Amharic and Oromifa; English, Amharic

Large and diversified brochures distributed Small number of brochures distributed
Trainings Crop production, animal production, natural Crop production, animal production, natural resource
Workshops resource management, crop protection, and management, crop protection, and non-technical affairs

non-technical affairs provided with local provided with local language (Amharic)
language (Oromifa, Amharic)
Demonstrations, and ~ Newly released crop varieties with their Newly released crop varieties with their agronomic
scaling-up/out agronomic practices (greater demos.) to raise practices (less demos.) to raise farmer awareness; Greater
farmer awareness; labor mobilization for labor mobilization for NRM (more stewardship behavior)
NRM (less stewardship behavior)

Field days Field visits, experience sharing, posters Field visits, experience sharing, posters

Source: Own analysis and interpretation from key informants ‘interview
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The quantity and quality of ideas and information communicated among stakeholders
depend on the type and number of stakeholders, particularly research centers and other
institutions. Effective knowledge and information sharing aim to achieve sustainable
integration among and within institutions by providing relevant, accurate, and timely
information to the decision-making process across various policy fields. Digital
mechanisms, such as the internet and software application packages (e.g., Telegram,

Facebook, LinkedIn, and others), can facilitate this information sharing.

Incentives and utilitarian interplay

Incentives are determinants of human behavior that encourage decision-making processes
for policy implementation (Ostrom et al., 1993). They can be perceived as opportunities or
constraints depending on the subjective view of the stakeholder institutions. Economic
incentives affect the integration and coordination of stakeholders in implementing policy
initiatives (Nielsen et al., 2013). In other words, incentives can either promote cooperation

or hinder it.

The primary goal of incentive is motivation. There are several types of incentives, for
example, legal-financial (property rights-taxation), legal-socio-cultural (community based),
financial-socio-cultural and legal-financial-socio-cultural (Tan et al., 2014). The first one
Is about regulations and rules attached to financial rewards or limits; the second is about
regulations and rules that change/form social behavior; the third is about financial rewards
or limits that change/form social cultural practices; and the final one is about regulations
and rules with financial rewards or limits that change human behavior. For this study, the
third and fourth incentive mechanisms were used to measure institutional interplay due to
their similarities of focusing on financial incentives. The development of credit services for
farmers to improve access to input packages and financing integration between
stakeholders is crucial. Economic incentives affect the integration of policy field actors, as
individuals and actors are utility calculators and cost minimizers (Nielsen et al., 2013).
Key informant interviews revealed a lack of formal enforcement tools for financing and
prominent funding of integrated activities by several actors and limited credit access for

farmers.
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Incentives, particularly fair funding, act as levers influencing processes and decision-
making (Ostrom et al., 1993). Incentives embedded within the institutional field of an
organization help address problems (barriers) by guiding institutions or individuals toward
suitable actions through financial rewards, material means, and moral support (Tan et al.,
2014; Gupta et al., 2020). Existing incentives affect individual actor behavior and their
interactions with other actors. Conflict of interest is likely to arise when existing incentives
lead to actions that favor personal gains at the expense of overall benefits. Key informant
interviews and observations revealed that unfair financing of activities among and within

institutions resulted in conflicts of interest and unsustainable cooperation.

Table 14 presents the barriers and incentives that constrain and enhance the
implementation of SAIPs in the study areas. The study highlighted differences in
incentives and barriers towards investments in sustainable practices across the study sites.
For example, in Oromia, there is more emphasis on research outreach, providing farmers
with access to improved technologies and innovations, which encourages adoption.
However, there is less focus on extension services, which are crucial for offering direct
support and guidance to farmers in implementing sustainable practices. In Amhara, there is
less emphasis on research outreach but a stronger focus on extension services offering
direct support to farmers. Despite these differences, the barriers to adopting SAIPs were
found to be similar across both sites. These barriers include financial constraints, lack of
access to necessary resources, and policy and policy enforcement mechanisms. Key
informant interviews and observations revealed a significant need for the development of
formal enforcement tools such as financial regulations and guidelines that ensure equitable
access to funding for SAIPs. Such tools are essential to ensure that financial and technical
support is effectively directed toward SAIPs, enabling farmers to overcome institutional

barriers and adopt these practices widely.
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Table 14. Comparison of barriers and incentives per study sites

Institutions West Shewa North Shewa

Barriers Limited emphasis on extension Limited research outreach, lack of
services, lack of instrumental clarity instrumental clarity on land use and
on land use and tenure; lack of tenure, lack of coherence and
coherence  and  continuity  of continuity of governance and
governance and financing; mismatch financing, mismatch between
between planning and financing; planning and financing, unfair
unfair distribution of funding and distribution of funding, poor legal
conflicting or overlapping activities; enforcement; limited credit access,
lack of functional delineation; poor lack of tax incentives, and others
legal enforcement; limited credit
access, lack of tax incentives and
others

Incentives  Wider research outreach, recognition Focused extension, relatively better
of model farmers, stable land allocation of skilled human resources
redistribution (DAs) and monthly salary paid to

them

Source: Own analysis and interpretation

Historically, agricultural financing in Ethiopia has predominantly been project-based,
characterized by a lack of consistency and continuity. Large-scale projects have played a
significant role in the development and transfer of agricultural technologies. However, the
inherent nature of projects—with defined starting and ending points—necessitates the
creation of exit strategies to ensure continuity post-project. In Ethiopia, the comprehensive
package approach to agricultural development was initiated in 1967. This approach
involved the coordinated application of various but fundamentally related policies and
strategies. It was implemented following the preparation of the Minimum Package Project-
I (MPP-I) in 1971. MPP-I was a five-year plan running from 1971 to 1975 and was
financed through the establishment of the Extension and Project Implementation
Department within the Ministry of Agriculture (MoA). These projects were financed by
World Bank (WB), International Fund for Agricultural Development (IFAD), and Swedish
International Development Authority (SIDA) (Belay, 2003).
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The MPP-11 was later replaced by Peasant Agriculture Development Extension Program
(PADEP) in 1985 with the aim of coordinated efforts of technology development and
transfer. Later, Demonstration and Training Extension System was established in 1995
adopted from the Sasakawa Global 2000 (SG-2000) extension strategy initiated in 1993.
The Rural Capacity Building project was launched in 2001 to finance research and
extension activities. Later, Sustainable Land Management project was initiated as 12 years
activities divided into two phases (I and Il) in 2008, aimed at improving land productivity
and protect land degradation. These projects aimed to boost agricultural productivity
through coordinated efforts and the provision of essential inputs and services to farmers.
The international funding from WB, IFAD, and SIDA was instrumental in facilitating the

projects.

The analysis of the case study reveals that the activities of Sustainable Agricultural
Intensification Projects (SAIPs) in Ethiopia heavily rely on project funds for
implementation. This reliance indicates limited public local and national funding for
financing comprehensive SAIPs. The scarcity of local and national financial support for
SAIPs means that activities often depend on external sources that can create instability and
uncertainity, and diminishes stakeholders’ participation and cooperation. Co-financed

plans (multiple sources) tend to promote SAIPs investments more effectively.

Table 15 presents policy and institutional constraints perceived by key informats. A
significant majority (68%) of the key informants agree that the identified institutional and
policy constraints are crucial. This consensus is followed by a notable proportion (22%) of
key informants are indifferent. This difference could stem from varying experiences, roles,

or understanding of policies and institutions at hand.
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Table 15. Policy and institutional constraints to SAIPs implementation (N=51)

Policy and institutional issues Key informants agreement (%o)

Strongly  Agree Indifferent Disagree Strongly

agree disagree
Agricultural policies and rules poorly 15 62 23 0 0
defined
Responsibilities and manadates poorly 12 50 25 10 0
defined
Different actors have overlapping 31 46 23 0 0
activities
Inadequate enforcement of existing 69 31 0 0 0
policies and rules
Poorly defined property rights 0 0 39 54 8
Poor integaration between and within 15 85 0 0 0
stakeholders
Lack of skilled man power 0 15 39 46 0
Lack of long-lasting modalities and 23 69 8 0 0
guidelines for stakeholder integration
Inflexible governance structure and 39 54 8 0 0
frequent reform
High financial costs of involving various 15 46 31 8 0
stakeholders
High cost of time for participation 0 39 54 8 0
Lack of communication chennel 15 69 15 0 0
Lack of incenetives (economic and 15 62 15 8 0
financial)
Overall average 20 48 22 10 1

Source: Own analysis

Drawing on the IAD framework, this study compares the effects of institutional
arrangements on SAIPs and income diversification activities across study sites. The IAD
framework provides a structured approach to analyze how various institutional

arrangements influence the outcomes of SAIPs. Key informant interviews and observations
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revealed that three types of institutional arrangements—normative compliance, ideational,
and incentives—have been implemented across the study sites. However, these
implementations have been primarily project-based, suggesting that the integration or
interplay between and within stakeholder institutions has lacked continuity of function.
The implementation of SAIPs and income diversification activities in Ethiopia has been
significantly influenced by frequent organizational reforms, characterized by old exits and
new entries. This instability has been compounded by the absence of effective exit
strategies, preventing these initiatives from functioning permanently. For stakeholder
institutions to effectively contribute to SAIPs and income diversification activities in
Ethiopia, they must have a vested interest, or stake, in the initiatives. This stake can
include one or a combination of various elements such as interest, authority, responsibility,
rights, ownership, knowledge, capacity, impact, and contribution. Effective and sustainable
institutional interplay mechanisms are essential for governing these stakes (Eweje and
Sajjad, 2020). For SAIPs and income diversification activities to be successful and

sustainable, stakeholder institutions must have well-defined and governed stakes.

The analysis indicates that stakeholders at different administrative levels in the study areas
have played distinct yet complementary roles in the planning and implementation of
SAIPs. Each level, from federal to local, contributes uniquely to the overall success of
these activities. Federal stakeholders have the central and necessary role of establishing the
overarching policies and legislative frameworks that guide agricultural development.
Regional stakeholders are pivotal in translating federal policies into actionable plans
tailored to the specific needs and conditions of their regions. District and local stakeholders
are crucial for the detailed planning and hands-on implementation of SAIPs. To achieve
effective integration (both vertical and horizontal) among and within stakeholder
institutions at all levels for the implementation of SAIPs in Ethiopia, normative
compellence, funding, and information sharing mechanisms are crucial. These elements
play key roles in engaging stakeholders in the development and interventions of SAIPs and
their associated policy fields. This study focuses on highlighting the complexity of SAIPs
policy processes, stemming from the plurality of stakeholders or actors involved and the

diversity of criteria upon which they base their decisions.
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SWOT analysis

The results of SWOT analysis is presented in Table 16. Investing in SAIPs involves
navigating a complex landscape of policy fields and institutional arrangements. To achieve
effective implementation of SAIP policies, it is crucial to ensure planned and effective
interaction and coordination across relevant institutions and policies. Analyzing the
agricultural policy and institutional arrangement contexts of study sites is crucial for
understanding their strengths, weaknesses, opportunities, and threats (SWOT) related to
comprehensive SAIPs. This SWOT analysis helps in developing targeted strategies to
enhance the effectiveness and sustainability of SAIPs. The SWOT analysis reveals existing
agricultural policies, stakeholders, local knowledge and collaborative initiatives are
strengths; fragmented policies, limited capacity, funding constraints and poor coordination
are weaknesses; decentralization, innovations and partnership initiatives are opportunities,

and climate change, economic volatility and political uncertainty are the main threats.
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Table 16. SWOT analysis of institutional arrangements for SAIPs

Strengths Weaknesses

Several policies are set for SAIPs Lack of comprehensive SAIPs policy and
unsustainable institutional interplays

Several institutions involved Conflict of interest and overlapping of
activities

Number of institutional arrangements are Lack of local and national public and private

available funding for institutional arrangements

Strong informal institutions, norms and Lack of capacity and capability

values

Established infrastructural facilities Poor integration, cooperation and coordination

Functional linkages Lack of monitoring and evaluation system
Poor infrastructure and incentives

Opportunities Threats

High potential for institutional and policy Conventional intensification may exist

integration
Institutions and policies are in place Separation of institutions
Better networks and connections Frequent reforms

Increased benefits of investment in Costs of integration and land degradation
package technologies

Establishment of digital platforms Poor regional and national bonds
Watershed approaches for NRM Security problems

Labor mobilization and relatively cheap Inconsistencies in policies

family labor

Source: Own analysis and interpretation

4.2. Descriptive Statistics Results

This section will provide an overview of the descriptive results related to investments in
multiple SAIPs at the farm level, as well as their determinants, farm households'
participation in income diversification activities, the impact of these investments on net

crop income, and cost efficiency. Under the first section of investments in SAIPs, major
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crops produced, agricultural intensification practices used by smallholder farmers, farmers’
demographic and plot characteristics and institutional factors are presented. Most
socioeconomic characteristics are commonly used in all econometric models and hence all
are present in this section. Under income diversification section, different sources of
income diversification practices and uniquely used independent variables are presented. In
the impact of investments in SAIPs section, descriptive results of crop income and
uniquely used explanatory variables are presented. Production cost structures and uniquely

used explanatory variables are presented in cost efficiency descriptive analysis part.

4.2.1. Descriptive analysis of investments in SAIPs

4.2.1.1. Major crops produced, awareness and uptakes of SAIPs

Table 17 presents the percentage distribution of farmers’ awareness, past use and future
use of SAIPs. The data reveals that inorganic fertilizers are universally recognized and
utilized, indicating a well-established practice in the farming community. Results show
that crop rotation and soil conservation practices are widely understood and practiced,

reflecting the importance of these practices.

Table 17. Farmers awareness and use of SAIPs (N=385)

SAIPs Are you aware (%) Did you ever use (%) Will use (%)
Improved seeds 96 90 87
Inorganic fertilizers 100 100 95
Soil conservation 97 97 99
Farm water management 78 71 72
Organic fertilizers 87 78 76
Rotation 98 97 95
Vegetation 87 80 80
Soil amendment 36 18 17
Bio fertilizer 44 34 28
Legume intercropping 18 11 9
Overall average 74 68 66

Source: Own survey data analysis
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Most of the farm households generally agree on the benefits of improved seed, inorganic
fertilizers, rotation, soil conservation, and vegetation (Appendix Tables 1-7). This indicates
a general acceptance and perceived benefits (convenience, relative advantage, triability,
and accessibility and affordability) of these practices. The agreement on these practices
indicates that they are perceived to have clear benefits and costs. However, there is
noticeable indifference and disagreement among farmers regarding the attributes of farm

water management and liming.

In the study area, smallholder farmers were found to produce a blend of crops (Figure 9).
The distribution of cropping pattern is found to be wheat (36%), tef (24%), faba bean
(13%), barley (12%) and other crops including maize, sorghum and potato (15%),
indicating the relative importance of different crops.
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Figure 9. Distribution of plots by crops

Table 18 presents the application of SAIPs across different crops on farm plots. Improved
crop varieties are most commonly used for wheat (65%) and tef (49%, and less for faba
bean (18%). Legume-cereal crop rotation is widely used for other crops (56%) and wheat
(47%), but less commonly for tef and barley. Results show that inorganic fertilizers are

widely used across all crops, but organic fertilizers are less commonly used particularly for



129

tef. The data also show that pesticide use is quite high for wheat and tef, slightly lower for
barley and other crops. Drainage practices are fairley common across all crop types; with
slight variation. The use of live plants as part of SAIPs is relatively low. Soil conservation
practices are more commonly used for faba bean and barley compared to other crops. The
data provides a comprehensive overview of the adoption of various sustainable agricultural
practices across different crop types. Understanding these patterns helps in identifying
areas for targeted interventions, promoting effective practices, and addressing barriers to

broader adoption.

Table 18. Summary statistics of SAIPs by plots of major crops

SAIPs Major crops (% of plots)

Wheat  Tef Faba Barley  Other Total

(N=529) (N=358) bean (N=171) crops (N=1465)

(N=186) (N=221)

Improved variety 65 49 18 42 30 47
Cereal-legume rotation 47 26 X 56 9 32
Inorganic fertilizer 92 88 69 77 77 84
Organic fertilizer 19 9 25 32 16 19
Pesticides 76 75 59 58 60 69
Drainage 58 62 53 51 50 56
Vegetation 11 10 13 15 12 12
(agroforestry)
Soil conservation 44 39 56 57 38 45
practices

Source: Own field survey data, 2021. Note: X= different cereals

Figure 10 presents the main sources of seeds for farmers in the study area. The majority
(48%) of farmers rely on their own seed-saving practices, indicating a strong tradition of
local seed conservation and reuse, followed by extension (24%). This practice can enhance
seed sovereignty and reduce dependence on external inputs. However, it may also limit
access to improved seed varieties that could increase yields and resilience. Encouraging a

balanced approach that leverages local seed-saving practices, enhances extension services,
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and supports seed exchange networks can improve seed security, productivity, and

sustainability in farming systems.
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Figure 10. Source of seeds (%)

Figure 11 presents the main soil management practices implemented in the study area. The
results show that terracing is a crucial soil conservation practice, followed by crop-residue.
This practice highlights the integration of agronomic methods with structural (soil
conservation) interventions to enhance soil health and sustainability. Promoting soil
conservation and crop residue (left on the field) can contribute to long-term soil fertility

and water retention. Crop residue has a competing use for animal feed and construction.
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Figure 11. Main soil management practices (%)
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The distribution of plots by the number of SAIPs farmers invested in combinations is
presented in the Table 19. Results show that about 80% of the plots were treated with more
than two SAIPs and 25% of the plots were treated with more than half (4) of the SAIPs.
The likelihood of investing in from two to three SAIPs is increased by 30%, while
investing in from three to four SAIPs increased by 12%. The data indicates a strong
preference for adopting multiple SAIPs rather than relying on single practices. This
suggests that farmers recognize the cumulative benefits of integrating various sustainable
practices to enhance productivity and sustainability. The result reveals a strong trend
towards the adoption of multiple sustainable agricultural intensification practices, with
significant benefits seen in combining various SAIPs. Policies and interventions that
support and promote these combinations can enhance agricultural sustainability and
productivity. Only all possible combinations of zero, two and all (8) SAIPs were used
100%.

Table 19. Distribution of plots by SAIPs combinations

Number of SAIPs Freq. Percent Cum. Combinations

Possible Observed Proportion (B/A)

(A) (B) *100

Zero (local) 16 1 1 1 1 100
One 62 4 5 8 1 13
Two 236 16 21 28 28 100
Three 421 29 50 58 38 66
Four 384 26 76 70 30 43
Five 200 14 90 56 28 50
Six 98 7 97 28 19 68
Seven 38 3 99 8 7 88
All (8) SAIPs 10 1 100 1 1 100
Only external 207 14
inputs
Only LWMPs 122 8
Both practices 1121 76.5

Total (N) 1465 100

Source: Own field survey data, 2021: LWMPs= land and water management practices
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Regarding the extent of investments in a combination of SAIPs, descriptive results showed
that plots were treated with different number of SAIPs (Figure 12). The majority (49%) of
the plots receiving low level of SAIPs (1-3) indicates that while there is some adoption of
sustainable practices, many farmers are not implementing multiple SAIPs
comprehensively. A significant portion (26%) of plots is adopting a moderate level (4) of
SAIPs, followed by 23% of plots, adopting a high level (5-7) of SAIPs.
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Figure 12. Extent of SAIPs

4.2.1.2. Household and plot characteristics, and institutional variables

Table 20 provides information on summary statistics of independent variables used in the
MVP and OP models. The characteristics of the sample households showed that most of
the sample households (92%) were headed by males who were about 46 years old, and had
attended grade four on average. On average, family members were found to be five
counted in the productive age, 15-64 years. On average, each household has 6.3 TLU
(Tropical Livestock Units) of livestock. The average plot size of 0.48 hectares indicates

that agricultural activities are conducted on relatively small-scale plots.

This high coefficient (123mm) of variation indicates substantial variability in rainfall
amounts over the past four decades. Coefficient of variation of maximum temperature was
9 degrees Celsius, reflecting notable variability in maximum temperature data over the
same period. The considerable dispersion in rainfall data suggests that farmers face
unpredictable weather patterns, which can affect crop growth, water availability, and
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overall agricultural productivity. Fluctuations in maximum temperatures can also impact
crop health, pest and disease prevalence, and livestock productivity. The time taken to
reach the plot was 23 minutes, indicates the accessibility of the land for farmers. The
results show that only about 26% of the plots are with good fertility status, are likely
suitable for cultivation and have high productivity potential. Regarding slope
characteristics, 35% of the plots are with gentle slopes. Further, a significant portion (29%)

of farmers perceived and reported their plots as degraded before agricultural intervention.

The average annual income from crops sale was 23510 Ethiopian Birr (ETB). This figure
provides insight into the economic impact of crop sales on farm households' overall
income. The result shows that, on average, rural households have a moderate level (30%)
of income diversification. They rely on multiple income sources, which can provide
stability and reduce dependency on a single income stream. Some households rely entirely
on a single source of income, which can increase vulnerability to economic shocks or
fluctuations in that primary income source while some other households have diversified
their income sources to the extent that up to 76% of their income sources, highlights the

significant variability among households in terms of their income sources.

The presence of peer farms as alternative information sources significantly impacts
farmers' access to and adoption of new agricultural practices and technologies. On average,
having access to two nearby peer farms, with a range from zero to twelve, indicates that
some farmers have greater opportunities to learn from their peers. Promoting peer learning
and strengthening extension services can enhance the dissemination and adoption of new
technologies, ultimately improving agricultural productivity and sustainability. The high
percentage (86%) of households possessing land certificates indicates a well-established
formal land tenure system for the majority of plots. Land certificates provide legal
recognition and security of land ownership, which can enhance investment in land
improvements and agricultural productivity. The remaining plots are managed through
informal arrangements, suggesting these plots may not have legal documentation or formal
agreements. This can lead to less secure land tenure and potentially reduce incentives for

long-term investments in land improvement.

The data suggests that a relatively small portion (23%) of farm households have received

credit. This indicates that a significant portion of farm households may face challenges in



134

accessing financial resources to invest in their agricultural activities. Limited access to
credit can potentially hinder investment, productivity and growth in the agricultural sector.
The data indicates those relatively small portions (18%) of plots are involved in
agricultural commercialization cluster. Agricultural commercialization cluster typically
involves the production of crops with delivery of agricultural extension service for sale in
markets, which can contribute to increased income and economic development in rural

areas.

The data reveals that substantial portions (31%) of farm households are members of
agricultural cooperatives. This suggests that a significant number of farmers are engaging
in cooperative activities, which offers various benefits such as pooled resources, collective
bargaining, access to markets (inputs and outputs), and shared knowledge. Agricultural
cooperatives play a crucial role in promoting agricultural development, improving market
access, and enhancing the livelihoods of small-scale farmers by providing them with a

platform for collective action and mutual support.

A significant portion of farmers (54%) have received training on crop production and land
management practices. This high level of engagement in capacity-building activities
suggests a focus on improving agricultural practices and productivity among farmers.
Training programs enhance farmers' knowledge and skills, enabling them to adopt
improved and sustainable agricultural practices. The equal (50%) representation of
households from both zones ensures a balanced understanding of agricultural practices,

socio-economic conditions, and geographical factors across the study area.



Table 20. Summary statistics of explanatory variables used in all models

Continuous variables Mean Std. Dev. Min. Max
Age 46 11.4 20 85
Education of family 4.4 2.05 0 15
Education of HHH 4 3.46 0 13
Family size 5 2 1 13
Livestock 6.3 3.8 0 27
Plot size 0.48 0.37 0.062 3
Temperature (CoV) 8.7 0.8 6.9 10.3
Rainfall (CoV) 122.6 19.3 96.6 146.8
Plot distance 23 22 2 90
Diversification index (%) 30 25 0 76
Crop income (000) 23.51 21.7 0 133
Salary (000) 8.39 1.87 5.32 10.15
Peer farms 2 2 0 12
Dummy variables Percent
Sex 92
Certificate 86
Credit 23
ACC 18
Membership 31
Soil fertility status: good 26
poor 9

Slope of the plot: gentle 35

steep 17
Perception 29
Training 54
Location 50

Source: Own field survey data, 2021

135
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4.2.2. Descriptive analysis of income diversification

In this sub-section the descriptive results of the variables used in the analysis of income

diversification activities are briefly presented and interpreted.

4.2.2.1. Income diversification activities

The descriptive statistics for dependent variables are presented in Table 21. Crop and
livestock production are the primary sources of cash income for farm households, with
93% participating in crop sales and 54% in livestock product sales. Only a small portion of
households engage in off-farm labor (7%) and forest harvest sales (12%), indicating
limited diversification into these areas. The average intensity of income diversification is
30%, with a range similar to other studies in developing countries, highlighting common
diversification strategies among farming households. This finding is consistent with
findings by Batool et al. (2017) in rural Pakistan (0 to 0.764) and Mohammed and
Fentahun (2020) in Asayta, Afar region (0 to 0.78).

Table 21. Descriptive statistics for dependent variables

Models  Variables Mean Std. Dev.

MVP Off-farm 0.07 0.24
Forests 0.12 0.32
Non-farm 0.073 0.42
Livestock 0.54 0.50
Crops 0.93 0.25
Other sources  0.18 0.39

FRM Intensity 0.30 0.25

Source: Own field survey data, 2021.

The joint distribution of income diversification activities is presented in Table 22. Farm
households diversify their income across a range of one to six different sources. Results
show that 67% of households have adopted more than one income source, showing a trend
towards income diversification, however, a significant portion (33%) of households rely
solely on crop income, indicating the importance of crop production as a primary income

source. The literature evidenced rural households at a time adopt a bundle of income
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diversification activities (e.g., Dries et al., 2012; Fassil and Elias, 2016; Akinrinde et al.,
2018; Khanal, 2018).

Table 22. Joint distribution of income sources by farm households

Income sources Frequency  Percent
One source (no diversification) 128 33
Two sources 126 33
Three sources 89 23
Four sources 30 8

Five sources 10 2.5

Six sources (all) 2 0.5
Total 385 100

Source: Own field survey data, 2021.

Income distribution among farm households is presented in Table 23. Crop income
constitutes the largest portion of household income (49%), underscoring the central role of
crop production in the livelihoods of farm households. Livestock income also plays a
crucial role, contributing 33% to the total household income. While crop and livestock
income are predominant, non-timber forest products, off-farm activities, and other non-
farm income sources collectively contribute significantly to the overall income,
highlighting the importance of income diversification. This is consistent with Geremew et
al. (2017), who reported that farmers in east Gojam of the Amhara region generated the
highest income from on-farm activities; implying income from non-farm sources is lower

for households with higher on-farm income.

Table 23. Summary statistics for cash incomes and shares by sources

Income sources Income (1000 ETB) Share
Mean (unconditional)  Std. Dev. Mean (conditional) Std. Dev. (%)
Off-farm 4.09 4.4 0.276 1.5 1
Forest 10.77 11.57 1.26 5.2 3
Non-farm 21.82 40.05 5.074 21.46 11
Livestock 27.2 28.7 14.549 25.0 33
Crops 23.51 21.7 21.961 21.8 49
Other sources 8.05 11 1.463 5.63 3

Source: Own field survey data, 2021.
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Sample farm household were asked to choose their primary reasons to diversify economic
activities (Figure 13). Accordingly, the majority (30%) of farm households diversified
income sources to enhance revenue. This finding is in line with the study by Barbieri and
Mahoney (2009), which found the majority of Texas farmers, diversified their income
sources to generate additional farm income. Mathewos and Nigatu (2016) also reported
that about 60% of farm households in the Kadida Gamela district of the SNNP region

diversified income sources to increase income.

The results show that 28% of farm households diversified income sources to improve their
food security. Evidence shows that income diversification is mainly for the resilience of
food insecurity and poverty (Geremew et al., 2017; Akinrinde et al., 2018). The results
also show that about 20% of farm households diversified income sources to reduce
uncertainty and risk. This finding is in line with Barbieri and Mahoney (2009) and
Mathewos and Nigatu (2016) who reported that about 35% of farm households diversified
income sources to reduce uncertainty and risk of farming (that is, reduce the impacts of
extreme events including drought, frost, and pests, and sustain agriculture). Wan et al.
(2016) also indicated that diversification could help rural farmers to reduce the adverse

effects of extreme weather events in Xinghe of rural China.

Some farm households (13%) diversified income sources due to the opportunity from new
demand for dairying and vegetables products, and construction services (see Figure 13).
Barbieri and Mahoney (2009) found that farmers diversified income sources to respond a
market need. About 9% of farm households diversified income sources to allocate surplus
labor due to seasonality of farm activities. Akinrinde et al. (2018) stated that income
diversification is to balance among the different resources allocated to economic activities.
Farm households also diversify their income sources into non-farm and off-farm activities
meet their needs that on-farm could not (Fassil and Elias, 2016; Birhanu and Getachew,
2016). In sum, the results confirm that farm households in the study area have different

sets of objectives to diversify their income sources.
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Figure 13. Motivations for income diversification

Based on the literature, the level (intensity) of income diversification was categorized into
three (low, moderate and high) (Babatunde and Qaim, 2009; Mohammed and Fentahun,
2020). Accordingly, the results show that sample farm households fall into moderate
(38%), no diversification (31%), high (17%) and low (15%) extent of diversification
(Figure 14). The study indicates that the majority of the households had an intensity of
diversification around the mean. The mean intensity of diversification is higher than 0.24
estimated by Mohammed and Fentahun (2020) in Asayta of Afar region and lower than
0.479 estimated by Babatunde and Qaim (2009) in Nigeria.
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Figure 14. Intensity of income diversification
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In measuring the utilization of cash income, the sample households were asked to choose
the purpose they utilized the income for (Figure 15). The most commonly reported
purposes of income from diversification are purchase of agricultural inputs, consumption
smoothing, covering tax and rent expenses, and asset accumulation. Accordingly, about
62% of farm households utilized income to buy agricultural inputs. Some studies reported
that diversified household income and technology adoption are positively related
(Fernadez-Cornejo et al., 2005; Morris et al., 2017; Danso-Abbeam et al., 2019). Igbal et
al. (2021) reported that income from non-farm sources has been used as a source to finance
farming operations. Thus, purchased inputs here assisted the adoption of modern

technologies by reducing liquidity constraints often faced by smallholder farmers.

The results show that about 34% of farm households spend cash income from income
diversification to smooth consumption. This proportion is closer to the figure reported by
Mathewos and Nigatu (2016) for the Kadida Gamela district of Ethiopia, about 41%. The
results also show that 19% of farm households used the income to buy agricultural inputs
and pay for taxes. And finally, about more than 15% of farm households invest a greater
share of cash income in asset accumulation. Mathewos and Nigatu (2016) observed that
about 10% of farm households use their cash income from diversification to increase

household assets.
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Purpose
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Figure 15. Purpose of income from income diversification
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Table 24 presents the summary statistics of additionally used independent variables in
income diversification MVP model. The average walking distance to reach the nearest
main market center is 63 minutes. This suggests that individuals, likely residing in rural
areas need to walk for about an hour to access the main market center where they can buy
and sell goods, access services, and engage in economic activities. The average walking
distance to reach the capital town is 133 minutes. This indicates that individuals,
particularly those residing in more remote areas, need to walk for over two hours to reach
the capital town, which likely serves as a hub for administrative, commercial, and social
activities at a larger scale compared to the main market center. These walking distances
provide insights into the accessibility of essential services, economic opportunities, and
infrastructure in the surveyed areas. Long walking distances can present challenges for
individuals, particularly in terms of time, energy, and access to resources. Improving
transportation infrastructure or decentralizing services could help alleviate some of these

challenges and improve overall accessibility and livelihoods in the study areas.

Regarding SAIPs use, on average, each household uses four SAIPs. However, the range of
SAIPs used varies from a minimum of one to a maximum of eight at the house level, and
zero and eight at the plot level. So, some households may be utilizing all eight SAIPs,

while others may not be using any. The average across all households is four SAIPs.

The average annual cash income earned by households is reported as 44,160 Birr (ETB).
This figure indicates the average amount of money households receive from various
sources (crop, livestock, forestry, off-farm, non-farm and other sources) over the course of
a year. Regarding food security status of a household, approximately 15% of farm
households faced food shortages, meaning they were unable to meet their food needs from
their own produce. Food insecurity can arise due to various factors such as low agricultural
productivity, limited access to markets, adverse weather conditions, or economic

constraints.

Regarding access to credit, a relatively small proportion of households, approximately 8%,
had received credit to diversify their income sources. This suggests that access to credit for
income diversification purposes may be limited within the surveyed population. Access to

credit can play a crucial role in enabling households to invest in alternative income-
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generating activities beyond traditional agricultural practices. Diversifying income sources
can help reduce vulnerability to economic shocks, enhance resilience, and improve overall
household well-being. The low percentage of households receiving credit for income
diversification highlights potential challenges such as limited access to formal financial
institutions and high borrowing costs. Addressing these barriers and promoting inclusive
financial services tailored to the needs of rural and agricultural communities could help
facilitate greater access to credit for income diversification purposes, thereby contributing

to poverty reduction and sustainable development.

Regarding data on decision-making within the households on income diversification, the
result indicates that the largest portion (80%) of households made joint decisions involving
the head spouse or elder member to diversify their income sources. This indicates a
significant level of collaboration and shared decision-making within households regarding
income diversification strategies. This collaborative decision-making process may reflect
the importance of consensus-building, communication, and collective responsibility within
the household unit. Effective communication and cooperation among household members
can contribute to the success and sustainability of income diversification initiatives, as well

as promote gender equality and empowerment within the household.

Table 24. Summary statistics of variables used in income diversification

Continuous variables Mean Std. Dev.  Min. Max.
Landholding (ha) 19 1.66 0 10.5
Distance to the main market (walking minutes) 63 48 5 180
Distance to the capital town (walking minutes) 133 78 5 240
Sustainable practices (number) 4 1 1 8
Income (000 Birr) 44.16 40.69 46 228.3
Dummy variables Percent

Food insecurity 15

Joint decision 80

Source: Own field survey data, 2021
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4.2.3. Descriptive results of impact of SAIPs on net farm income

In this sub-section, descriptive analysis of the selected components of SAIPs and the

outcome variable (net crop income) is presented.

4.2.3.1. Treatment variables

The components considered are improved seeds (V), inorganic fertilizers (F) and soil
conservation structures (S). The study identifies eight possible combinations of these
components: V1F;S; (improved seeds, fertilizers, and soil conservation structures), VoF1S;
(fertilizers and soil conservation structures), VoFiSoy (fertilizers only), VoFeS; (soil
conservation structure only), VoFoSo (none), ViFeS; (improved crop variety and soil
conservation structure), ViFiSp (improved crop variety and fertilizers), and ViFoSo
(improved crop variety only). Each of these combinations likely has different implications
for agricultural productivity, sustainability, and environmental impact. Analyzing the
outcomes (net crop farm income) of each combination can provide valuable insights into

the effectiveness of these SAIPs in achieving desired agricultural goals.

Table 25 presents the distribution of alternative combinations of selected SAIPs. It is
evident that the use of improved seeds and inorganic fertilizers in combination is the most
dominant SAIP, used on 26% of the total farms, followed closely by the use of inorganic
fertilizers alone, constitutes 23% of the plots. The results indicate that about 19% of the
plots use improved seeds, inorganic fertilizers and soil conservation practices together.
About 1%, of the plots uses improved seed without any other SAIPs. The main reason for
the choice of improved seeds without at least inorganic fertilizers is attributed to the
unavailability and high price of fertilizers. The results also indicate that about 17% of the

plots use inorganic fertilizers and soil conservation practices together.
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Table 25. Summary statistics of alternative combinations of core SAIPs (N=1465)

Category Choices Improved Inorganic  Soil conservation Percentage
crop fertilizers  structures (1=yes, of plots
variety (1=yes, 0=no) (%)
(1=yes, 0=no)
0=no)

All three SAIPs ViFS; 1 1 1 19

Combination of ViFhSy 1 1 0 26

SAIPs VoF1S1 0 1 1 17

ViFeS: 1 0 1 1.5

Single SAIP VoF1So 0 1 0 23

VoFoS: 0 0 1 8

ViFeSe 1 0 0 1
None of SAIPS VoFoSo 0 0 0 5)
Total 100

Source: Own field survey data, 2021

4.2.3.2. Outcome variable

The summary statistics in Table 26 show the average crop farm income per hectare in Birr
for different combinations of SAIPs. Results show that investment in improved crop
varieties, inorganic fertilizers, and soil conservation practices yields the highest average
crop farm income of 32107 ETB/ha. The average crop farm income of 30834 ETB/ha from
the combination of improved crop varieties and soil conservation practices, with a range
from a loss of 785 ETB/ha to a gain of 78406 ETB/ha, suggests a wide variability in
outcomes. Conversely, reliance on inorganic fertilizers alone or no investment in SAIPs
yields lower incomes, highlighting the need for comprehensive approaches to agricultural
intensification. This difference in net crop farm incomes can be attributed to the higher
productivity and profitability associated with using multiple SAIPs, especially when

combining improved crop varieties with soil conservation practices.
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Table 26. Summary of actual outcome variable by treatment choices (ETB/ha)

SAIPs Details of choices Net farm income

choice Mean Difference  Min.  Max.
VoFoSo None of the three SAIPs 20763 4340 38500
ViFySo Improved crop variety only 26718 5955* 10058 41002
VoF1So Inorganic fertilizers only 20153 (610) 1425 76495
VoFoS1 Soil conservation practices only 26812 6049*** 1600 53660
ViF;So Improved seeds & fertilizers 30834 10071*** 12127 59650
ViFoS; Improved seeds & soil conservation 23863 3100** (785) 78406
VoF1S: Fertilizers & soil conservation 28287 7524%** 3328 76094
V,F;S; All the three SAIPs 32107 11344*** 932 69833
Overall 25492 (785) 78406

#SAIPs VS none of SAIPs; *** P<(0.01, **P<0.05, * P<0.1. The t-test was used to
compare the differences in the mean values between non-users and users of alternative
SAIPs

Figure 16 presents kernel density plots of net crop farm income at a plot level,
differentiated by investment status in SAIPs. The kernel density plots help to visualize the
distribution and impact of SAIP investments on farm income at the plot level. The x-axis
represents the natural log of net farm income, while the y-axis represents the density of
investments in a combination of SAIPs. These plots display the estimated probability
density function of the natural log of net farm income, smoothing out the distribution of
income data to identify trends and patterns. Different colored density curves represent
different investment statuses in SAIPs, illustrating how varying levels or types of
investment affect net farm income (the approximate income levels associated with each
SAIP combination).
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Figure 16. Kernel density distribution of net farm income by SAIPs

4.2.4. Descriptive results of cost efficiency analysis

In this subsection, we provide a comprehensive overview of the summary statistics
pertaining to the variables employed in estimating the stochastic frontier cost function. The
structural variables, which delineate the framework of the cost frontier, encompass cost,
input prices, output, and some selected joint use of sustainable practices. The summary
statistics of inefficiency factors are detailed and presented in the previous subsection, and

hence no need to present here.

Table 27 presents the summary statistics for the variables used in the stochastic cost
frontier model. On average, crop production costs 11484 Birr to produce 1247 kg of grains
from 0.5 hectares of land. The high standard deviation of production costs indicates
significant differences in how farms operate and manage their resources, leading to varying

levels of efficiency and costs. Each input (land, seeds, fertilizers, pesticides, labor, draft



147

power) contributes to the overall cost, with prices and quantities taken into account to

calculate their impact on the total production cost.

The analysis of factors of production reveals that the combined cost of labor and oxen
power constituted the highest share, accounting for 44% of the total production costs.
Smallholder farming practices are heavily relied upon labor (both human and animal) due
to limited availablity of mechanized altentaive and land fragmentation. Land is the second
most significant factor, accounting for 38% the total production cost. The cost shares of
seed, fertilizers and pesticides were 7%, 9% and 2%, respectively, indicating smaller

shares in total production costs, yet essential for improving crop yield and quality.

In the study, input prices were meticulously constructed using data gathered from both
household and kebele levels, ensuring a comprehensive and accurate representation of
costs. For certain inputs, quantities and prices are recorded based on the farmers’ recall.
The price of mix inputs such as pesticides, was derived by calculating the ratio of the total
cost to the total quantity used. The land price is based on informal market rates, determined
by the rents paid for land at the farm level. These rental values account for quality of the
land, which is categorized by farm operators into three fertility statuses: poor, medium and
good. This approach ensures that the land price reflects the perceived fertility and
productive potential of the land, as evaluated by the farmers themselves. The seed price
determined based on market rates, calculated by averaging the prices of both improved
and local seed varieties. This provided a representative seed price that accounted for the

different types of seeds used by the farmers.

The price of inorganic fertilizers was determined by averaging the prices of blended NPS
and Urea used during the 2020/21 cropping season. The combined price of labor and oxen
power was determined by averaging the prices of hired human labor and oxen labor, based
on informal market rates. We computed the implicit prices (opportunity costs) of owned
land, saved seed and family labor, given that most farmers are relied on these inputs. This
calculation allowed us to capture the value of these inputs as if they were being rented ,
purchased, or hired, providing a more comprehensive understanding of the true costs
involved in the cereal production process. The prices for various inputs were: land (9006
Birr), seed (18 Birr), fertilizer (14.25 Birr), pesticide (590 Birr) and labor-oxen (182 Birr)

per unit of each inputs.
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The study highlights the implementation of SAIPs, either in isolation or combination,
aimed at enhancing farmers' efficiency and resilience in cereal production. These practices
are expected to help farmers reach the minimum cost frontier, improve soil fertility, and
mitigate the adverse effects of climate variability. We consider these input-augmenting
(improved seeds and inorganic fertilizers) and land management practices (soil
conservation, drainage, manure and rotation) due to the fact that they provide cost
efficeincy and sustainability benefits to farmers. Accordingly, 7% of the plots use
manure,drainage and soil conservation together, and 25% the plots use improved seed,
rotation and inorganic fertilizers together. The study shows that, on average, each plot

utilizes two SAIPs simultaneously.
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Structural Variables Mean Std. Dev. Min. Max.  Proportion (%)
Cereal output (kg) 1247 1039 150 8700

Total cost of production (ETB) 11484 7730 1895 79487

Cost of land (ETB) 4622 4008 550 36000 38
Cost of seed (ETB) 739 970 10 12000 7
Cost of Ferlizers (ETB) 1061 971 0 11400 9
Cost of pesticides (ETB) 237 359 0 4600 2
Cost of labor and draft power 4825 2908 774 26688 44
(ETB)

Land cultivated (ha) 0.5 0.4 0.062 3

Average land rental price 9006 1865 1100 13000

(ETB/ha)

Average seed price (ETB/kg) 18 5 8 49

Average ferilizer price (ETB/kg)  14.25 0.75 12.35 14.80

Average pesticide price (ETB/Lt) 590 197 250 1200

Average labor and oxen power 182 24 150 225

price (ETB/MD)

Use of manure, drainage and soil 71 (7%)

conservation (yes)

Use of improved seeds, rotation 266

and fertilizers (yes) (25%)

Total number of sustainable 2 1 0 5

practices

Source: Own field survey data, 2021

4.3. Econometric Model Results

In this section the results of econometric model estimates are presented. These include

estimates of multivariate probit and ordered probit model results for the determinants of

investments in SAIPs, multivariate probit and fractional response model estimates for the

drivers of income diversification activities, multinomial endogenous switching regression
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model results for the evaluation of impact of investments on selected (improved seed,
iorganic fertilizers and soil conservation structures) practices and combined SAIPs on net

farm income, and the results of stochastic cost frontier and cost inefficiency models.

4.3.1. Investments in SAIPs by farmers

4.3.1.1. Factors influencing the choice decisions of investments in SAIPs

The MVP model is estimated with the maximum likelihood approach on plot level
observation with Mundlak’s average plot varying variables. The goodness of the MVP
model is evaluated using the Wald test [Wald chi2 (208) =1937.6, p=0.000], implying that
the null hypothesis that all regression coefficients of explanatory variables in each equation
are jointly equal to zero is rejected. More specifically, the explanatory variables in each
equation contribute significantly to explain the decision to invest in SAIPs. The correlation
between the covariance of the error terms is evaluated using the likelihood ratio test [Wald
chi2 (28) =270.29, p=0.000] result implies the null hypothesis of no correlation between
covariance of the error terms between the decision to invest in SAIP across eight equations
is also rejected. More specifically, the correlation coefficient among the eight equations is
significantly different from zero at a 1% significant level, implying that the MVP model
best fits the dataset, which accounts for the unobserved correlations across decisions to

invest in multiple SAIPs.

Table 28 presents the simultaneous estimates of explanatory variables across eight
equations and the correlations between error terms from MVP model results. It provides
the direction and coefficient of the driving forces behind farmers’ choice decisions to
invest in SAIPs. Results showed that the choice decision to invest in SAIPs is different and
the factors driving the decision of each of them are also different but interrelated implying
the heterogeneity in the decision to invest in SAIPs. Apart from the main variables of
interest, the estimates of the MVP model revealed that a number of hypothesized
household and plot characteristics, asset endowments, institutional and environmental

factors had a significant and differential impact on the choice decision to invest in SAIPSs.

Male headed households are more likely to invest in improved seeds and inorganic

fertilizers than their counterparts. This is consistent with the findings by Theriault et al.
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(2016) and Zerihun et al. (2018) who reported that gender of the household increases
inorganic fertilizers adoption. However, it is in contrast with the findings by Ndiritu et al.
(2014), who found gender had no effect on the adoption of improved seed and chemical
fertilizers, and Chilot et al. (2015), who found that gender negatively affects adoption of
improved barley seeds. The results indicate that female-headed households managed plots
have less chance of receiving improved crop varieties and inorganic fertilizers implying
that technology adoption is not gender-neutral. The possible explanation for this is that
female-headed households own fewer resources, information, and credit on these inputs
which may limit them to use. We also found that the gender of the household declines the
decision to invest in drainages, implying that male-headed households are less likely to use
drainages on their plots. In other words, plots managed by female-headed households are
more treated with drainage. The possible explanation for this can be, unlike other labor-

intensive practices, drainage can be easier to implement with limited external labor.

Age of the household head was found to positively influence farmers’ decisions to invest in
both cereal-legume rotation and soil conservation practices. This indicates that plots
managed by older farmers were more treated with legumes as a precursor crop and soil
conservation practices. This is consistent with the findings by Theriault et al. (2016) and
Zerihun et al. (2018) who found that age of the household head impacts the adoption of
soil conservation practices. The possible explanation for this is that older farmers have
more experience with these practices than their counterparts. The results showed that the
average years of schooling of the household members positively impacted farmers’
decisions to invest in improved seeds and declined farmers’ decisions to invest in soil
conservation and vegetation (agroforestry) practices. This is in line with findings by
Solomon et al. (2016) who found that education of the household positively impacted the
adoption of modern inputs including improved seeds and Zerihun et al. (2018) who found
that education declines the adoption of soil and water conservation practices. The possible
explanation for this is that farmers are at a level of education (5 years of schooling on
average). The results highlight the important role of a household's education for the choice
to invest in improved seeds because it helps to acquire more information about improved

seeds and interpret the advantages.

The results revealed that family size in the working-age group negatively influenced

farmers’ decisions to invest in most of SAIPs including improved seeds, drainages, and
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soil conservation practices. This indicates that plots managed by a greater number of
household members are less likely to receive improved seeds, drainages, and soil
conservation practices. This is in line with the findings by Jabbar et al. (2020) who found
that family size negatively affected adoption of agricultural technologies. However, Ndiritu
et al. (2014) and Menale et al. (2015) found family size to be positively correlated with the
adoption of soil and water conservation practices. The possible explanation for this is
persons in the working-age group may engage in various non-farm activities (observed)
which may limit them to invest their time in labor-intensive practices and have liquidity
constraints to buy improved seeds.

Livestock ownership positively and significantly influenced farmers’ decisions to invest in
organic fertilizers (manure/ compost), but declined the use of inorganic fertilizers. This
implies that farm households with greater numbers of livestock are more likely to invest in
organic fertilizers but less likely to invest in inorganic fertilizers. This is in line with the
findings by (Hailemariam et al., 2013; Ndiritu et al., 2014; Menale et al., 2015) who found
that livestock holding positively affected adoption of manure. This might be for the
obvious reason that the availability of manure depends on the size of livestock a household
owns. The negative effect on the choice of inorganic fertilizers indicates that the use of

manure/compost substitutes inorganic fertilizers use.

The results revealed that plot size positively and significantly influenced the choice
decisions of investments in drainage, but reduced choice decisions to invest in improved
seeds, legume-cereal rotation, inorganic fertilizers, manure/compost, pesticides, vegetation,
and soil conservation practices. This is similar to the findings by Menale et al. (2015),
Solomon et al. (2016) and Zerihun et al. (2018) who found that increased farm size
positively affected water conservation practices. It is contrary to the findings by Menale et
al. (2013) who found that plot size positively influenced the decision to invest in improved
seeds, and Theriault et al. (2016) who found that plot size positively influenced the
adoption of yield-enhancing inputs (improved seeds and mineral fertilizers) and yield-
protecting inputs (herbicides, fungicides, and insecticides). This implies that large-sized

plots are more likely to be treated with drainage practices compared to other SAIPs.

Temperature and rainfall are the most important weather variables which condition the use

of modern inputs and soil-restoring practices. The results revealed that greater variability
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in maximum temperature positively and significantly influenced farmers’ choice decisions
to invest in drainage and soil conservation practices. Jabbar et al. (2020) also reported that
high variability in temperature positively impacts the adoption of improved seeds, rotation,
and organic fertilizers. We also found that greater variability in rainfall positively and
significantly influenced farmers’ choice decision to invest in improved seeds, inorganic
fertilizers, drainage, and declined farmers’ choice decision to invest in soil conservation
practices. This is in line with findings by Theriault et al. (2016) who reported that an
increase in the coefficient of variation of rainfall positively impacts the adoption of yield-
enhancing practices. This indicates that rainfall with less variability means high rainfall
which may cause waterlogging (common in highland areas) which suppresses crop growth
and production. However, it is contrary to findings by Solomon et al. (2016) who found
that greater variability in rainfall is inversely related to the adoption of modern inputs
(improved seeds and mineral fertilizers) which is common in water stress areas. Findings
suggest that smallholder farmers are responding to climate variables diversely depending

on the availability of SAIPs and the weather conditions taken into account.

Secure land tenure is believed to encourage farmers to invest in sustainable practices on
their farms. The results revealed that land security in terms of having a land certificate
positively and significantly influenced farmers’ choice decisions to invest in drainage
practices on their plots, holding other things constant. However, getting a land certificate
was found to decline the likelihood of investments in inorganic fertilizers. The results
indicate that plots with a land certificate are more likely to be drained, and plots without a
land certificate are mainly rented/shared in-plots, which may limit the adoption of other
sustainable practices. This is contrary to the findings by Theriault et al. (2016) who found
that tenure security positively affects the adoption of yield-enhancing inputs including

inorganic fertilizers.

Plot distance from a residence is an important variable to limit investment in agricultural
practices, mainly soil-restoring activities. The results revealed that plots away from a
residence are more likely to receive improved seeds but less likely to be treated with
vegetation and soil conservation practices. This is similar to the findings by Hailemariam
et al. (2013), Ndiritu et al. (2014) and Solomon et al. (2016) who found that plot distance
positively affected adoption of improved seeds but negatively affected soil conservation

practices. This implies that plots far away plot managers’ residences are less likely to
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receive most sustainable practices implying distance bears more transaction costs via

transportation, mainly for investments in labor-intensive practices.

Rural income diversification could be an important variable that limits investments in
agricultural technologies through resources (labor, land, and finance) allocations. The
results revealed that a relatively high level of income diversification positively and
significantly influenced farmers’ choice decisions to invest in cereal-legume rotation,
organic fertilizers, pesticides, and vegetation. The results indicate that plots managed by
households with more income- diversification are more likely to receive at least half of the
SAIPs, implying a linkage exists between income diversification and investments in
SAIPs. The possible explanation is earnings from diversification leverage to invest in the
components of SAIPs. This is contrary to the findings by Zerihun et al. (2018) who
reported income diversification (off-farm) negatively affects the adoption of soil and water

conservation practices and inorganic fertilizers.

Farm income is an important element for rural livelihoods which may limit investments in
agricultural technologies (Benitez-Altuna et al., 2021). As expected, we found that cash
income from the sale of staple crops positively and significantly influenced farmers’
decisions to invest in almost all SAIPs including improved seeds, legume-cereal rotation,
inorganic fertilizers, manure/compost, pesticides, vegetation, and soil conservation
practices. The results indicate that plots managed by households with higher cash crop
income are more likely to receive almost all sustainable intensification practices. This
implies that there exists a positive relationship between income and investments in
agricultural technologies. This finding is in line with findings by Hailemariam et al. (2017)
who found that net farm income positively impacted drainage (farm water management),

improved seeds, and inorganic fertilizers.

The agricultural commercialization cluster (ACC) is believed to enable smallholder
farmers to engage in higher productivity and market-oriented production through
information and input provision (FAO, 2010). The results revealed that ACC positively
and significantly influenced farmers’ decisions to invest in improved crop varieties and
farm water management (drainages). This is in line with the findings by Ochieng et al.
(2016) who found that ACC enhanced adoption of improved seeds and fertilizers. The

results indicate that plots consolidated in ACC are more likely to receive improved seeds
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and drainages. This is because ACC mostly targets yield-enhancing improved crop
varieties and farm water management often done in consensus with neighboring farm

owners in the cluster.

The results revealed that access to credit positively and significantly influenced farmers’
decisions to invest in vegetation and soil conservation practices. The results indicate that
plots managed by households who received credit are more likely to receive vegetation and
soil conservation practices. This is contrary to the findings by Ndiritu et al. (2014) who
reported that access to credit less likely impacted the decision to invest in improved seeds,
soil and water conservation practices, and minimum tillage. Other findings by Zerihun et
al. (2018) reported that credit positively impacted manure application and Teklewold et al.
(2013) also reported that credit influences the adoption of improved seeds and inorganic

fertilizers.

Membership in any type of agricultural cooperative is believed to influence the adoption of
agricultural technologies (Tesfamicheal et al., 2013). The results revealed that membership
to agricultural cooperatives positively and significantly influenced farmers’ decisions to
invest in improved crop varieties, inorganic fertilizers and vegetation. This is in line with
the findings by Kolade and Harpham (2014), and Ahmed (2015) and Manda et al. (2020)
who found that cooperative membership influenced adoption of improved seeds and
fertilizers. The results indicate that plots managed by members of a cooperative are more
likely to receive improved seeds, inorganic fertilizers, and vegetation. The results suggest
the need for policies that promote agricultural cooperative and improve their effectiveness

for scaling-out/ up of improved technologies.

Regarding plot characteristics, the results showed that plots with moderate to poor soil
fertility conditions are more likely to receive farm water management and soil conservation
practices, but they are less likely to receive cereal-legume rotation. Farmers’ choice
decision to invest in soil conservation practices is more likely on plots with steep
topography. Plots with gentle to medium topography are less likely to receive soil
conservation practices, and plots with steep topography are less likely to receive water
management practices. The results suggest that investments in sustainable practices are

heterogeneous based on plot-specific attributes. This is consistent with the findings by
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Hailemariam et al. (2013), Menale et al. (2015), Solomon et al. (2016), and Theriault et al.

(2016) who found that plots with steep slope received soil and conservation practices.

The results revealed that, on average, the amount of salary paid to extension (development)
agents at the kebele level positively and significantly influenced farmers’ decision to invest
in improved seeds, inorganic fertilizers, and drainages, and declined the use of soil
conservation practices. This is similar to the findings by Ndiritu et al. (2014), Solomon et
al. (2016), Theriault et al. (2016) and Jabbar et al. (2020) who found that extension contact
enhanced adoption of external inputs. The results indicate extension agents with a better
salary stay in their mandate kebeles to make frequent contact with farmers and share
information, and hence plots in this area are more likely to receive these practices. Zerihun
et al. (2018) also found that extension service negatively affects soil conservation,
vegetation, and farm water management practices. The results revealed that training
positively and significantly affects farmers’ choice to invest in improved seeds and
inorganic fertilizers. The results suggest the need for policies that strengthen extension

systems to include soil-restoring practices in their daily routines.

Farmers usually learn new farming practices from their neighboring farms either through
copying the same practices or teaching each other. Peer farmers and farms are alternative
information sources on technology uptake (Adegbola and Gardebreok, 2007). The results
revealed that having a greater number of peer farms near the plots positively and
significantly influenced the decision to invest in water management practices, but reduced
the uptake of manure/compost. In other words, plots surrounded by a greater number of
peer farms are more likely to receive drainages but less likely to receive manure/compost.
The results also showed that plots perceived degraded are more likely to receive water

management and vegetation practices.

With respect to study location which reflects unobservable spatial differences, the results
revealed the differential effect of location on the decision to invest in SAIPs. Ceteris
paribus, farmers’ decision to invest in improved seeds, inorganic fertilizers, and manuring
practices in the west Shewa zone are higher. Differently, investment in legume rotation,
farm water management, and soil conservation by farmers were lower in the West Shewa
zone. The results suggest that efforts to increase short term investments in improved crop

varieties and inorganic fertilizers (yield-enhancing inputs) would likely be effective if
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directed towards north Shewa in the Amhara region, and long-term investments in soil-
restoring practices of legume rotation, farm water management, and soil conservation
would be effective if directed towards in west Shewa zone in Oromia region. This is
consistent with the findings of Chilot et al. (2015) who found study sites affected adoption
of agricultural technologies.

Study results also revealed that some of the sustainable agricultural intensification
practices show complementarity/synergy while some others show substitutability/trade-
offs. More specifically, improved variety and inorganic fertilizer, pesticides and inorganic
fertilizer, vegetation and organic fertilizer, and soil conservation practices and vegetation
are positively correlated at a 1% significant level implying high complementarity between
them. A negative correlation is observed between inorganic and organic fertilizers,
pesticides and organic fertilizers, vegetation and cereal-legume rotation, soil conservation
practices and variety, rotation and fertilizer use, implying investment in soil conservation

practices can significantly reduce investments in other external inputs.
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Variables Variety Rotation Fertilizer Manure/com  Pesticides  Drainage Vegetation Soil cons
Coefficient Coefficient  Coefficient Coefficient Coefficient  Coefficient Coefficient Coefficient
(SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE)
Sex 0.363** -0.086 0.356** -0.090 0.136 -0.313** -0.246 0.048
(0.142) (0.149) (0.168) (0.175) (0.136) (0.136) (0.206) (0.157)
Age -0.002 0.008* -0.004 -0.001 -0.005 -0.005 0.004 0.008**
(0.004) (0.004) (0.004) (0.004) (0.004) (0.003) (0.005) (0.004)
Education 0.057*** -0.027 -0.002 -0.009 -0.012 0.002 -0.089*** -0.042*
(0.020) (0.022) (0.027) (0.026) (0.020) (0.020) (0.034) (0.024)
Family size -0.072** -0.011 0.053 -0.013 -0.028 -0.102***  0.080* 0.002
(0.029) (0.031) (0.038) (0.036) (0.029) (0.028) (0.045) (0.034)
Livestock -0.039 -0.136 -0.330***  (0.395*** -0.015 0.032 0.010 -0.002
(0.080) (0.086) (0.115) (0.104) (0.078) (0.079) (0.122) (0.093)
Plot size -1.451*** -1.062*** -1.135%** -1.192** -0.285* 0.271* -1.007*** -1.341***
(0.156) (0.156) (0.198) (0.170) (0.155) (0.139) (0.211) (0.162)
Temperature -0.575 -0.695 -0.390 0.575 -0.649 0.983** 0.471 0.886*
(0.385) (0.433) (0.573) (0.518) (0.401) (0.374) (0.666) (0.455)
Rainfall 1.016** 0.783* 3.587*** 0.519 -0.628 2.439%** 0.292 -1.509***
(0.398) (0.457) (0.956) (0.576) (0.394) (0.411) (0.777) (0.540)

Source: Own field survey data, 2021
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Variables Variety Rotation Fertilzer Manre/com  Pesticide Drainage Vegetation Soil cons
Coefficient Coefficient  Coefficient Coefficient Coefficient  Coefficient Coefficient Coefficient
(SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE)
Land certificate 0.055 0.125 -0.374* 0.072 -0.039 0.446*** 0.019 0.160
(0.121) (0.133) (0.186) (0.159) (0.121) (0.119) (0.208) (0.140)
Plot distance 0.121%** -0.007 -0.219***  -0.015 -0.067** -0.017 -0.106** -0.062*
(0.033) (0.035) (0.042) (0.038) (0.032) (0.032) (0.046) (0.037)
Extent of income -0.074 0.384** 0.112 0.491** 0.303* 0.067 0.650*** 0.126
diversification (0.167) (0.181) (0.213) (0.201) (0.165) (0.162) (0.250) (0.188)
Crop income 1.757%** 1.284*** 1.411%** 1.206*** 0.482*** -0.104 0.988*** 1.470%**
(0.151) (0.149) (0.188) (0.162) (0.145) (0.131) (0.199) (0.153)
Plot clustering (ACC) 0.231** 0.106 0.161 -0.072 0.145 0.238*** -0.134 -0.385
(0.103) (0.106) (0.126) (0.114) (0.100) (0.102) (0.136) (0.120)
Credit 0.039 -0.172* 0.149 -0.015 -0.088 0.035 0.466*** 0.400***
(0.091) (0.097) (0.123) (0.109) (0.089) (0.090) (0.120) (0.105)
Membership to coop 0.215%** 0.047 0.431*** 0.105 -0.010 0.060 0.314*** 0.010
(0.080) (0.085) (0.112) (0.094) (0.080) (0.079) (0.116) (0.093)
Soil fertility (moderate)  0.105 -0.065 0.203 0.111 0.049 0.211* -0.031 0.359**
(0.121) (0.131) (0.159) (0.149) (0.122) (0.117) (0.194) (0.139)

Source: Own field survey data, 2021
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Variables Variety Rotation Fertilizer Manure Pesticides Drainage Vegetation Soil cons

Coefficient (SE) Coefficient Coefficient Coefficient Coefficient  Coefficient Coefficient Coefficient
(SE) (SE) (SE) (SE) (SE) (SE) (SE)

Soil fertility (poor) -0.154 -0.493** -0.068 0.082 -0.038 0.462** -0.209 0.433*
(0.210) (0.225) (0.250) (0.244) (0.202) (0.202) (0.306) (0.231)

Slope (gentle to medium)  0.058 -0.008 -0.019 0.101 -0.099 -0.055 0.087 -0.497%**
(0.128) (0.134) (0.161) (0.154) (0.127) (0.124) (0.202) (0.147)

Slope (steep) -0.111 -0.121 -0.230 0.072 -0.106 -0.360*** -0.117 0.250*
(0.119) (0.126) (0.148) (0.142) (0.118) (0.116) (0.185) (0.135)

Salary of DAs 2.237*** 0.341 1.936*** -0.752 -0.027 0.744** 0.561 -1.865***
(0.340) (0.404) (0.548) (0.506) (0.355) (0.325) (0.670) (0.402)

Training on crop 0.224%*** -0.088 0.372%** -0.080 0.080 -0.027 0.152 -0.043

production (0.079) (0.084) (0.100) (0.095) (0.078) (0.077) (0.124) (0.092)

Peer farms -0.007 -0.013 -0.019 -0.067*** -0.024 0.037** 0.001 -0.013
(0.015) (0.016) (0.018) (0.018) (0.015) (0.015) (0.021) (0.017)

Perception to plot 0.061 0.129 -0.104 0.277 -0.039 0.425*** 0.633*** 0.907

degradation (0.090) (0.094) (0.113) (0.102) (0.088) (0.089) (0.118) (0.102)

Location 1.663*** -0.737*** 3.035*** 1.096*** -0.428 -1.515%** 0.490 -2.567***
(0.208) (0.235) (0.452) (0.294) (0.206) (0.208) (0.390) (0.265)

Constant -40.691*** -20.249*** 42 273*** -13.202***  -1.448 17.072%** -21.700*** 2.509

(3.928) (4.423) (6.948) (5.211) (3.854) (3.691) (7.320) (4.492)

Number of observations 1465

(plots)

Number of observations 385

(HHSs)

Wald chi2 test (208) 1937.6

Prob >chi2 0.000

Log likelihood -5249.49

Source: Own field survey data, 2021



161

Table 28. (continued)

SAIPs Variety Rotation Fertilizer Manure Pesticides Drainage Vegetation  Soil conservation
Coff. Coff. Coff. Coff. Coff. Coff. Coff. Coff.
(SE) (SE) (SE) (SE) (SE) (SE) (SE) (SE)
Rotation 0.258***
(0.045)
Fertilizers 0.259*** 0.134**
(0.054) (0.055)
Manure/com -0.015 -0.040 -0.408***
(0.051) (0.052) (0.050)
Pesticides 0.012 -0.023 0.482*** -0.312***
(0.044) (0.046) (0.044) (0.047)
Drainage -0.076* -0.025 -0.012 -0.024 0.054
(0.043) (0.045) (0.050) (0.048) (0.042)
Vegetation -0.087 -0.150**  -0.089 0.174** -0.183***  -0.018
(0.062) (0.064) (0.068) (0.068) (0.064) (0.064)
Soil conservation -0.148***  -0.106**  -0.180***  -0.011 -0.016 0.028 0.138**
(0.049) (0.052) (0.058) (0.053) (0.049) (0.049) (0.063)

Notes: LR test of rho21 = rho31 = rho41 = rho51 = rho61 = rho71 = rho81 = rho32 = rho42 = rho52 = rho62 = rho72 = rho82 = rho43 = rho53 =
rho63 = rho73 = rho83 = rho54 = rho64 = rho74 = rho84 = rho65 = rho75 = rho85 = rho76 = rho86 = rho87 = 0: chi2(28) = 270.291 Prob > chi2
= 0.000; Significance level: *=10%; **=5% and ***=1%

Source: Own field survey data, 2021
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4.3.1.2. The ordered probit model results

In the previous section, we investigated factors that influence farmers’ choice decisions to
simultaneously invest in particular SAIPs, taking into account the fact that the decision
may be potentially correlated. Therefore, an ordered probit model examines factors that
influence the extent of investments in various combinations of SAIPs (scaling the total
number of SAIPs applied). Moreover, the variables that influence farmers’ choice

decisions to invest may differently influence the extent of investments in SAIPs.

The estimates of the restricted and unrestricted ordered probit model and results of
marginal effects of explanatory variables are presented in Table 29. Although the
magnitude of coefficients is different, the same variables were significant in both restricted
and unrestricted models. We rejected the null hypothesis that the restricted and unrestricted
ordered probit models are the same (¥2 =12.838: Prob >chi2 = 0.000) with three degrees of
freedom. Higher values of Pseudo R? (0.198), widely dispersed cut-points and a decrease
in AIC and BIC magnitude implies a better improvement in the model’s goodness-of-fits.
Most of the explanatory variables such as coefficient of variation in maximum temperature
and rainfall, income diversification, crop income, agricultural commercialization cluster,
access to credit, membership to cooperative, perceived soil fertility and plot’s slope
condition, and extension services measured in monthly salary of extension agents had a
strong positive relationship with the extent of investments in SAIPs. However, family size,
plot size, steep topography, study sites, and a number of peer farms showed a strong

negative relationship with the extent of investments in a combination of SAIPs.

Regarding the marginal effects, the results revealed that family size reduced the extent of
investments in moderate to a high level of SAIPs by 1% and 1.6%, respectively. Plots
operated by farm households with more livestock holding received a high level of
investment in more than four SAIPs. Plot size was found to reduce the extent of
investments in a bundle of SAIPs. More specifically, it drastically reduces moderate, high,
and very high levels of investments by 27%, 45.6%, and 0.3%, respectively. Rainfall in
coefficient of variation was found to increase the extent of investments in a greater number
of SAIPs, this may be the same possible reason mentioned in above. Land tenure security
in terms of having a land certificate was found to increase the extent of investments in

moderate to a high level of SAIPs by 3.1 and 4.4 percentage points, respectively. Plots



163

operated by farm households with greater income diversification received moderate to a

high level of SAIPs and increased by 3.8% and 6.4%, respectively.

Cash income from crops sales was found to substantially increase the extent of investments
in moderate, high and very high level of SAIPs at the plot level by 32.4%, 54.8%, and
0.4%, respectively. Agricultural commercialization clustering was found to increase the
extent of investment in moderate to high levels of SAIPs by 2.7% and 5.5%, respectively.
Access to credit to buy agricultural inputs was found to increase the extent of investments
in moderate to high levels of SAIPs by 2 and 3.7 percentage points, respectively.
Membership to agricultural cooperatives was found to increase the extent of investments in
moderate, high and very high levels of SAIPs by 3.7, 7.2 and 0.1 percentage points,
respectively. Plot characteristics such as fertility and topography were found to influence
the extent of investments in various combinations of SAIPs. Extension services were also
found to substantially increase the extent of investments in moderate, high and very high
levels of SAIPs by 12.2%, 20.6% and 0.2%, respectively. Plots perceived degraded were
found to receive an increased number of SAIPs; more specifically, it increases the extent of
investments in moderate, high and very high level of SAIPs by 6.3, 15.5, and 0.2
percentage points, respectively. The results also showed that study sites reduce the extent

of investments in a multiple of SAIPs (from moderate to high level).
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Table 29. Coefficient estimates of the ordered probit model

Variables Restricted (fixed-effect) OP model Unrestricted  (random)
OP model
Coef. RoSE Marginal effects on each outcome Coef. RoSE
None (1) Low (2) Moderate (3)  High (4) Very high (5)

Sex 0.131 0.135  0.001 -0.052 0.021 0.031 0.000 0.118 0.111
Age 0.002 0.003  -0.000 -0.001 0.000 0.001 0.000 0.000 0.003
Education -0.010 0.019  0.000 0.004 -0.001 -0.002 -0.000 -0.007 0.016
Family size -0.065** 0.029  0.000 0.025** -0.010** -0.016** -0.000 -0.058** 0.024
Livestock 0.005 0.068  -0.000 -0.002 0.001 0.001* 0.000 0.007 0.058
Plot size -1.826*** 0.203  0.008*** 0.721%** -0.270*** -0.456*** -0.003** -1.566*** 0.177
Temperature 0.092 0.348  -0.000 -0.036 0.014 0.023 0.000 0.279 0.287
Rainfall 1.511*** 0.319  -0.006** -0.597*** 0.223*** 0.377*** 0.003* 1.284*** 0.271
Land certificate 0.189* 0.105  -0.001 -0.074* 0.031* 0.044* 0.000 0.175** 0.086
Plot distance -0.046 0.030  0.000 0.018 -0.007 -0.012 -0.000 -0.081*** 0.026
Income divers. 0.257* 0.143  -0.001 -0.101* 0.038* 0.064* 0.000 0.277** 0.127
Crop income 2.196*** 0.201  -0.009*** -0.867*** 0.324*** 0.548*** 0.004** 1.900*** 0.173
ACC 0.209** 0.092  -0.001** -0.082** 0.027** 0.055** 0.000 0.214** 0.084
Credit 0.143* 0.079  -0.001 -0.056* 0.020* 0.037* 0.000 0.187*** 0.072
Coopmembership 0.276*** 0.068  -0.001 -0.109*** 0.037*** 0.072*** 0.001* 0.227*** 0.061
Soil fertility (mod.)  -0.049 0.187  0.000 0.019 -0.007 0.012 -0.000 -0.047 0.160
Soil fertility (poor) 0.227* 0.134  -0.001 -0.089* 0.035 0.055* 0.000 0.222* 0.115
Slope (gentle) -0.055 0.113  0.000 0.022 -0.008 -0.014 -0.000 -0.090 0.098
Slope (steep) -0.178* 0.101  0.001 0.070* -0.029 -0.042* -0.000 -0.186** 0.087
Salary of DAs 0.826*** 0.296  -0.003* -0.326*** 0.122%** 0.206*** 0.002* 0.787*** 0.23
Training 0.044 0.068  -0.000 -0.018 0.007 0.011 0.000 0.101* 0.059
Peer farms -0.023* 0.013  0.000 0.009* -0.003* -0.006* -0.000 -0.019* 0.011
Perception degrad. 0.562*** 0.078  0.002** -0.218*** 0.063*** 0.155%** 0.002*** 0.532%** 0.071
Location -0.414** 0.171  0.002* 0.163** -0.061** -0.103** -0.001 -0.468*** 0.146

Notes: *** p<0.01, ** p<0.05, * p<0.1
Source: Own field surevy data, 2021
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Variables Coef. RoSE  Coef. RoSE
W 34.916***  3.766  30.656***  3.115
U2 37.934*** 3.800 31.485*** 3.115
U3 38.902*** 3.807  32.457***  3.123
Ha 41.224%** 3.830 33.442*** 3.13

s 34.384*** 3,139
Us 35.139***  3.144
W7 35.88*** 3.149
Chi-square 522.789 533.663

Prob > chi2 0.000 0.000

Pseudo r-squared 0.198 0.128

Log-likelihood -1318.176 -2258.0

LR 1880.492, x5 =12.838 (Prob >chi2 = 0.000)
AIC 2696.353 4584.845 (1888.5)
BIC 2855.041 4764.692 (1909.6)
Observation (plots) 1465

Observation (households) 385

Notes: *** p<0.01, ** p<0.05, * p<0.1

Source: Own analysis

4.3.2. Income diversification activities

4.3.2.1. Choice of income diversification
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Table 30 provides the MVP model estimates where it is hypothesized that choice or

participation decisions can be made simultaneously, and then the unobserved error terms

for each six probit equations of diversification strategies would be correlated. We find

0.066 of a McFadden R-square, implying the variables jointly explained the model at a 1%
level of statistical significance [Wald chi2 (90) =227.32, p=0.000]. Second, the model-fit

of MVP was tested using likelihood ratio test that the null hypothesis of independence

between choice decisions of diversification strategies was rejected [with Wald chi2 (15)
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=108.148, p=0.000]. This justifies that the MVP model is the appropriate estimation
technique compared to separate probit equations to estimate the choice decision of income

diversification by farm households.

Unlike prior studies which used univariate logit and probit models, the multivariate probit
model results show that farm households’ decision to participate in income diversification
activities varies significantly and explanatory variables have heterogeneous effects on the
decision to participate in different income diversification activities. Age and education of
the household head, livestock and land holding size, food security status, distance to main
market and capital town, agricultural commercialization cluster, access to credit, rainfall
and temperature and use of sustainable agricultural practices were influencing the choice
decisions of income diversification by rural households. These variables had a significant

effect on participating at least in one income source.

The age of the household head has a negative and statistically significant influence on off-
farm, forest, and non-farm diversification. Older farmers are less likely to participate in the
diversification of their income sources into off-farm, forest, and non-farm sources. This
might be due to less participation of rural households at the older age. The possible reason
for this will be farmers at the older age have lower expected payoff from a short planning
horizon over benefits can accrue. The results are consistent with Danso-Abbeam et al.
(2020) who found the age of the household head reduces the probability of participation in
non-farm diversification activities in Ghana. Bekelu and Abdi-Khalil (2013) and Geremew
et al. (2017) also found that the age of the household head reduces the probability of
participation in livelihood diversification activities; implying young farm operators are

more likely to follow income diversification activities than their counterparts in Ethiopia.

Education is a proxy for an investment in human capital that enables households to acquire
and process information and make decisions to participate in varied income diversification
activities through their family labor and other scarce resources allocation. Results reveal
that education attainment positively and significantly influences choice decisions of farm
households for participating in non-farm and other income sources. The results imply that
educated households are more likely to participate in non-farm and other income
diversification sources. In other words, rural households led by educated head are more

willing to collect and easily interpret information about non-farm and other income sources
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to increase income and improve food security. Similar results were reported by Escobal
(2001), Ghimire et al. (2014) and Drall and Mandal (2021) that education had positive

impact on non-farm participation.

The coefficient of interaction between age and education was negative and significant in
influencing farmers’ choice decisions of income diversification into other income sources.
This implies that households led by older household heads with increased years of
schooling are less likely to participate in other income sources. In other words, the negative
significant impact of the interaction between age and education suggests that households
with older household heads are also less able to direct extra effort in income diversification
from other income sources. This might be due to education and age of the household head
measures the human capital of the head not of the entire household. The results suggest
that households led by younger and educated heads are more likely to participate in other
income sources. This is in line with the work by Memon et al. (2020) who found that the
interaction of age and education level reduces the probability of income diversification in

Pakistan.

Livestock holding is found to have a positive effect on choice decisions of income
diversification into forest, livestock, crops and other sources, but a negative effect on off-
farm and non-farm sources. The results suggest that farm households with higher livestock
holding are more likely to participate in forest, livestock, crops and other sources while it
reduces the likelihood of participation in off-farm and non-farm income diversification
activities. The reason for a positive effect of livestock holding is obvious while a possible
reason for a negative effect on off-farm and non-farm is, often livestock is considered as
livelihood resilience in the face of climate change, crop failure, and farming shocks.
Similar findings was also reported by Fassil and Elias (2016) who found livestock holding
negatively and statistically influence household’s choice of off-farm income diversification
activities in Ethiopia. Other similar findings were also reported in studies by Djido and
Bekele (2018) from Uganda Nigeria. The results demonstrate that the same explanatory
variables display different effects (direction) on the various choice decisions of income
diversification by the same households. These important economic relationships cannot be

captured in a single equation model used by most previous studies discussed now.
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The size of landholding had a positive and statistically significant impact on income
diversification from forest, livestock, and off-farm sources. The results suggest that rural
households with larger land size are more likely to participate in income diversification
from forest, livestock, and off-farm sources. A positive and significant association between
the size of landholding and income from forest and livestock is in line with our expectation
but a positive and significant association with off-farm income is contrary to our
anticipation. This might be the fact that evidence on income share of off-farm and on-fam
in total income is mixed in relation to landholdings, and/ or inequality in off-farm income
may translate to inequality of land access (Reardon et al., 2000; Abdulai and Crolerees,
2001). In this regard, the finding gives lend support to the concept that land upsurges
households’ investment in off-farm activities (Abdulai and Crolerees, 2001). This finding
is consistent with studies by Amare and Belaineh (2013), Bekele et al. (2017), Djido and
Bekele (2018), Mekonnen and Edilegnaw (2019), Khanal (2018), and Danso-Abbream et
al. (2020) who found the size of landholding had a positive influence on the household’s

choice of on-farm and non-farm diversification.

The results indicate that households being food insecure had a positive and significant
impact on the choice decisions of income diversification from off-farm, forest, and
livestock sources while it had a negative and significant impact on crop income source.
This suggests that households unable to meet food from own produce (crop) are more
likely to participate into off-farm, forest, and livestock income sources. This result
supports the findings by Mathewos and Nigatu (2016) who observed that food for work
which mainly designed for food insecure households, increased income diversification.
Similar results were reported by Wan et al. (2016); Misganaw et al. (2019) and Bekele et
al. (2019) in Ethiopia. Other studies also indicated that the main motive for income
diversification is diluting the impact of food insufficiency, and reducing fluctuations in
crop production due to crop failure (Ellis, 2000; Hansson et al., 2013). The results suggest
that farm households facing food insecurity and crop failure are more likely to diversify

their income sources into a bundle of non-crop income sources.

As noted earlier, we incorporated two market access variables namely distance to the
nearest main market and distance to the capital town. As expected, households farther from
the nearest main market have a negative and significant influence on the choice decisions

of income diversification from non-farm activities. This indicates that farm households
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near the nearest main market are more likely to diversify their income sources into non-
farm activities. The results also show that farm households farther from Woreda’s capital
town had a positive and significant influence on the choice of income diversification from
off-farm activities. This result is plausible because off-farm (farm activities outside own
farm) activities are mainly concentrated in rural areas than urban areas. Similar results
reported by Bekelu and Abdi-Khali (2013), Mathewos and Nigatu (2016), Bekele et al.
(2019) and Algaga and Sisay (2020).

The results indicate that the use of credit positively and significantly impacted the choice
decisions of income diversification from livestock income source, implying that farm
households who received credit are more likely to participate in livestock income
diversification particularly dairying. This finding is plausible because livestock production
including dairying and fattening requires capital for investment. The result is consistent
with studies by Mathewos and Nigatu (2016), Dagunga et al. (2018), Misganaw et al.
(2019) and Bekele et al. (2019). The agricultural commercialization cluster (ACC) enables
farmers to access markets, information and value-added networks (FAO, 2010). ACC has a
positive and statistically significant impact on the choice decisions of income
diversification from off-farm, non-farm, and livestock sources. This result suggests that
farm households whose farm was consolidated in ACC are more likely to participate in off-

farm, non-farm, and livestock income sources.

Weather information is essential for agricultural decision-making. Knowledge of the
relationship between weather conditions (mainly rainfall and temperature) and rural
income diversification strategies is important to develop policies to enhance the adaptive
capacity of smallholder farmers to different shocks. We seek to understand whether choice
decisions of income diversification by farm households vary depending on spatial rainfall
and maximum temperature by using historical rainfall and temperature data from 12 points
each representing a pixel of 10x10km, which were reconstructions based on station records
and metrological satellite 456 observations (1981-2018) obtained from Ethiopian
Meteorology Agency (EMA). The results reveal that the coefficient of variation of rainfall
had a negative and statistically significant impact on income diversification from crop
production. These results suggest that cash income from crop produce is used less in places
with more variable historical rainfall. The results support the finding by Asravor (2017)

who found historical average rainfall decreases cropland diversification in northern Ghana.
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The results also show that the coefficient of variation in maximum temperature positively
and significantly impacted the choice decisions income diversification from crops and
other income sources. The results suggest that income diversification into crops and other
income sources are used more in places with more variable historical maximum
temperatures in the central highlands of Ethiopia. This can be best explained by the fact
that maximum temperature could favor crop production whereas the extreme minimum
temperature is a production problem in the study areas. This implies that current weather

variability has a significant influence on income diversification activities.

Investments in sustainable agricultural intensification practices (SAIPs) (indexed from the
count of technologies used) is mainly utilized as proxies for the physical agricultural
capital and extent of investment in SAIPs (Solomon et al, 2019). The results indicate that
investment in a bundle SAIPs has a positive and significant impact on the choice decisions
of income diversification from forest sources. The results suggest that households with a
higher index of investments in SAIPs are more likely to participate in forest production to
sell non-timber products as means of cash income. This can be best explained by forestry
being one component of sustainable agricultural practice and thus farm households both
maintain the environment and cash income from the sale of non-timber forest products.
This result is consistent with studies by Misganaw et al. (2019) who found higher
agricultural intensification increases the probability of choice of on-farm activities.
Fernandez-Cornejo et al. (2005) also indicated the interaction of income diversification

and agricultural technology adoption.

The pairwise correlation coefficient estimates between the six income diversification
equations in the MVP model is also presented in Table 30. These coefficients measure the
correlation between alternative income diversification activities after controlling for the
effect of explanatory variables (Dries et al., 2012; Khanal, 2018). Results show that most
correlation coefficients are significant implying a MVP model vyields a rigorous
comparison between alternative income diversification activities and choice decisions. We
found a significant positive correlation between non-farm and off-farm, forest and other
income sources, and livestock and other income sources; and a negative correlation
between crops and off-farm, crops and non-farm, and crops and livestock. A positive and
significant correlation between income diversification activities indicates that the choice

decisions to a particular income source increases the choices of the second income sources,
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implying a complementary (synergy) relationship between income sources whereas, a
significant and negative correlation indicates a substitution (trade-off) relationship between
income sources. This is in line with Khanal (2018), who found that off-farm diversification
positively influences on-farm diversification. We conclude that these types of insights

could not be gained through univariate model estimates.
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Table 30. Drivers of income diversification activities by farmers

Variables Off-farm Forest Non-farm  Livestock Crops Other
Coeff. Coeff. Coeff. Coeff. Coeff. Coeff.
(SE) (SE) (SE) (SE) (SE) (SE)
Sex 0.747 0.180 0.127 -0.274 0.246 -0.182
(0.595) (0.348)  (0.264) (0.282) (0.386) (0.280)
Age -0.050***  -0.021** -0.027*** -0.006 0.001 0.009
(0.016) (0.010)  (0.008) (0.007) (0.013) (0.008)
Education -0.023 -0.034 0.057* 0.015 -0.056 0.083**
(0.057) (0.041)  (0.031) (0.031) (0.047) (0.033)
Family size -0.119 -0.015 0.005 -0.009 0.092 0.024
(0.079 (0.055)  (0.040) (0.041) (0.067) (0.042)
Age*education (log) -0.044 -0.004 -0.036 -0.017 0.005 -0.099**
(0.068) (0.049)  (0.042) (0.039) (0.055) (0.0412)
Livestock (log) -0.152* 0.263* -0.101**  1.085***  (0.739***  (0.198**
(0.082) (0.154)  (0.061) (0.147) (0.216) (0.100)
Land (log) 0.178** 0.227**  0.025 0.084**  0.010 0.002
(0.088) (0.111)  (0.034) (0.038) (0.064) (0.042)
Food insecurity 1.190***  0.555**  0.556 0.557***  -0.887*** (0.141
(0.280) (0.253)  (0.197) (0.215) (0.288) (0.229)
Distance to market (log) -0.005 -0.149 -0.263***  -0.054 0.147 0.080
(0.146) (0.104)  (0.075) (0.079) (0.122) (0.088)
Distance to town (log) 0.260* 0.145 -0.137 -0.133 0.007 0.176
(0.146) (0.129)  (0.095) (0.109) (0.122) (0.118)
Access to credit -0.190 0.069 0.388 0.488* -0.187 -0.560
(0.533) (0.321)  (0.265) (0.291) (0.354) (0.376)
Agricultural clustering 0.781** 0.169 0.488***  0.459** -0.030 -0.213
(0.330) (0.228)  (0.188) (0.200) (0.277) (0.227)
Rainfall (CoV) -0.005 0.002 -0.004 -0.001 -0.025***  0.001
(0.008) (0.006)  (0.004) (0.005) (0.010) (0.005)
Temperature (CoV) -0.030 0.173 0.018 -0.046 0.692***  0.175*
(0.156) (0.133)  (0.090) (0.097) (0.233) (0.104
Use of SAIPs (index) -0.202 1.822*** 0.478 0.659 0.041 0.252
(0.747) (0.577)  (0.439) (0.434) (0.594) (0.466)
Constant 2.896 -3.559**  1.835* 0.434 -0.838 -2.446*

(1.909) (1.528)  (1.056)  (1.082)  (1.753)  (1.249)

Source: Own survey data and analysis
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Income sources Off-farm Forest Non-farm Livestock Crops Others
Coff. Coff. Coff. Coff. Coff. Coff.
(SE) (SE) (SE) (SE) (SE) (SE)
Forest -0.187
(0.166)
Non-farm 0.761*** 0.035
(0.073) (0.122)
Livestock -0.038 0.103 0.066
(0.114) (0.107)  (0.094)
Crops -0.386***  -0.124 -0.627***  -0.611***
(0.144) (0.156) (0.087) (0.131)
Others 0.141 0.241**  0.127 0.189** -0.103
(0.128) (0.107) (0.101) (0.094) (0.108)
Observation 385
Log-Likelihood -764.55

Wald chi2 (90) 227.32 Prob > chi2 =0.000

***p<.01; **p<.05; *p<.1. Values in parentheses are standard errors
Likelihood ratio test of p21 = p31 = p41 = p51 = p61 = p32 = p42 = p52 = p62 = p43 = p53
= p63 = p54 = p64 = p65 = 0: Wald Chi2 (15) = 108.248 Prob > chi2 = 0.000***

Source: Own analysis

4.3.2.2. The intensity of income diversification

The results of the fractional response logit model estimates reveal that coefficients of the
marginal effects of many of the explanatory variables significantly influence the extent of
income diversification (Table 31). In line with the MVP model result, the age of the
household head has a negative impact on the extent of income diversification at a 1%
significant level. With a rise in average age (in years) of the household head by one
percentage point, the extent of income diversification decreases by 0.4 percent. With
increasing age, physical capabilities may decline, and older household heads might lack the
energy or capacity to manage diverse income-generating activities, especially those
requiring intensive labor or new skills. This result implies that young household heads are
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more likely to intensify their income sources (a greater share of income from
diversification). The result is contrary to the findings by Drall and Mandal (2021) who
found age of the household positively influenced the intensity of rural non-farm

diversification in India.

The results indicate that livestock holding significantly increases the extent of income
diversification at a 1% significant level. With an increase in average size (in TLU) of
livestock holding by one percentage point, the extent of income diversification increases
by 1.2 percent. This result concurs with the studies by Solomon et al. (2019) and Algaga
and Sisay (2020) who found that households with a greater number of livestock are more
likely to intensify their income sources. We also found that being food insecure for specific
period of time positively and significantly influences the extent of income diversification at
a 1% significant level. Exposure to food shortages would increase the extent of income
diversification by 20.4 percentage points. This can be best explained by farm households to
intensify income diversification activities are mainly driven by push factors (shocks) than
pull factors (opportunities). The study results also reveal that joint decision of the
household head with a spouse or with at least one of the elder household members in
resources allocation positively and significantly increases the extent of income
diversification at a 10% significant level. Household’s joint decision would increase the
extent of income diversification by 6.7 percentage points. The results suggest that
households who made joint decisions on resources allocations and planning of income

diversification are more likely to intensify their income sources.

Regarding the impact of farm consolidation in the newly emerging agricultural
commercialization cluster, we found that farm consolidation in ACC significantly
increases the extent of income diversification at a 10% significant level. Because farm
household who have consolidated farm could acquire relevant information on markets
(labor and output). As expected, annual cash income from income diversification
positively and significantly influences the extent of income diversification at a 1%
significant level. A rise in average annual cash income (ETB) would increase the extent of
income diversification by 12.5 percentage points. This is plausible because higher cash
income often encourages farm households to invest in various income generating activities.

This result is consistent with the findings reported by Mohammed and Fentahun (2020) in
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Ethiopia, but in contrary to the findings reported by Memon et al. (2020), where income

from agriculture lowers sources of income diversification.

In line with the estimation results from a MVP model, the coefficient of variation in
historical rainfall reduced the extent of income diversification. On average, a rise in
coefficient of variation of rainfall (one percentage points) would decline the extent of
diversification by 25.5 percent. The results suggest that farm households living in areas
where a lower coefficient of variation in historical rainfall is more likely to intensify their
income sources. Similar studies by Arslan et al. (2017) from Gambia, and Asravor (2017)
from Ghana reported that the coefficient of variation in rainfall reduced income
diversification into non-farm sources. In terms of study areas, significant differences were
observed in the extent of income diversification. The coefficient of study site is found to be
negative and significant indicating farm households belonging to north Shewa zone of
Ambhara region are more likely to intensify income diversification from forest production.
Despite the fact that most households in the study areas practice various income
diversification activities, a substantial difference was observed in forest production
evidenced by Pearson Chi-Squared (1) = 5.7504, Pr = 0.016** test. Similar studies by
Dries et al. (2012), Misganaw et al. (2019), and Drall and Mandal (2021) observed that
study locations (geographical), a proxy for policy implementation related to ecologies and
agriculture, and vulnerability determine the intensification of income diversification

options.
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Variables Coefficient Robust SE Marginal eff (SE)
Sex 0.338 0.268 0.063 (0.046)
Age -0.019*** 0.006 -0.004 (0.001)***
Education (log) -0.084 0.142 -0.017 (0.028)
Age*education (log) 0.036 0.052 0.007 (0.010)
Family size -0.031 0.031 -0.006 (0.006)
Livestock (log) 0.059*** 0.020 0.012 (0.004)***
Land (log) 0.008 0.027 0.002 (0.005)
Food insecurity 0.913*** 0.148 0.204 (0.034)***
Joint decision -0.320* 0.162 0.067 (0.035)*
Membership coop 0.159 0.125 0.032 (0.026)
Credit 0.028 0.186 0.006 (0.038)
Distance to market (log) -0.054 0.060 -0.011 (0.012)
SAIPs 0.472 0.341 0.094 (0.068)
Agricultural clustering 0.280* 0.140 0.058 (0.030)*
Income (log) 0.626*** 0.095 0.125 (0.018)***
Rainfall (CoV) -1.275* 0.745 -0.255 (0.149)*
Temperature (CoV) 0.168 0.685 0.034 (0.137)
Site -0.723*** 0.27 -0.144 (0.053)***
Cons. -1.069 4.241

Wald chi? (18) 159.76***, Prob> chi® =0.000

Log pseudolikelihood -214.71

Pseudo R’ 0.0856

Observations 385

***p<.01; **p<.05; *p<.1. Values in parentheses are standard errors.

Source: Own field survey data, 2021.
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4.3.3. Impact of SAIPs on net farm income

4.3.3.1. Multinomial model results for selected SAIPs adoption

The results of coefficients and marginal effects from the multinomial logit selection model
were presented in Table 18 of the Appendix. The reference category is the non-investment
in SAIPs (V,F,S,) against which the results are compared. The MNL model fits the data
well with the Wald test, y2 =1124.5; P > %2 =0.000, implying that the null hypothesis that
all the regression coefficients are jointly equal to zero is rejected. Further, we run a
Hausman test regarding the hypothesis of Independence of Irrelevant Alternatives (I1A)
underlying the MNL model, the results (Prob > y2 = 0.946) show that the assumption of
I1A is not violated, implying the multinomial selection model can be applied to our data.

4.3.3.2. Impacts of investments in SAIPs on net farm income

Here under, the outcome variable (net farm income) of the households that invested in any
SAIP alone or in combination are compared with the outcome variable (counterfactual) of
the same households had they decided not to invest. In this study, we examined the plot
level impacts of different combinations of the core selected SAIPs including improved
seeds, inorganic fertilizers and soil conservation practices on net farm income. The second-
stage OLS regression estimates are not presented and discussed due to space limitations

but can be available by authors upon requests.

Table 32 depicts the expected conditional average treatment effects on the treated plots for
each of the eight combinations, often compared to the counterfactual non-investment on
the same plots. This table compares the expected net farm income of the plots with SAIPs
and the plots without SAIPs. Moreover, we intend to compare the plots with SAIPs if they
would have not been with SAIPs and the plots without SAIPs. In line with our expectation,
results show that investments in any of SAI practices alone or in combination is associated
with significant increases in net farm income except investment in a combination of
improved seeds and soil conservation practices. The possible reason for this might be due
to the fact that improved seed varieties are often perform best when used in combination
with inorganic fertilizers, and they simultaneously lead to higher initial investment costs in

the short run.
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Results show that there is significant net farm income differences between plots planted
with a set of sustainable agricultural intensification practices and those same plots planted
without these practices. Average treatment effect results suggest that on average,
investments in a joint two SAIPs (improved seeds and inorganic fertilizers, and inorganic
fertilizers and soil conservation practices) yields significant average gains of 44889
ETB/ha and 40092 ETB/ha, respectively compared to counterfactual non-investments on
the same plot. This is equivalent to net farm income increases of 188% and 142%,
respectively. Investment in separate inorganic fertilizers and soil conservation practices
also enable farmers to enjoy the greatest farm income of 43073 ETB/ha and 41159 ETB/ha
with equivalent net farm increases of 214% and 153%, respectively), most likely because
of lower costs involved when using separate SAIP. The highest ATT sizes reflect increases
in net farm income in comparison to farm households would have achieved under
hypothetical non-investments on their plots. Results show that on average, investments in
all combined three SAIPs (improved seed, inorganic fertilizers and soil conservation
structures) is related to large average net farm income effect (8572 ETB/ha) with
equivalent net farm increases of 36%, lower percentage change is most likely because of

higher cost involved when using all three SAIPs jointly.

Our results are mostly supported by the previous studies (Hailemariam et al., 2013; Manda
et al., 2016; Khonje et al., 2018; Setsoafia et al. 2022), found that adopting multiple SAIPs
has greater positive impacts on farm income. For instance, Hailemariam et al. (2013) found
that a combination of SAP adoption significantly increases household income in Ethiopia.
Manda et al. (2016) found that the adoption of a combination of sustainable intensification
practices increases both maize yield and incomes of smallholder farm households in
Zambia. Khonje et al. (2018) found that joint adoption of multiple technologies had larger
impacts on crop yields and income (maize income and household income) in Zambia.
Setsoafia et al. (2022) found that joint adoption of three SAIPs has greater positive impacts

on income and food security in Ghana.
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Treatment  SAIPs Actual net farm income Counterfactual net Difference % change
choice (ETB/ha) (A) farm income (ETB/ha) (A-
(SE) (ETB/ha) (B) B)
(SE) (SE)
ATT V;FoSo 26718 24443 2275 9
(2343) (616) a727)
VoF1So 63226 20153 43073 214
(2978) (180) (2983)***
VoFoS, 67970 26812 41159 153
(5020) (531) (5048)***
V;F;S 68752 23863 44889 188
(2623) (187) (2629)***
V;FoS; 49560 71775 (22215) (31)
(8098) (7601) (27875)
VoF;S; 68379 28287 40092 142
(3185) (364) (3206)***
V;F;S; 32107 23534 8572 36
(257) (1127) (1157)***
ATU V;F,So 32328 26718 5610 21
(1358) (2342) (2707)**
VoF1So 30779 20153 10626 53
(232) (180) (294) ***
VoFoS; 31958 26812 5146 19
(390) (531) (659)***
V;F;1So 31012 31796 (784) 2
(245) (1278) (1301)
V;FoS; 31775 30834 941 3
(913) (3103) (3235)
VoF;S; 32283 28287 3996 14
(300) (364) (472)***
V;F;S; 30253 20763 9490 45
(452) (676) (813)***

Notes: The base category is non-investment in any SAIP. Sample size is 1465 plots and
385 households. ***P<0.01, **P<0.05, *P<0.1. Robust standard errors are in parentheses.
Source: Own survey data analysis
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4.3.4. Estimation and determinants of cost efficiency

4.3.4.1. Stochastic cost frontier estimmates

The maximum-likelihood (ML) estimates of the parameters of the stochastic cost frontier
models were generated using the computer program Stata version 15. For stochastic cost
frontier of both the transolg and Cobb-Douglas (CD) functional form the structural
variables including cost, output and input prices are normalized by taking their reciprocals
before taking the natural logarithms so that the CD and TL (first-order) coefficients can be
interpreted as cost elasticities evaluated at the sample mean. Various specification tests
were conducted to obtain the best model and functional form for the data at hand. A series
of hypotheses about the nature of the cost frontier model and the consistency of the cost
function with its main properties were tested using Likelihood Ratios (LRs.). The null
hypothesis of an OLS specification was rejected at the LR test of sigma_u=0: chibar2 (01)
= 10.50 Prob >= chibar2 = 0.001, which is greater that the critical value (2.7 at 5%
significance level) of Kodde and Palm (1986) (see Appendix 16).

The CD technology specification was rejected with LR test value of chi2 (15) = 175.43
prob > chi2 = 0.000, implying the translog functional form fits the data at hand. The log-
likelihood estimate of -5225 and a Wald test statistic of 167.74 with a p-value of 0.000
shows the overall significance of the estimated translog stochastic cost frontier function of
cereal producing farmers. By normalizing the cost and input prices by wage rate of
combined human labor and oxen power, the homogeneity property of degree one in input
prices is imposed. This approach simplified the analysis of cost functions by reducing the

number of variables.

The estimated coefficients of parameters with their associated standard errors, and other
relevant statistics for both the translog and CD cost frontier models are presented in Table
34. The results of the model show the variance parameters sigma_u (o), sigma_v (a,),
lambda (A) and gamma (y) statistically significant. The significance variance ratio
parameter gamma (y) also infers that roughly 35% of the gap between the observed
production cost and minimum possible feasible cost is induced by the presence of

inefficiencies. The CD cost function results show that the coefficients of input prices and
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output were found to be positive and significant except pesticide, suggesting that increases
in the prices of land rental, seed, and fertilizer, as well as increases in output, are positively
associated with increases in the cost of cereal production. The cost of pesticide is positive

(in CD) and negative (TL) but not significant in influencing the cost of production.

The translog cost function results reveal that interactions and doubling of certain input
prices can have varying effects on the cost of production. Positive interaction terms
indicate some input prices increase costs more than proportionally when rise together,
while negative interaction terms indicate some combinations of input prices might reduce
costs or increase them less than proportionally. The coefficient of the interaction of output
and fertilizer, and seed and pesticide price was found to be positive as expected, implying
the conformity with the assumption that the cost function monotonically increases the input
prices. The estimates of the first-order of output and land rental were found to be negative
and significant. This might be due to the fact that farmers can operate under the scale of
economics and use more productivity enhancement methods (specifically labor-reducing
technologies) of production, and the nature of land being a quasi-fixed input. In other
words, more output is produced without increasing the input or the same output is
produced with less input. The findings are consistent with Paudel and Matsuoka (2009)
who reported positive coefficients of the structural variables in CD model, but contrary to
the estimates of structural variables by Ali et al. (2020) who reported all positive estimates

of these variables in first-order of TL model.

The coefficients of joint use of input-agumenting inputs such as improved seeds, inorganic
fertilizers and rotation, and the coefficient of proportion of SAIPs were found to be
positive and significant, suggesting the conformity with the assumption that the cost
function monotonically increases with the increase use of these practices. Differently, the
coefficient of the joint use of organic fertilizers (manure), drainage and soil conservation
practices is negative and statistically significant, implying the cost decreases as the use of
these practices increases. These key results reveal that when external inputs are combined
with agronomic or land management practices, they appear to increase the cost of
production. When land management and agronomic practices combined, they appear to
reduce the cost of production, which is the key linking finding of examining the effects of
using sustainable practices on the cost efficiency of cereal producing smallholder farmers.

This finding is consistent with finding of the study by Ali et al. (2020) who reported that
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the combined use of sustainable agricultural intensification practices reduced the cost of
maize production in Ethiopia.

Table 33. Maximum likelihood estimates of Translog and Cobb-Douglas cost frontier

Variables Translog (TL) Cobb-Douglas (CD)

Parameters Coefficents  S.E. Parameters Coefficents S.E.
Output (Q) B4 -1.225%** 0410 B, 0.669*** 0.012
Land price (L) B -2.070** 1.046 B, 0.392*** 0.042
Seed price (S) B3 0.551 1.101 B 0.154*** 0.036
Fertilizer price (F) B, 1.614 2461 B, 0.271*** 0.068
Pesticide price (P) S5 -0.095 0.831 Bs 0.025 0.026
Q2 B11 -0.048** 0.024
L2 B2 -0.394*** 0.133
S2 B33 1.396*** 0.183
F? Baa 0.774 0.724
P? Bss 0.191**  0.092
QxL B1z -0.132** 0.057
QxS P13 0.161*** 0.052
QxF Bis 0.242** 0.099
QxP Bis -0.064* 0.034
LxS Bz 0.116 0.171
LxF Bos -0.043 0.273
LxP Bas 0.161 0.116
SxF B -0.791** 0.309
SxP Bss -0.142 0.127
FxP Bas 0.162 0.224
ODS m -0.117%** 0.036 g, -0.123*** 0.039
VRF 1, 0.066*** 0.020 ¢, 0.064*** 0.022
sps N3 0.059*** 0.009 05 0.070*** 0.010
Cons. -12.485** 5.384 Wald chi2(8) = 3714, Log likelihood = -116

Note: *, ** and *** are significant at 10%, 5% and 1% probability level. S.E. = standard
error
Source: Own survey data analysis

4.3.4.2. Determinants of cost inefficiency

Indeed, investigating the factors influencing farm operators’ performance through the
estimation of an inefficiency model is crucial aspect of efficiency analysis. The estimates
of the inefficiency model are presented in Table 35. The explanatory variables in the model

demonstrate that the signs and significance of the estimated coefficients in the efficiency
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model have important economic implications on the cost efficiency of the cereal
production in the study area. It the context of an inefficiency model, the signs and
significance of the estimated coefficients are indeed crucial for the interpretation and
understanding of the factors that drive inefficiencies in cereal production. Ali et al. (2020)
and Rahaman et al. (2021) suggest that the interpretation of the coefficients in efficiency
and inefficiency models should be carefully distinguished, especially when considering the
signs of these coefficients. Accordingly, most of the explanatory variables such as sex, age,
education, family size, cooperative membership, agricultural commercialization cluster,
plot distance, livestock ownership, rainfall, extension, land rights, income diversification
and access to credit were found to influence the cost inefficiency of cereal producing

farmers at the farm level.

The negative and significant coefficient of gender (sex) of the household head implies that
male headed farm operators tend to be more cost efficient than their counterparts, female
headed farm opertators. The result suggests that male-headed households tend to operate
more cost-efficient farms compared to female-headed households. The observed difference
in efficiency might be due to a variety of socio-economic factors such as access to labor-
reducing technologies and inputs, labor productivity, and the roles and cultural norms
regarding decision-making processes and management practices on the farm. The finding
is consistent with the findings of the study conducted by Abdulai et al. (2017), whereas the
study by Essa et al. (2012) reported that gender (being male) of the household head
reduces economic efficiency of smallholder farmers. This finding has important
implication for understanding and addressing gender disparities in agricultural efficiency.
It highlights the need for targeted interventions to support female-headed households in
overcoming barriers to efficiency and ensuring equitable access to resources and

opportunities.

The estimated coefficient of age of the household head was found to be positive and
significant at 1% significant level. Age of a farm-operator can be a proxy of farming
experience and farming decision-making quality yet indicates no improvement in
efficiency as farmers become older and more experienced. The finding suggests that as the
age of the farm operator increases, cost-inefficiency also increases. In other words, older
farm operators are associated with lower cost-efficiency in farming operations. The

possible reason could be older farmers might be more risk-averse, preferring traditional
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methods over innovative practices or technologies that could improve efficiency. Asogwa
et al. (2011), Ali et al. (2020), and Rahaman et al. (2021) reported that older farm
household heads are more likely to be cost-inefficient. In contrary, Ogundari et al. (2006),
Rido (2014), and Wai and Hong (2021) reported that older farmers are more cost efficient

than their counterparts, younger farm household heads.

Prior to our expectation, the coefficient of education had a negative and significant effect
on the cost-inefficiency of farmers at a 1% significance level. The finding that coefficient
of education has a negative and significant effect on the cost-inefficiency of farmers
indicates that education is an important factor in improving cost efficiency in farming. The
possible reason for this is educated household heads are more likely to adopt modern and
efficient farming techniques, make informed decisions, and manage resources. Educated
household heads are able to gather, understand and use information from research and
development institutions more easily than their illiterate counterparts. This finding is in
line with the findings of several studies (Hasan, 2007; Asogwa et al., 2011; Paudel and
Matsuoka, 2009; Mburu et al., 2014; Ali et al., 2020). The finding that education
significantly reduces cost-inefficiency among farmers underscores the critical role of

education in enhancing farming efficiency.

The estimated coefficient of family size measured in working-age group was found to be
negative and significant at a 1% significant level. This implies that households with a
greater number of family members (counted in working age groups) are more cost-efficient
than households with a smaller number of family sizes. Households with more working-
age members can benefit from economies of scale. They can contribute labor more
effectively across various farming activities, reducing the need to hire external labor,
which in turn reduces cash expenditures. Moreover, households with more working-age
individuals can allocate labor more flexibly and effectively, ensuring that all tasks are
completed in a timely manner. This can reduce delays and the inefficiencies that might be
otherwise raise farm expenses. The result provides valuable insights into the relationship
between household composition and cost efficiency. This finding is in line with Asogwa et
al. (2011) and Wai and Hong (2021).
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Table 34. Estimates of inefficiency factors

Inefficeincy variables Parameters Coefficeint S.E.
Sex &1 -2.632** 1.206
Age 8- 0.143*** 0.034
Education 85 -0.450*** 0.154
Family size (in working age group) 04 -0.834*** 0.194
Cooperative membership Os -2.873%** 0.552
Agricultural commercialization cluster &, -7.000*** 0.929
Home distance from plot &7 -0.731*** 0.271
Livestock Sg -1.638*** 0.607
Rainfall (coefficient of variation) do 0.212*** 0.029
Salary (extension agent) d10 -0.102 1.532
Land certificate 011 -3.677*** 1.290
Income diversification index 812 -6.188*** 1.237
Credit d13 -2.342%** 0.646
Cons. O1a -2.797 12.554
Observation N 1058

Wald chi2(23) x2 167.74

Prob > chi2 P 0.000

Log likelihood LL -5225

Sigma_u Oy 0.150*** 0.015
Sigma_v oy 0.203*** 0.009
lambda A 0.739*** 0.022
Gamma y 0.353***

LR. test chi2(15) = 175.43

Prob > chi2 = 0.000

Note: *, ** and *** are significant at 10%, 5% and 1% probability level. S.E. = standard

error.
Source: Own survey data analysis

The finding that membership in an agricultural cooperative has a negative and significant

coefficient at the 1%, significance level indicates that membership significantly enhances

the cost efficiency of smallholder cereal-producing farmers. The possible reason is because

cooperatives often provide access to shared resources including markets, storage facilities

and transportation, which significantly reduces individual expenses for farmers. Members

benefit from economies of scale in purchasing inputs such as seeds, fertilizers, and
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pesticides at lower prices. Moreover, cooperative enhance the sharing of knowledge, best
practices and technical assistance among members, leading to more efficient farming
methods and reduced costs. Asogwa et al. (2011) and Essa et al. (2012) reported that
membership in agricultural cooperative improved cost efficiency and economic efficiency

of smallholder farmers from Nigaria and Ethiopia.

The finding that plots included in an agricultural commercialization cluster have a negative
and significant coefficient at the 1% significance level indicates that agricultural
commercialization significantly enhances the cost efficiency. The possible reason for this
might be due to the fact that agricultural commercialization can facilitate economies of
scale, where the cost per unit of output decreases as the scale of production increases. Farm
households within these clusters may benefit from shared infrastructure and services such
as markets, roads, mechanization, training and information, leading to reduced individual
expenses. The results indicate that inclusion in agricultural commercialization clusters

significantly enhances the cost efficiency of farming operations.

The finding that the estimated coefficient of plot distance has a negative and significant
effect on cost-inefficiency of cereal producing farmers indicates that as the distance of the
farming plot from the residence increases, cost efficiency improves. The possible reason
could be distant plots might involve hiring labor or using mechanization, which can
improve efficiency compared to manual or household labor. Moreover, farmers may invest
in better inputs, technologies and agronomic practices to ensure that the travel effort is
worthwhile, thus improving overall cost efficiency. The finding differs from the results of
Ali et al. (2020), who reported that the distance of a farm, negatively affects the cost
efficiency of of smallholder maize-producing farms in Ethiopia.

The results indicate a negative and significant effect of livestock holding on cost-
inefficiency of smallholder cereal producing farmers. Livestock holding results in
significant cost-inefficiency reduction at a significant level of 1% among smallholder
farmers. The findings suggest that farmers with greater number of livestock, measured in
Tropical Livestock Unit (TLU) are more likely to be cost-efficient compared to farmers
with fewer livestock holding. The possible reason is that livestock holding alleviates
farmer’s liquidity constraints; enable them to purchase important inputs in a timely

manner. Additionally, livestock serves as a source of power for ploughing and threshing.
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Essa et al. (2012) found that livestock ownership resulted in significant reduction of
economic inefficiencies of smallholder farmers in crop-livestock farming systems. Ali et
al. (2020), however, reported that farmers with a greater number of oxen are less likely to

cost efficient compared to farmers with fewer oxen.

Cereal production is influenced by observed weather and climate variabilities and changes.
Farmers’ decisions regarding farming activities are also shaped by expected and observed
weather conditions, which in turn have cost implications. The results indicate that costs
increase as the coefficient of variation in annual rainfall increases. The possible reason is
that farmers may limit their investment in cost-saving improved technologies when there is
greater variability in rainfall. This finding is in line with the findings of Ali et al. (2020)
who reported that increased variability of rainfall measured in a coefficient of variation

reduced cost efficiency of maize producing farmers in Ethiopia.

The estimated coefficient of land certificate, a proxy for land rights, was found to be
negative and significant at a 1% significant level. This result suggests that farmers with a
land certificate are more likely to be cost efficient in their cereal production. The possible
reason is that farmers with a land certificate may invest in combination of external inputs
and sustainable agronomic and land management practices that can effectively reduce
costs. This finding is in line with the findings of Kifle et al. (2017) who found that own

land arrangement improved economic efficiency of maize producers in Ethiopia.

Regarding income diversification, the estimated coefficient was found to be negative and
significant at a significance level of 1%. This result suggests that farmers with higher level
of income diversification index are more likely to be more cost efficient compared to
farmers with less income diversification. The reason for this could be that income
diversification activities allow farmers to allocate labor and capital resources effectively,
thereby significantly reducing the costs of production. This finding is in line with the
findings of Essa et al. (2012) and Maurice et al. (2014).

Access to credit positively and significantly affects cost efficiency. It has a negative
significance level of 1%. This means that when individual farmers have better access to
credit, they can manage their costs more effectively. Access to credit (credit received, in

this study) allows farmers to invest in modern labor-saving technologies, expand their
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operations, and lower borrowing costs. Overall, the ability to access credit facilitates
various strategic financial decisions and operational efficiencies, leading to a significant
improvement in cost efficiency. The finding suggests that cereal farmers who received
credit are more likely to be cost efficient compared to farmers who did not get credit. This
is confirmed by Maurice et al. (2015), Siagian and Soetjipto (2020) and Rahaman et al.
(2021).

4.3.4.3. Distribution of efficiency scores

The frequency distribution of the cereal growing farmers’ cost efficiency is presented in
Table 35 and Figure 17. The results indicate that a wide range of cost efficiency scores,
from 26 for the least efficient farmers/plots to 95% for the most efficiency farmers/plots.
This broad range of efficiency scores highlights the diversity in farmers’ performance and
managing their costs. Observing wider variation is not unexpected in efficiency in general,
cost efficiency scores in particular and comparable to the findings of Paudel and Matsuoka
(2009), Maurice et al. (2014), Siagian and Soetjipto (2020), and Rahaman et al. (2021).

The mean cost efficiency score of 87% indicates that the average cereal-producing farmer
operates at a high level of efficiency but still has room for improvement. Specifically, these
farmers could enhance their efficiency by 13% through better farm management and labor-
saving improved technologies, and hence reduce costs and increase their overall
productivity and profitability. The majority of the farms (about 52%) had cost efficiency of
76-89%, concentrated around the mean followed by 42% of plots which had the cost
efficiency of greater than and equal to 90%. The results indicate that cereal producing
farmers in the study area are fairly cost efficient, likely due to their use of sustainable
agricultural practices such as manure and/ or compost, drainage and soil conservation

structures which maintain soil fertility, soil health and improve soil organic matter.
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Table 35. Distribution of efficiency estimates

Efficiency range (%) Number of plots  Percentage
25-50 5 0.47

51-75 62 5.86

76-89 549 51.89
>=90 442 41.78
Total 1058 100

Mean 87
Minimum 26
Maximum 95

Source: Own survey data analysis

T T T T

2 4 6 .8 1
Cost Efficiency of Cereal Producing Farmers

Figure 17. Distribution of cost efficiency scores

Table 36 presents the efficiency scores of smallholder farmers among different cereal crops
such as tef, wheat and barley. The results show that the mean cost efficiency scores for tef,
wheat and barley was found to be 86%, 87% and 88%, respectively, indicating smallholder

farmers achieve similar levels of cost efficiency in producing different cereals. This
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suggests that smallholder farmer achieve relatively similar levels of cost efficiency across
these crops. Tef farming shows a wide range of efficiency scores, from 26% to 95%,
indicating substantial variability in cost efficiency among farmers. Sharing best practices
from more efficient farmers could help improve the efficiency of those who are lagging,

especially in tef farming.

Table 36. Cost efficiencey scores by crops

Crops Cost Efficiency scores

Mean SD Min. Max.
Tef 0.86 0.08 0.26 0.95
Wheat  0.87 0.07 0.36 0.95
Barley  0.88 0.07 0.50 0.95
Overall  0.87 0.07 0.26 0.95

Source: Own survey data analysis

Table 37 presents cost efficiency of sample households’ plots disaggregated by study sites.
The result showed that there was significant differences in cost efficiency scores between
study sites with the highest score (0.88) by north Shewa farmers. The result suggests that

cost management significantly varies from location to location.

Table 37. Costs efficiency scores by study sites

Study site N Mean Std.Dev. Min. Max. Two mean group

comparison test

West Shewa zone 579 0.862 0.078 0.258 0.954 HO: diff=0

of Oromia Ha: diff 1=0
North Shewa zone 479 0.880 0.065 0.363  0.953 t =-4.066, df=1056
of Amhara Pr(|T| > |t}) = 0.0001

Source: Own survey data analysis
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5. SUMMARY, CONCLUSION AND RECOMMENDATION

5.1. Summary

In this study, the focus was on investigating various factors affecting investments in
sustainable agricultural intensification practices by smallholder farm households in the
Ethiopian central highlands. Specifically, the study investigated institutional arrangements,
the choice of decisions to invest in multiple sustainable agricultural intensification
practices and participate in multiple income diversification activities, impact of
investments in selected individual and combination of these practices on net farm income

along with cost efficiency of smallholder cereal producing farmers.

Policy and strategy documents related to the development and implementations of
sustainable agricultural intensification practices were reviewed. The review aimed to
understand the framework and support provided for sustainable agricultural practices and
how these policies and strategies affect investment on these practices by farmers. About
eleven documents were reviewed. Most of the agricultural policies and strategies were not
sufficiently concrete to facilitate investments in sustainable agricultural intensification
practices (SAIPs). This lack of specificity and actionable guidance may hinder the
effective implementation and adoption of these practices among smallholder farmers,

affecting their efficiency and income outcomes.

A number of institutions have been established and promoted at both the national and
regional levels to facilitate and support the implementation of various policies, programs
and strategies related to SAIPs. In total thirteen institutions were identified as the main
stakeholders in the development and implementation of SAIPs. These institutions vary in
their level of involvement. Some institutions are directly engaged in both development and
implementation of SAIPs, playing a crucial role in shaping and executing sustainable
agricultural practices, for example, research institutions, ministry of agriculture and higher
learning institutions. Three main institutional arrangements have been identified as
instruments for fostering integration among stakeholder institutions in the context of
SAIPs. These are normative compellence: the arrangement involves the establishment and
enforcement of norms and standards that compel institutions to adhere to certain practices

and guidelines; ideational: focuses on the sharing and dissemination of ideas, knowledge
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and best practices through different mechanisms; and incentive: involves the use of
financial and non-financial grants to motivate stakeholder institutions to participate and
contribute to SAIPs.

The Research-Extension Liaison Committees (RELCs), the Research-Extension Advisory
Councils (REACs), the Farmer Research Groups (FRGs), and the Agricultural
Development Partners’ Linkage Advisory Councils (ADPLACs and OATPC) were the
primary entities established to guide the development and implementation of policies
related to SAIPs. These functioned as a bridge and served as a forum for various
stakeholder institutions. Brochures/leaflets, manuals, trainings, demonstrations and field
days have been utilized as key mechanisms for sharing information, knowledge and best
practices among stakeholder institutions related to SAIPs. Each of these methods serves a

specific purpose in the development and dissemination process.

Among other incentive mechanisms, fair funding or financing has been identified as a
crucial instrument to facilitate the development and implementation of policies related to
SAIPs. Effective funding mechanisms ensure that the necessary resources are available to
support the adoption and scaling of SAIPs. By providing adequate and equitable financial
support, these institutional arrangement mechanisms help align economic incentives with
environmental and social goals, fostering a more sustainable and resilient agricultural

sector.

All three types of institutional arrangements-normative compellence, ideational and
incentives have been implemented in the study sites but project-based basis. This project-
based approach has resulted in a lack of continuity in the integration and interplay between
and within stakeholder institutions. The institutional arrangement mechanisms for SAIPs
were significantly influenced by frequent organizational reforms, characterized by the exit
of old entities and the entry of new ones. This lack of continuity, coupled with the absence
of exit strategies, impeded the permanent functioning and sustainability of these
mechanisms. Slight differences in the institutional arrangements in the study regions

resulted in significant variations in outcomes related to the implementation of SAIPs.

In the effort to investigate the determinants of choice decisions to invest sustainable

agricultural intensification practices (SAIPs) in the study areas, eight SAIPs (improved
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variety, cereal-legume rotation, inorganic fertilizers, organic fertilizers, pesticides,
drainage, vegetation and soil and water conservation practices) were identified, of which
the dominant SAIPs were inorganic fertilizers (84%), pesticides (69%) and drainage
(56%). In contrast, only 12% and 19% of the plots were treated with vegetation and
organic fertilizers, respectively. Plot level investments in other individual SAIPs including
improved seeds (47%), soil conservation practices (used in 45% of the plots), and rotation
(32%) were observed. The result revealed that the majority (79%) of the plots were treated
with more than two SAIPs, about 25% of the plots were treated with more than half (4) of
the SAIPs. The results also showed that the likelihood of investing from two to three
SAIPs increased by 30% and from three to four SAIPs increased by 12%, implying that the

likelihood of investing in a combination of SAIPs is higher than single/no SAIPs.

The study revealed that some sustainable agricultural intensification practices exhibit
complementarity/synergy while others demonstrate substitutability/trade-offs. Improved
variety and inorganic fertilizer, pesticides and inorganic fertilizer, vegetation and organic
fertilizer, and soil conservation practices and vegetation are positively correlated, implying
high complementarity between them. A negative correlation between inorganic and
organic fertilizers, pesticides and organic fertilizers, vegetation and cereal-legume rotation,
soil conservation practices and variety, rotation and fertilizer use, implying substitutability
between them. Understanding these relationships is crucial for designing effective

agricultural policies and intervention strategies.

The results indicate that the choice decision to invest in SAIPs varied among farmers and
was influenced by diverse set of factors. These factors, while interrelated, highlighted the
heterogeneity in decision-making processes. The multivariate probit (MVP) model
estimates revealed that household and plot characteristics, asset endowments, as well as
institutional and environmental factors had significant and varying impacts on the decision
to invest in different SAIPs. The results showed that male headed households are more
likely to invest in improved and inorganic fertilizers. Age of the household head positively
influenced plot level investments in both rotation and soil conservation practices. Family
education was found to positively influence investments in improved seeds but negatively

influenced the decision to invest in soil conservation.
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The finding that family size in working age group negatively affects the decision to invest
in most individual SAIPs is insightfull. The possible reason is that families may prioritize
activities that provide immediate returns to sustain their larger household needs instead of
investing in practices that have delayed benefits. This finding highlights the need for
tailored interventions that consider the unique challenges and priorities of larger
households. The decision to invest in SAIPs at the plot level is influenced by a complex
interplay of various factors. These factors include asset endowments, institutional and plot
characteristics, and climate variables. More specifically, livestock holding, farm income,
income diversification, plot distance, secure land tenure, extension, agricultural
commercialization cluster, access to credit, membership to agricultural cooperative, peer
farms, study site, soil fertility status and slope, temperature and rainfall were found to

influence farmers’ decisions to invest in SAIPs.

Regarding the results of ordered probit model, most of the explanatory variables such as
coefficient of variation in maximum temperature and rainfall, income diversification, crop
income, agricultural commercialization cluster, access to credit, membership to
cooperative, perceived soil fertility and plot’s slope condition, and extension services
measured in monthly salary of extension agents had a strong positive relationship with the
extent of investments in SAIPs. However, family size, plot size, steep topography, study
sites, and a number of peer farms showed a strong negative relationship with the extent of

investments in a combination of SAIPs.

In an attempt to investigate the drivers of rural income diversification in the same study
sites, six income diversification activities (crops, livestock, forest, off-farm, non-farm and
other non-farm) were identified, of which the dominant sources were crops (93%),
livestock (54%) and non-farm (23%). In constrast, only 7%, 12% and 18% of income
diversification activities were off-farm, forest and other non-farm sources, respectively.
The results show that 67% of farm households engaged in more than one income
diversification activities. The results reveal that farm households’ income diversification
motives were enhancing revenue (30%), improve food security (28%), reduce uncertainty
and risk (20%), demand arises (13%) and allocate surplus labor (9%). The dominant share
of cash income was found to be the sale of crops (68%) followed by livestock (44%) and
non-farm (petty trade). Results from Simpson Diversification Index (SDI) calculation show

that intensity of income diversification ranges between 0 and 0.76 with the average value
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of 0.30. Results also indicate that 62% of farm households used cash income to purchase
agricultural inputs, 34% of households used income for consumption, 19% of households
used income to cover tax and land rental expenses, and 15% of the households invested in

assets accumulation.

Results from a multivariate probit model indicate the presence of complementarity and
substitutability =~ between  various income  diversification  activities.  The
complementarity/synergy between off-farm and non-farm, forest and other sources, and
livestock and other income sources was strong. There was a strong substitutability/trade-
off between crops and non-farm, and crops and livestock. Households’ choice of a
portfolio of income diversification strategies are influenced by several interlinked factors.
The results from MVP model indicate that the probability of households’ participation in
income diversification varies significantly and explanatory variables have heterogeneous
effects on the probability of the decision to participate. Accordingly, age, education, the
interaction of age and education, assets such as livestock and land, exposure to food
shortage/insecurity, distance to market, credit, investment in sustainable intensification
practices, agricultural commercialization cluster, and weather variables including rainfall
and maximum temperature were found to influence the probability of participation in

different income diversification activities.

The results from the MVP model reveal that the same factors can have different effects-
positive or negative- on the choice of various income diversification activities within the
same household. For example, livestock holding has a positive impact on choice decisions
of income diversification from crops, livestock, forest and other income sources but a
negative impact on off-farm and non-farm activities. Regarding the drivers of extent of
income diversification, the results of a fractional response model indicate that age of the
household head, livestock holding, being food insecured, joint household’s decision on
resource allocation, having farms in the agricultural commercialization cluster, cash
income from the sale of crops, historical rainfall and study site were found to influence the

extent of income diversification.

Further, in the effort to estimate the impact of investments in selected SAIPs on net farm
income at a plot level in the study sites, out of the eight SAIPs three most important SAIPs

such as improved seeds, inorganic fertilizers and soil conservation practices were identified
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as a treatment variables. Eight possible combinations of these components including
V;F1S; (improved seeds, fertilizers, and soil conservation structures), VoF:1S; (fertilizers
and soil conservation structures), VoFi1So (fertilizers only), VoFeS: (soil conservation
structure only), VoFeSo (none), ViFeS; (improved crop variety and soil conservation
structure), V1F1So (improved crop variety and fertilizers), and V1FySy (improved crop
variety only). Each of these combinations likely has different implications for agricultural

productivity, sustainability, and environmental impacts.

The study results indicate that the use of improved seeds and inorganic fertilizers in
combination is the most dominant SAIP in the study area for which about 26% of the plots
are treated with it followed by the use of inorganic fertilizers alone, which accounts for
23% of the total. The results also indicate that about 19% of the plots were treated with all
the three SAIPs (improved seeds, inorganic fertilizers and soil conservation practices).
Some farmers used improved seed alone without at least the use of inorganic fertilizers due
unavailability and high price of fertilizers, which makes it challenging for them to adopt
the full range of recommended agricultural practices. Furthermore, the study results reveal
that sample farmers who invested in a combination of SAIPs such as all the three inputs,
improved seeds and inorganic fertilizers, and inorganic fertilizers and soil conservation

practices experienced more income than farmers who did not invest in these practices.

The results from OLS regression and statistical tests suggest that investments in any of
Sustainable Agricultutal Intensification (SAI) practices generally lead to significant
increases in net farm income. The results indicate an investment in multiple SAIPs has
greater positive impacts on net farm income. However, an exception is observed when
farmers invest in a combination of improved seeds and soil conservation practices. The
possible reason for this might be due to the fact that improved seed varieties are often
perform best when used in combination with inorganic fertilizers, and they simultaneously
lead to higher initial investment costs in the short run. The findings indicate investments in
all three combined SAIPs yield an average net farm income of 8572 Birr/ha, representing a
36% increase. However, this percentage change is lower compared to other combinations,
most likely due to higher costs associated with implementing the full range of practices.
The results indicate substantial gains in net farm income from specific combinations of

SAIPs. Specifically, investments in improved seed and inorganic fertilizers, and inorganic
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fertilizers and soil conservation practices yield an average net farm income of 44,889
Birr/ha and 40092 Birr/ha, representing a 188% and 142% increase, respectively.

Lastly, in an attempt to investigate the cost efficiency of smallholder cereal producing
farmers, the study identified nine structural variables. These include five input variables
(land, seed, fertilizers, pesticides labor-oxen days) and their associated prices, one ouput
variable, three SAIPs (combined use of manure, drainage and soil conservation practices;
combined use of improved seed, rotation and inorganic fertilizers, and total number of
sustainable practices). Cost (economic) efficiency was investigated using a stochastic cost
frontier model. Cereal producing farmers can reduce the production cost by 13% with the
current state of technology without reducing the current level of cereal output through
removing cost inefficiencies. The results indicate that the average production cost of 11484
Birr/ha was required to produce 1247 kg of grains from an averagely allocated land of 0.5
ha. Moreover, the findings indicate that the combined cost of labor and oxen power
constituted the highest share, accounting for 44% of the total production costs, followed by
the cost of land, representing a 38% of the total costs. All structural variables positively
influence the cost frontier, indicating that they contribute to higher production costs while
maintaining or increasing output. The combination of manure, drainage and soil
conservation practices negatively influenced the cost frontier, suggesting that these

practices can reduce cost of production and improve cost efficiency.

Regarding the determinants of cost inefficiency, gender, education, family size,
cooperative membership, agricultural commercialization cluster, plot distance, livestock
holding, land security status, index of income diversification, and access to credit had a
positive and significant effect on cost efficiency of cereal producing farmers, whereas age
of the household head and historical rainfall had a negative and significant effect on cost
efficiency in the study sites. The findings also indicate that there was cost efficiency

variation between study areas (regions).

5.2. Conclusion and Recommendations

The results of institutional analysis and development framework suggested that addressing

the lack of specificity in agricultural policies and strategies is crucial for promoting the
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adoption of sustainable agricultural intensification practices among smallholder farmers.
By developing concrete, actionable policies and providing robust support, government and
institutions can create an enabling environment that enhances agricultural vyield,
sustainability and farmer livelihoods. Policy-makers and development practitioners should
develop a comprehensive action plan that outlines specific SAIPs, establishes clear
implementation procedures, and defines measurable indicators for progress and impact.
The plans should be developed through the active participation of farmers, researchers,
extension and other stakeholders to ensure the plans are practical and relevant. To achieve
this, effective communication strategies (workshops, platforms, trainings and social media)
are crucial to ensure that all stakeholder institutions clearly understand the policies and
their application processes. This could involve creating simple guidelines, conducting
workshops, and leveraging digital tools to disseminate information. Further, by integrating
normative compellence, ideational mechanisms, and incentive-based approaches, a
comprehensive framework can be established to foster the adoption of and integration of
SAIPs among several stakeholder institutions. This multi-faceted strategy ensures that
institutions not only have the motivation to actively participate in the process of SAIPs
adoption but also the knowledge, standards, and resources to implement them effectively.
Results of the institutional analysis suggest that project-based institutional arrangements
and frequent institutional reform are most important challenges. To overcome these
challenges, a shift towards more stable, long-term institutional arrangements is essential.
This can be done by developing robust frameworks, building institutional capacity, and
ensuring the localization of strategies, the continuity and sustainability of SAIPs can be
significantly enhanced. Explore sustainable financing models like public-private
partnerships that can provide continuous support. Tailoring approaches to fit local contexts
and establishing strong exit strategies will further ensure that the benefits of SAIPs are
realized and sustained across diverse settings. The exit strategies need to involve the
transfer of knowledge, responsibilities, and resources to local institutions, and ensure the

local entities are equipped to continue the initiatives independently.

The study findings on the determinants of investments in multiple sustainable agricultural
intensification practices (SAIPS) highlighted the interdependence of these practices. The
recognition of cross-SAIPs correlations underscores the need for policies that promote
these practices jointly, leveraging their complementarities and synergies while addressing

potential trade-offs and substitutability of practices. Joint use of practices can enhance
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productivity and sustainability, as the combined effects are often greater the sum of
individual practices. Understanding which practices might substitute or trade-off with one
another is crucial for resource optimization. Given that several interlinked factors influence
investments in different blend of SAIPs, policy-makers should take into consideration the
heterogeneity effects of policy variables including gender, extension, and credit, income,
plot characteristics, and weather conditions. This will require provision of gender-based
extension and credit services, and instant information on weather conditions to make
farmers to benefit from SAIPs. Gender specific extension and credit services are essential,
as men and women may have different access to resources, knowledge and decision-
making power. Timely and precise weather information can help farmers make informed
decisions about when and how to implement SAIPs. Encouraging income diversification
can provide farmers with additional resources to invest in SAIPs. Polices that promote
multiple income sources can reduce financial constraints and increase the likelihood of
SAIPs adoption.

The study’s findings on the drivers of income diversification suggested the existence of
significant variability in the intensity of income diversification among studied rural
households. This spread again suggests a wide range in how diversified households’
income sources are, from those with very limited diversification to those with a more
balanced distribution of income across multiple sources. Households with low Simpson
Diversification Index (SDI) (closer to 0) may be more vulnerable to economic shocks due
to their reliance on a single income source. Policies should aim to provide these
households with opportunities and resources to diversify their income sources. This could
include access to credit, skills, training, and support for small business development. For
households with higher SDI values, encourage them to diversify more through policies that
promote market access, provide information on diverse income opportunities, and offer
incentives for engaging in multiple economic activities. The complementarity between
income diversification activities suggests engaging in one income diversification activity
enhances the likelihood of another. Policy-makers should focus on promoting
combinations of activities that mutually reinforce (shared resources) each other, and
develop infrastructures and market access to support the sale of products from diversified
activities. The diverse set of factors influencing income diversification decisions, as
identified by the MVP model, underscores the need for comprehensive and context-

specific policies and strategies. By addressing the specific factors that influence household
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decisions, policy makers and development practitioners can promote effective
diversification strategies, leading to enhanced economic resilience and sustainability.

The findings on the impacts of investments in sustainable agricultural intensification
practices (SAIPs) on the net farm income suggested the substantial gains in net farm
income from specific investments in combinations of SAIPs. Policies should encourage the
adoption of integrated SAIPs, such as combining improved seeds with inorganic fertilizers
or pairing inorganic fertilizers with soil conservation practices. These combinations have
demonstrated significant returns on investment, making them attractive options for
farmers. This economic benefit can be sustained by ensuring farmers access to high quality
seeds, fertilizers, and soil conservation practices. Providing credit facilities and distribution
networks can also make these inputs more accessible and affordable. Further, providing
farmers with education and training on the benefits of implementing of SAIPs can enhance
adoption rates. The low-percentage gain from investing in a combination of improved
seeds, inorganic fertilizers and soil and water conservation practices suggests to invest in
ongoing research to optimize the combination of these SAIPs, refine practices and ensure
they are context specific and highly effective. These all efforts will not only enhance
individual farm incomes but also contribute to broader agricultural sustainability and rural

development.

The results of stochastic cost frontier model suggested significant opportunities for cost
savings in cereal production on the high costs associated with labor, oxen power and land.
Thus, there is an urgent need to reduce labor and oxen costs through introducing affordable
and suitable mechanization tools for smallholder farmers. This can be done by renting
machinery, organizing cooperatives, implementing better labor management practices, and
providing training in efficient farming practices. The negative and significant effect of the
use of combined sustainable agricultural practices such as manure, drainage and soil
conservation practices in cost frontier suggests that encouraging farmers to adopt multiple
sustainable practices to enhance resilience and long-term productivity. The findings of the
cost inefficiency model suggested the need for promoting gender inclusion and empower
female farmers through targeted training programs. Findings also suggested the need for
investing in educational programs aimed at improving literacy though formal and informal

(vocational) means. Moreover, there is a need to provide financial and technical support
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through establishing and strengthening agricultural cooperatives to make farmers cost
efficient.

In the field of agricultural economics, particularly within the crop sector and natural
resources management, future research holds great potential to advance sustainable
development, economic resilience, and environmental conservation. However, this study
does not provide a comprehensive analysis of the temporal effects on institutional
arrangements, investments in sustainable agricultural intensification practices (SAIPS),
income diversification, and cost efficiency. Addressing this gap could offer valuable
insights into the dynamic interplay between these factors over time, enabling the design of

more adaptive and impactful policies and interventions.
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Appendix Tables

APPENDICES

Appendix Table 1. Livestock ownership

Livestock Unconditional Std.Dev  Min Max
mean

Oxen 2 1 0 7
Cow 1.7 1 0 7
Bull 14 0.8 0 5
Heifer 1.3 0.7 0 4
Calf 15 0.9 0 6
Sheep 7 5 0 30
Goat 5 4 0 23
Donkey 1.65 0.8 0 6
Horse 1.3 0.6 0 4
Mule 0.8 0.4 0 1
Chicken 6.4 5 0 34

Source: Own analysis and survey data, 2021

Appendix Table 2.Social infrastructures and facilities

Social structures Mean Std.Dev  Min Max
Distance to main market 62.77 47.59 1 180
Distance to main input market  47.2 34 1 120
Distance to drinking water 13.4 9.8 1 30
Distance to all weather road 19.2 20.8 1 90
Distance to junior school 26.5 20.2 2 90
Distance to high school 89 61 3 240
Distance to capital town 132 78.4 0 360
Distance to health center 74 56 0 240
Distance to nearest 85 58.8 0 4

microfinance

Source: Own analysis and survey data, 2021

Appendix Table 3. Distribution of crops grown by plots and study sites

232

Crops Study sites
grown West Shewa North Shewa Total

Frequency (%)  Frequency (%) Frequency (%)
Wheat 271 36 258 37 529 36
Tef 245 32 113 24 358 24
Faba bean 61 8 125 18 186 13
Barley 63 8 108 15 171 12
Chick pea 19 2 51 7 70 5
Maize 61 8 0 0 61 4
Field pea 5 1 19 3 24 2
Sorghum 7 1 14 2 21 1
Potato 18 2 1 0.14 19 1.3
Lentil 3 0.4 11 1.6 14 1
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Grass pea 9 1 3 0.4 12 1
Total 762 100 703 100 1465 100

Pearson chi2 (10)=189.696 Pr=0.000
Source: Own analysis and suvey data, 2021

Appendix Table 4. Summary statistics of cash incomes by various sources (n=385)

Income sources Frequency Percent  mean Std. Dev.
Off-farm (Yes=1;1000 ETB) 26 7 4.09 4.4
Petty trade (Yes=1;1000 ETB) 46 12 3196 421
Milk (Yes=1;1000 ETB) 59 15 28.83 279
Live animal (Yes=1;1000 ETB) 129 33 2582  21.3
Staple crops (Yes=1;1000 ETB) 351 91 23.22 20.83
Butter and cheese (Yes=1;1000 ETB) 74 19 7.7 10.5
Forest (Yes=1;1000 ETB) 45 12 10.77 11.57
Vegetable & fruits (Yes=1;1000 ETB) 46 12 6.79 6.9
Non-farm (Yes=1;1000 ETB) 54 14 5.76 5.55
Other sources 70 18 8.05 11

Source: Own analysis

Appendix Table 5. Marginal effects after oprobit

Variable dy/dx Std.err p>z X

SEX* -0.001 0.001 0.362 0.924
agehhh -0.000 0.000 0.860 46.217
eduHHs 0.000 0.000 0.781 4.520
fsizeaeg 0.000 0.000 0.038 3.570
plotsz 0.012 0.004 0.002 -0.954
Igpltds 0.001 0.000 0.020 2.648
solferty* 0.000 0.001 0.767 0.261
solfrty2* -0.002 0.001 0.121 0.648
gentl* 0.001 0.001 0.388 0.349
steep™ 0.002 0.001 0.141 0.175
averag~p -0.000 0.001 0.955 2.128
averag~y 0.001 0.001 0.502 1.829
gotcre~t* -0.001 0.001 0.028 0.229
mcoop* -0.002 0.001 0.011 0.323
Igsala~A -0.006 0.003 0.024 9.007
zone 0.004 0.002 0.020 1.480
ajcpee~s 0.000 0.000 0.132 2.175
Idcert* -0.002 0.001 0.144 0.862
gotrain* -0.000 0.001 0.540 0.644
lgcovMT -0.002 0.002 0.315 2.161
lgcovRF -0.010 0.004 0.009 4.790
Iglivs~k -0.000 0.000 0.917 1.901
IgcropR -0.014 0.004 0.001 9.830
SDI -0.002 0.001 0.090 0.294
consol~C* -0.001 0.001 0.020 0.187

Incostha -0.002 0.001 0.160 10.081
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pecsol~g* -0.003 0.001 0.003 0.290

(*) dy/dx is for discrete change of dummy variable from 0 to 1

Source: Own analysis

Appendix Table 6. Farmers’ agreement on the attributes of improved seeds (N=385)

Attributes Improved seeds (%)
Strongly  Agree Indifferent Disagree Strongly
agree disagree
Convenience 43 51 5 1 0
Relative advantage and visibility 46 52 2 1 0
Triability 33 53 12 0 0
Accessiblity and affordability 28 34 14 18 5

Source: Own analysis result

Appendix Table 7. Farmers’ agreement on the attributes of inorganic fertilizers (N=385)

Attributes Inorganic fertilizers (%)
Strongly  Agree Indifferent Disagree Strongly
agree disagree
Convenience 40 57 1 1 1
Relative advantage and visibility 41 54 0 2 4
Triability 31 66 3 1 0
Accessiblity and affordability 28 45 10 12 5
Source: Own analysis result
Appendix Table 8. Farmers’ agreement on the attributes of rotation (N=385)
Attributes Rotation (%)
Strongly  Agree Indifferent Disagree Strongly
agree disagree
Convenience 55 41 4 0 0
Relative advantage and visibility 48 48 3 0 0
Triability 45 51 4 0 0
Accessiblity and affordability 47 43 8 1 0

Source: Own anaylsis result

Appendix Table 9. Farmers’ agreement on the attributes of soil conservation (N=385)

Attributes Soil conservation (%)
Strongly  Agree Indifferent Disagree Strongly
agree disagree
Convenience 36 61 3 1 0
Relative advantage and visibility 35 64 2 0 0
Triability 24 69 5 1 0
Accessiblity and affordability 30 53 12 5 1

Source: Own analysis result
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Appendix Table 10. Farmers’ agreement on the attributes of vegetation (N=385)

Attributes Vegetation (%)
Strongly  Agree Indifferent Disagree Strongly
agree disagree
Convenience 36 56 6 2 0
Relative advantage and visibility 30 64 6 1 0
Triability 25 63 10 1 0
Accessiblity and affordability 28 49 17 5 1

Source: Own analysis result

Appendix Table 11. Farmers’ agreement on the attributes of farm water management

Attributes

Farm water management (%)

Strongly  Agree Indifferent Disagree Strongly

agree disagree
Convenience 32 49 18 2 0
Relative advantage and visibility 27 58 13 2 0
Triability 24 52 18 6 0
Accessiblity and affordability 29 43 18 9 2

Source: Own analysis result

Appendix Table 12. Farmers’ agreement on the attributes of soil amendement (N=385)

Attributes Soil amendement (liming) (%)
Strongly  Agree Indifferent Disagree Strongly
agree disagree
Convenience 1 11 76 9 4
Relative advantage and visibility 1 12 74 7 6
Triability 1 8 78 10 3
Accessiblity and affordability 0 7 76 13 4

Source: Own analysis result



Appendix Table 13. Stochastic frontier normal/half-normal model
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znco Coef. St.Err.  t-value p-value  [95% Interval] Sig
Conf

Ivqut .668 013 53.38 0 .643 .692 falaled

znld .389 041 9.41 0 .308 A7 falaled

znsd 141 .037 3.84 0 .069 213 falaled

znfz 276 .069 4.02 0 141 41 falaled

znps .026 .026 0.98 327 -.026 077

ODS -.125 .04 -3.12 .002 -.203 -.046 falaled

VRF .065 .022 2.99 .003 .022 107 falaled

sps .07 .01 7.21 0 .051 .089 falaled

Constant 1.199 282 4.26 0 .647 1.751 il

Constant -3.055 127 -2399 0 -3.305 -2.806 falaled

Constant -2.604 234 -11.14 0 -3.062 -2.146 il

Mean dependent var -3.991 SD dependent var 0.572

Number of obs 1058 Chi-square 3645.671

Prob > chi2 0.000 Akaike crit. (AIC) 260.505

*** p<.01, ** p<.05, * p<.1

LR test of sigma_u=0: chibar2 (01) = 10.50 Prob >= chibar2 = 0.001

Source: Own analysis

Appendix Table 14. OLS estimates of frontier cost function

Znco Coef.  St.Err. t-value p-value  [95% Conf Interval] Sig

Ivqut 667  .013 53.25 0 643 .692 falaied

znld 384 .041 9.31 0 .303 465 falaled

znsd 71 037 4.57 0 .098 .245 falaied

znfz 259  .069 3.73 0 123 .396 falaled

znps 031  .026 1.19 235 -.02 .082

ODS -115  .041 -2.81 .005 -.195 -.035 falaled

VRF 066  .022 2.96 .003 022 .109 falaied

sps 071 .01 7.19 0 .052 .091 falaled

Constant 93 279 3.34 .001 .383 1.477 ikl

Mean dependent var -3.991 SD dependent var 0.572

R-squared 0.773 Number of obs 1058

F-test 447.088 Prob > F 0.000

Akaike crit. (AIC) 267.003 Bayesian crit. (BIC)  311.680

*** <01, ** p<.05, * p<.1
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Appendix Table 15. Variance inflation factor

Variables VIF 1/VIF
IgsalaryHDA 2.598 0.385
COovRF 2.449 0.408
Sps 2.447 0.409
znfz 2.236 0.447
Iglivstok 1.676 0.597
znsd 1.566 0.639
fsizeaeg 1.544 0.648
OoDS 1.499 0.667
VRF 1.432 0.698
eduHHs 1.395 0.717
Idcert 1.379 0.725
agehhh 1.26 0.794
consolACC 1.214 0.824
znld 1.206 0.829
SDI 1.206 0.829
gotcredit 1.203 0.831
Ivqut 1.181 0.847
mcoop 1.135 0.881
znps 1.133 0.883
SEX 1.116 0.896
Igpltds 1.051 0.951
Mean VIF 1.52

Source: Own analysis

Appendix Table 16. Akaike's information criterion and Bayesian information criterion for

model test

Model  Observation Il (null) LI (model df BIC AIC
cobbdg 1058 -116.094 11 308.794 254.188
translog 1058 -28.380 26 238.828 108.760

LR chi2(15) = 175.43 Prob > chi2 = 0.000. Note: the statistical results from the above
table is compared with the tabulated value from Kodde and Palm, 1986; and hence 175.43
> 34.58 with 26 df at 95% CI; implying that TL best fits the data at hand.

Source: Own analysis

Appendix Table 17. Climate change related constraints (N=385)

Constraints

Do you think this a problem (Yes = %)
West Shewa North Shewa Pearson chi2 test

Drought

Frost

Pests (Disease, insects and weeds)
Disease (crop)

Flood

33 23 69.546***
85 66 74.124***
87 47 280.888***
70 39 146.758***
62 45 183.849***

Source: Own analysis and survey data, 2021



Appendix Table 18. MNLs model selection estimates for selected SAIPs use

Variables ViF1S:1 ViF1So ViFoS, VoF1$41 ViFsSo VoF1So VoFoS;
Coefficient Coefficient Coefficient Coefficient Coefficient (SE) Coefficient Coefficient
(SE) (SE) (SE) (SE) (SE) (SE)
Age (in years) 0.016 -0.002 0.020 0.016 0.006 0.004 0.023
(0.014) (0.014) (0.026) (0.014) (0.027) (0.014) (0.015)
Education (in years) 0.044 0.091 -0.246 -0.081 0.035 -0.027 0.004
(0.079) (0.075) (0.184) (0.080) (0.177) (0.077) (0.005)
Family size (number) 0.010 0.012 0.420* 0.120 -0.088 0.186 -0.062
(0.121) (0.116) (0.239) (0.123) (0.225) (0.116) (0.089)
Sex (1=male) 1.246%** 1.254*** (0,593 0.480 -0.248 0.790* 0.018
(0.494) (0.456) (0.990) (0.462) (0.866) (0.443) (0.138)
Livestock (TLU) -0.161 -0.187 -0.274 -0.210 0.785 -0.348 0.336
(0.338) (0.332) (0.649) (0.340) (0.767) (0.333) (0.396)
Plot size (ha) 0.718*** 0.510** -0.206 0.210 -0.275 0.203 0.159
(0.243) (0.235) (0.467) (0.245) (0.521) (0.234) (0.282)
Slope (gentle to medium) (1=yes) -0.324 0.029 0.064 -0.710** 0.027 -0.230 -0.750**
(0.317) (0.306) (0.550) (0.323) (0.631) (0.306) (0.366)
Slope (steep) (1=yes) 0.003 -0.576 -1.557***  0.044 -15.807 -0.953** 0.567
(0.410) (0.417) (1.154) (0.410) (17.058) (0.424) (0.431)
Plot distance (walking minute) -0.375 -0.268** 0.057 -0.663*** 0.036 -0.539***  -0.201
(0.135) (0.134) (0.243) (0.135) (0.295) (0.133) (0.150)
Coop. membership (1=yes) 1.516***  1.722%**  (.236 1.447*** 0.932 1.101***  0.874
(0.420) (0.414) (0.756) (0.422) (0.748) (0.418) (0.459)
Land certificate (1=yes) 0.762 1.033** 14.026 1.128* 14.594 1.085* 0.670
(0.583) (0.554) (16.880) (0.578) (15.427) (0.558) (0.664)
Location (1=Oromia) -5.798***  10.155*** -3.528 -4,038** 7.675** 9.010*** -14.091**
(1.920) (1.874) (3.387) (1.945) (3.046) (1.877) (5.359)
Extension service (DA’s salary) 4.583*** 6.935***  1.313 0.155 4.997 3.967** -18.277***
(1.810) (1.667) (3.64) (1.894) (4.673) (1.663) (6.834)
Get credit (1=yes) 1.388*** 0.514 1.078 1.214*** 1.370 0.752* 0.854*
(0.151) (0.448) (0.696) (0.442) (0.846) (0.447) (0.487)

238
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Variables V,F,;S, V,F;S, V,;F,S; VoF;S, V;FoSo  VoF;So VoFoS;
Coefficient  Coefficient (SE) Coefficient ~ Coefficient Coefficient  Coefficient Coefficient
(SE) (SE) (SE) (SE) (SE) (SE)

Get training (1=yes) 0.910*** 0.736** 3.048** 0.821** 0.034 0.811** -0.004
(0.339) (0.320) (1.170) (0.339) (0.664) (0.320) (0.385)

Appendix Table 18 (Continued)
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Historical rainfall (CoV)
Historical max. temp. (CoV)
Plot clustering (ACC) (humber)
Income diversification (SDI)
Perception (1=plot was degraded)
Peer farms (number)

Constant

Log likelihood

Wald ¥ test (147)

Prob > y?

Hausman test

Number of observations (plots)
Number of observations (HHSs)

12.365%**
(4.159)
-1.926
(2.056)
1.488*
(0.786)
0.711%%*
(0.674)
1.746%**
(0.415)
0.029
(0.061)
-86.895***
(25.867)
-2028.47
1124.5
0.000

1 (10) = (b-B)[(V_b-V_B) ~ (-1)] (b-B) = 4.03; Prob > * = 0.9458

1465
385

16.274%** 6.024
229 e

-2, 671
(1.943) (3.930)
1.560%* 1.680*
(0.797) (0.965)
0.846 -0.61
(0.657) (1.21)
0.257 2.11%**
(0.436) (0.648)
0.125%* 0.143
(0.059) (0.101)
-118.204*** -56.768***
(25.016) (168.37)

12.716%**
(4.173)
-0.894
(2.138)
0.931
(0.800)
-0.548
(0.677)
1.508%**
(0.418)
0.065
(0.061)
-51.934*
(26.327)

14.302%*
(6.189)
-11.297**
(4.966)
-14.940
(28.276)
0.024
(1.492)
0.398
(0.824)
0.101
(0.122)
96.448
(154.452)

14.995%**
(4.118)
-2.319
(1.950)
1.429*
(0.815)
0.617
(0.656)
-0.174
(0.440)
0.049
(0.060)
-85.984***
(25.027)

-6.402
(6.268)
12.440%**
(3.855)
-0.002
(0.870)
-0.158
(0.772)
1.384%%*
(0.443)
0.142%*
(0.064)
144.700%**
(68.802)

Note: V= improved crop variety, F= inorganic fertilizers, S= soil conservation practices. 1= used and 0= not used; *** p <0 .01, ** p < 0.05, p <
0.1; the Hausman test for 1A assumption with HO: Odds are independent of other alternatives, and no systematic change in coefficients by

excluding or including one alternative from/to the model is accepted with test results of Chi2(10) = 4.03, prob > chi2 = .946
Source: Own survey data analysis
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Appendix Figure 2. Cost of cereal production

7.3. Household Level Survey Questionniare
Part I: General information

Region:

Zone:

District:

Kebele:

Enumerator Name: Signature:

Date of interview (DD/MM/YYYY):

Supervisor Name: Signature:

Traditional Category of the Study Kebele: 1= Highland 2= Midland

Part 11: Household Characteristics

Household demographics (2011/12 EC)

S.NO. | Name  of | Sex Age Education | Marriag | Relation | Occupation Participati
household | 1. (years | (complete |e to HH (Code C) on in
member Male ) d years) (Code (CodeB decision-
(start with | 0. A) ) making
respondent) | Femal process

e (1=yes,
0=no)

y

main | secondar

~N| OO B WIN




3.3.1

3.3.2.

3.3.3.

3.3.4.
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8

9

10

11

Code A:l=marry ,2=single, 3=divorced, 4=widowed, 99=NA, Code B: 1=head,
2=spouse,3=child,4=hired worker, 5= Other, Code C:1= farming, 2= salaried, 3= casual
laborer on-farm, 4= casual laborer off-farm, 5=schooling, 6=household chore, 7=trade, 8=
herding, 99=NA

Part 111: Asset endowments, and social capital and network

3.1. Land ownership

S.No. | Land use particulars (2011712 EC) | Do you have a
cropping season | land cert.,
(ha) (1=yes/0=no)
1 Total land owned
2 Land covered by annual crops
3 Land covered by perennial crops
4 Land allocated for grazing / browsing
5 Land allocated for hay making (improved forage)
6 Land allocated for Eucalyptus tree
7 Area of land irrigated
8 Leased-out (shared-out) land
9 Leased-in (shared-in) land
10 Others (specify)
3.2. Livestock holding during (2011/12 EC)
S.No. | Type of animal Number of local | Number of cross | Average selling price
breeds breeds (Birr)
1 Ox
2 Cow
3 Bull
4 Heifer
5 Calve
6 Sheep
7 Goat
8 Donkey XXXXXXXXXXXXX
9 Horse XXXXXXXXXXXXX
10 Mule XXXXXXXXXXXXX
11 Chicken

3.3. Social infrastructure, decision-making process and institutions

Decision making

In your household, who makes decision to buy external inputs? 1= head, 2= spouse, 3=
both

In your household, who decides to use land resource management practices on each plot?
1= head, 2= spouse, 3= both

In your household, who makes decision to engage in different income diversification
strategies? 1= head, 2= spouse, 3= both

In your household, who makes decision to use purchased inputs on each plot? 1= head, 2=
spouse, 3= both
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3.2.5. In your household, who makes decision to sell crop outputs in the market? 1= head, 2=
spouse, 3= both

Institutions, social and social infrastructures

3.4.1. Does the HHH or spouse belongs to any formal (kebele admin, civic associations) and
informal institutions (Idir, Sebeka, Senbete)? (1=yes, 0=no)

3.4.2. Does the HHH or spouse belongs to any informal institutions (Idir, Sebeka, and Senbete)?
(1=yes, 0=no)

3.4.3. If yes for equation 2.3, are you (head/ spouse) in a leadership position? (1=yes, 0=no)
3.4.4. Do you (head or spouse) belong to any agricultural cooperatives? (1=yes, 0=no)

3.4.5. How many relatives do you have inside and outside your kebele whom you make a
frequent contact?

3.4.6. How many friends do you have inside and outside your kebele whom you make a frequent
contact?
3.4.7. Number of times extension agent visited you in 2011/12 EC:
3.4.8. Number of times district experts visited you in 2011/12 EC:
3.4.9. Number of times researchers visited you in 2011/12 EC:
3.4.10. Number of times zonal experts visited you in 2011/12 EC:
3.4.11. Number of times regional experts visited you in 2011/12 EC:
3.4.12. Number of times federal experts visited you in 2011/12 EC:

3.4.13. Household satisfaction with extension service provided _ (0=no, 1=less, 2=medium,

3=high)
3.4.14. Is there any rule and regulations regarding land use in your kebele? 1=yes, 0=no
3.4.15. Is there any local by-law regarding land use in your kebele? 1=yes, 0=no
3.4.16. How much time it takes to get the main output market: __ (walking minutes) __km

3.4.17. How much time it takes to get the main input market: _ (walking minutes) __ km
3.4.18. How much time it takes to get drinking water source: __ (walking minutes) __km
3.4.19. How much time it takes to get all weather road: (walking minutes) __km
3.4.20. How much time it takes to get Junior school: (walking minutes) __km
3.4.21. How much time it takes to get High school: (walking minutes) __km

3.4.22. How much time it takes to get capital town: (walking minutes) __ km

3.4.23. How much time it takes to get the health center: __ (minutes) __km

3.4.24. How much time it takes to get microfinance: (minutes) __km

3.4.25. Number of people you can rely on for critical support in times of need within this Kebele:

3.4.26. Did you need credit (kind or cash) to buy inputs and farm implements for 2011/12 EC
cropping season? 1=yes, 0=no

3.4.27. If yes for equation 2.23, did you get it? 1=yes, 0=no

3.4.28. If yes for equation 2.24, how much? birr. Sources of credit:

3.4.29. Did you need credit (cash) to diversify your income sources for 2011/12 EC cropping
season? 1=yes, 0=no

3.4.30. If yes for equation 2.26, did you get it? 1=yes, 0=no

3.4.31. If yes for equation 2.27, how much? birr. Sources of credit:

3.4.32. Did you get training on crop production during 2011/12 (12 months)? 1=yes, 0=no

3.4.33. If yes, who gave the training? (1=extension, 2=research, 3=others)

3.4.34. Did you get training on land management during 2011/12 (12 months)? 1=yes, 0=no

3.4.35. If yes, who gave the training? (1=extension, 2=research, 3=others)

3.4.36. Did you get training on dairy production during 2011/12 (12 months)? 1=yes, 0=no

3.4.37. If yes, who gave the training? (1=extension, 2=research, 3=others)

3.4.38. Did you have any farm consolidated in agricultural commercialization cluster (ACC)?

(1=yes, 0=no0); if yes, name the commaodity
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3.4.39. Did you ever participate in any Sustainable Land Management project? (1=yes, 0=no), if
yes, name the project

Climate change related
3.5.1. Have you ever noticed climate change/ variability in your area? (1=yes, 0=no)

3.5.2. If yes for eqn. 2.38, What were the events? (1=drought, 2= frost, 3=flood & erosion,
4=disease, 5=pests,6=0thers)

3.5.3. Did you feel that climate change affects your farm activities? (1=yes, 0=no)

3.5.4. If yes for eqn. 2.40, what is the effect? (1=negative, 2= positive)
3.5.5. If your answer is 1 for eqn. 2.4, did you take mitigation measures? (1=yes, 0=no)

3.5.6. If yes for eqn. 2.42, what were there? (0= nothing, 1=SWC practices, 2=vegetation,
3=conservation tillage, 4= improved seeds, 5=inorganic fertilizers, 6=organic fer.
7=legume rotation, 8= others)

3.5.7. Did you believe that most residents in your area are trustworthy? (1=yes, 0=no)
Part VI. Awareness and Knowledge about technologies

Improved Sl | Did If yes for | If yes for C2, | If yes for | If yes for C4, | If no for
practices you C2, since | did you | C4, since | will you | C6, why?
aware | then (no | practice it | then (no of | continue to use | Code A

(1=vyes; | of years) | (1=yes;0=no) | years) it (1=yes;0=no)
0=no)

Major
source
S
(multi
ple
choice
)
Code
B

1 2 3 4 5 6 7

8

Improved crop
varieties

Soil
conservation

Water
conservation

Inorganic
fertilizers

Vegetative
plantation

Compost,
biogas
byproduct

Biofertilizer

High value
crops

High value
livestock

Legume
rotation

Code B: 0=own; 1=extension, 2= research, 3=NGOs, 4=relatives, 5= Farmer groups/cooperatives

Code A: 1=not compatible, 2= complex, 3= less triability, 4=no immediate benefit, 5= benefits are not observable

Part 1V: Plot level characteristics and production practices (2011/12 EC)
4.1. Plot characteristics
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10 11

12 13

14 15 16

Part V: Income diversification activities, technology attributes and food security
5.1. Household participation in income diversification activities over the last 12 months

(2011 EC)

Product Did

type

participate
(1=yes,0=n0)

For
how
man

y
days

you

Incom
e
earned
(birr)

who make
decision to
engage in
(Code A)

Motivations (Mas): 1=reduce risk
uncertainty
2=seasonality of farming, 3=demand
arises, 4= for necessity, 5= increase
income, 6= family connection

and

of  farming,

1 2

3

4

5

6

Milk sale

Butter

Cheese

Live
sale

dairy

Fattening

Fishery

Vegetables

fruits

Eggs

Honey

Live birds

Forest

Code A: 1= head, 2= spouse, 3= jointly
various income sources over the last 12 months and

5.2. Households participation in

farmers/ motivations

Sources Did you | For how | Incom | who make | Motivations (multiple
(hhs) many e decision  to | choices): 1=reduce risk
participat | days earned | participate and uncertainty of
e (birr) (Code A) farming, 2=seasonality of
(1=yes,0 farming, 3=demand arises,
=n0) 4= for necessity, 5=

increase income, 6=
family connection

1 2 3 4 5 6

Off-farm wage

Non-farm wage

Trade

Safety net

Salary/pension

Sale of crop residues /
hay

Rental property
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(house, cart etc.)

Firewood/charcoal/du
ng

Remittance

Others (specify)

Code A: 1= head, 2= spouse, 3= jointly
5.3. Farmers’ perceptions about the attributes of SAIPs (Do you agree about the attributes
of SAIPs?)

No | Category of SAIPs | Attributes of the SAIPs (Response: Code A)
Relative advantage | Convenience | triability | accessibility and
and visibility in use affordability
1 | Inorganic fertilizers
2 | Improved seeds
3 | Soil  conservation
structures
4 | Water conservation
structures
5 | Vegetation
(planting)
6 | Organic fertilizers
7 | Other agronomy
practices

CODEA:1=strongly disagree, 2=dieagree,3=indifferent,4=agree, 5=strongly agree
5.4. Food security (wealth status)

In the last 12 months, have | If yes, | Total days | Solutions (1=rely on less preferred
you been faced with a|in experienced | food, 2= reduced meal times,
situation when you did not | which shortage 3=limit meals size, 4=borrow food,
have enough food to feed | months? 5=no

the household?

(1=yes, 0=no)

30. Is there a Landcare group/ association in your area? (1=yes, 0=no)
31. If yes for equation 30, are you (or household member) a member? (1=yes, 0=no)

Thank you
I. Checklists for investments in Sustainable Agricultural Intensification

Practices (SAIPs) at a level
Office/Institution:

Department:
Note: The major components of SAIPs include germplasm (improved seeds), inorganic
fertilizers, vegetation, soil conservation, and drainage (water conservation practices), soil
amendments, and pesticides

Table 1. Stakeholder institutions interaction/interplay/coordination in SAIPs policy
implementation

No | Actors Mandates | Is there a | If yes, linkage | If yes, what | Duration of | Level
(stakeholders) linkage types used institutional | institutional | (1=local,
(1=yes,0=n0) | (1=horizontal, | arrangements | arrangements | 2=district,
2= vertical) used (Code | (1=short- 3=zonal,
B) term, 2= | 4=regional,
long-term) 5=federal,
6=other)
1 |2 3 4 5 6 7 8
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BIWINF

5

Code A: 1=Normative , 2= ideational, 3= incentives
What types of normative compellence (rules, regulations, guidelines, standards, and
forum) arrangements used in SAIPs policy implementation?

What types of ideational (means of sharing information, beliefs and knowledge)
arrangements used in SAIPs policy implementation?

What types of incentive (grants, subsidies, and others) arrangements used in SAIPs policy
implementation’

1.4. Were roles assigned for each stakeholder? In other words, have roles and responsibilities for
each stakeholder been defined and assigned? (yes/no)

If no, for 1.4, why
If institutional arrangements are short term? What were the main reasons?

What are/were the main projects that have been contributed to the above institutional
arrangements?

What were/are the main barriers for investments in SAIPs by smallholder farmers?

What were/are the main incentives for investments in the study area?
Monthly salary of DAs in your kebele
2. Table. SWOT analysis for SAIPs policy implementation

Strengths Weakness

Opportunities Threats

Table 2. Constraints at institutional scale level for SAIPs intervention

Institutional Constraints Voice (1=strongly

scale disagree,
2=disagree,3=indifferent,
4=agree, 5=strongly
agree)

Constitutional Existing policies and legislation poorly define the
roles and responsibilities for SAIPs interventions

Different actors have overlapping activities over the
same SAIPs interventions

Inadequate enforcement of existing policies and
laws and lack of legal support for the actors trying
to enforce the legislations

Poorly defined property rights

Organizational | Poor horizontal networks within and between
governance stakeholders of the operation
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Lack of skilled staff

Lack of modalities/guideline for
involvement(integration)

Inflexible governance structure of the institutions

Operational
level

High financial costs of participation (co-
management)

High time costs of participation (co-management)

Lack of clear modality/channels of communication

Lack of land use law enforcement tools from land
administration

2.1. The monthly salary of development agents

Thanks for spending your time

Birr.




7.4. Lists of Key Informants

District | Name of experts | sex | Age | Education | Department mobile Title Others
Toke Mr. Adinew M |38 |BSc Crop development and agronomy | 0913125881 Expert
Kutaye | Mr. Dejene M |42 |BSc Crop development and agronomy | 0965039810 Expert
Mr. Hirpasa M |42 | BSc Soil fertility management 0913938552 Team leader Other 4 experts
Mr. Zekarias M |43 |BSc Land administration 0966096933 Expert
Mr. Fedisa M |45 | BSc Extension 0925846752 Team leader
Mrs. Gadise F 25 | Level 4 Crop 0969442298 DA Birbisa Dogoma
Mr. Abdisa M |26 |Leveld Natural resource 0912164218 DA, head Wiajira
Mr.Teresa M |24 | Leveld Natural resource 0925490044 DA Maruf
Mr. Tadele M 40 BSc Admin, vice head 0910144542 head
Mr. Tesfaye M |40 |BSc Natural resource Team leader
Mr. Fikadu M |28 |BSc Natural resources expert
Ejere Mr. Bizuayehu | M | 38 | BSc Crop development and agronomy | 0913461654 Expert
Mr. Neway M |39 |BSc Admin 0913218940 Vice Head
Mr. Belete M |42 |BSc Extension 0910457637 Expert
Mrs. Selamawit | F 32 | BSc Natural resource management 0934446232 Expert
Mr. Dinaol M |28 |BSc Natural resource management 0912319996 Expert
Mr. Berhanu M |35 |BSc Natural resource management 0939230527 Expert
Mr. Kebede M |38 |BSc Land administration 0910116863 Expert
Mr. Desalegn M |41 |BSc Extension 0913055967 Expert
Mr. Dejene M |42 | Level3 Crop 0910544838 DA, head Chiri Kebele
Mr. Dejene A M |25 |Level3 Natural 0919499860 DA Illu Aga
Mrs. Haleku F 27 | Level 3 Crop 0925836475 DA Kussaye
Mr. Shiferaw M |35 |BSc Environmental protection 0935495078 Team leader
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(Continued)

Basona Mr. Gashaw M 43 MSc Crop development and agronomy 0913762836 | Expert

Werana Mr. Anteneh M 32 BSc Natural Resource mana 0978791212 | Expert 3 experts
Mrs. Adis Lak F 33 BSc Crop 0925893234 | DA, head Goshe Bado
Engidaw M 39 BSc Natural resource DA Goshe Bado
Mr. Bete M 39 BSc Crop DA, head Bakelo
Mr. Desalegn M 44 BSc Natural resources 0911084729 | DA, head Gudo Beret
Mr. Tadese M 32 BSc Ambhara credit and saving Team leader Goshe Bado
Mrs. Weynua 23 F BSc Land administration Expert Goshe Bado
Mr. Getaneh 45 M MSc Natural resource 0912415661 | Expert Zone

Mojana Mr. Abate 39 M BSc Extension Expert

Wadera Mr. Melketsedek | 41 M BSc Natural resource DA, head Isofi
Mr. Tilahun 32 M BSc crop 0913121269 | DA, head Filagenet
Mr. Wendafrash | 38 M BSc Natural resources DA, head Engda Washa
Mr. Eshetu 43 M BSc Crop development 0973163163 | Team leader
Mr. Abebe 40 M BSc Extension 0923077051 | Team leader
Mr. Haileyesus 34 M BSc Head, vice head
Mrs. Fentanesh 24 F BSc Land administration 0924141158 | Expert Engda Washa
Mr. Alebachew | 42 M BSc Natural resource 0938300610 | Team leader

Federal Musa J 50 M PhD Crop research Researcher Holeta

(MoA, Samuel D 42 M Msc Agricultural economics 0920533748 | Researcher Holeta

EIAR, Yitagesu T 41 M MSc Crop protection 0920371695 | Researcher Holeta

HLI) Lemma 43 M | MSc Crop research Researcher Holeta
Tigistu G 49 M MSc Land administration 0911121718 | Team leader MoA, Addis A.
Tefera S 46 M MSc Natural resource management 0911035582 | Expert MoA, Addis A.
Dagne W 50 M PhD Economics Lecturer Addis Ababa
Enedale G 51 M MSc Extension Expert MoA, Addis A.

Regional Bogale 52 M MSC Input supply Expert MoA, Addis A.
Getu M 45 M MSc Soil and water conservation 0912902033 | Expert MoA, Addis A.
Yalfal T 48 M MSc Agricultural economics 0918164021 | Researcher Bahir Dar




