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ABSTRACT ARTICLE HISTORY
Macro-level landscape patterns are often a result of a strong influence on Received 9 October 2023
human decisions at the micro level. The abilities and objectives of deci- Accepted 26 July 2024

sion-makers should be explicitly addressed to improve our understanding KEYWORDS

of land use transformation. This research explores the factors influencing Decision making; land use
smallholder farmers to transform their land use while implementing change; landscape
Forest Landscape Restoration (FLR). We employed a systematic sampling transformation; smallholders
technique to select a study catchment in Southern Ethiopia and 228

households were randomly approached for a household survey. Reaping

more economic benefits is the most contributing factor for land use

transformation in the study region. Land use transformation towards

FLR options such as woodlot and agroforestry is substantially influenced

by the location of the farm within the catchment. Furthermore, the study

reveals that land allocated for different land uses differs across farmers

depending upon their change orientation behaviours categorized as sur-

vivalist, subsistence-oriented and market-orientated smallholder farmers.

When carrying out FLR in the study region and in similar landscapes that

aim to engage smallholder farmers, it is important to promote fast-

growing economically rewarding tree species.

1. Introduction

Land allocation refers to a systematic procedure driven by data and regulation to distribute land to
various intended land use categories (Gebre et al., 2021). It stands as one of the paramount global
concerns (Wise et al., 2009). Correspondingly, land and resource use patterns contribute highly to
achieving environmental sustainability (Epanchin-Niell et al., 2022). Land use changes at the local
scale in landscape transformation have an impact on climate change, food security, and ecosystem
service provisioning. Aggregated local-scale land use decisions can influence land use system
change over large areas, with regional or even global implications (Crossman et al., 2013). Hence,
macro-level landscape patterns often result from the strong influence of human decisions and
behaviour at the micro level. Smallholder farmers have a critical role in land use decisions at
a local scale as land owners (Verburg et al., 2011). Their involvement is crucial in the development
and acceptance of planned land use types, influencing decisions on land use through their actions
and choices (Ahimbisibwe et al., 2019; Ariti et al., 2018; Githinji et al., 2023). Nevertheless, most
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studies and practices often give reduced emphasis to the reasoning behind the choice of certain
decisions made at the micro level (Mdiller et al., 2013).

The decision factors behind the land use transforming agents are different in the sense of
ability, attitude, and objectives of the decision makers (Epanchin-Niell et al., 2022; Miller
et al., 2013). The impact of these factors is not equally distributed spatially, as each com-
munity evaluates the impact of these prime factors through its particular set of endowments,
such as its biophysical factors, infrastructure, and social capital (Nyssen et al., 2009).
Literature indicates that modelling human decision-making is important for fostering the
understanding of coupled human-environmental systems (Matthews, 2006; Miller-Hansen
et al.,, 2017). However, the dynamic elements of social-ecological systems under continuous
changes in biophysical relationships and human preferences are poorly understood (Polasky
et al.,, 2011). The changes in land use patterns have important economic, social, and
environmental impacts that should be considered in developing land use policy (Matthies
& Karimov, 2014).

Besides the rural land use proclamation number 456/2005, which emphasizes rural land rights
and usage, particularly regarding cropland, Ethiopia does not possess a comprehensive land use
policy that aligns with its international and national restoration commitments. The country has
pledged to restore 15 million hectares of land under the Bonn Challenge (Pistorius & Freiberg, 2014;
Pistorius et al., 2017). This commitment to FLR can potentially be one of the factors playing a role in
land use transformation. Studies show that governmental and nongovernmental organizations
working on conservation issues in local areas are successfully encouraging farmers to engage in
similar conservation activities (Bennett et al., 2017). However, since different land uses have to be
coordinated and conflicting land uses have to be reconciled, an integrated land use planning
instrument is needed to achieve a pledged restoration goal (Wiegant et al., 2023). Therefore
considering the motivation of smallholder farmers to allocate land for restoration options will
complement land use planning instruments at local and regional scales.

According to the Opportunity Assessment Methodology (ROAM) assessment conducted in north-
ern Ethiopia, Amhara regional state, afforestation/reforestation, improved management of natural
forest, and improved management of woodlands, afro-alpine restoration and woodlot establishment
were identified as potential FLR options (Beatty et al., 2020). Among the land use practices of the
smallholder farmers, woodlot plantations and agroforestry practices are among the widely proposed
FLR options in the study area (Kassa et al., 2022; Stanturf et al., 2019). Land use transformations
toward a tree-based land use system especially a transformation toward expansion of woodlot
plantation and adoption of agroforestry can potentially influence the transformation of the land-
scape and further contribute to the achievement of the country’s FLR target. Studying those factors
that potentially influence smallholder farmers’ decisions in land use transformation supports attain-
ing a pledged goal while addressing the needs of the smallholder farmers in their motivation to
allocate land for different land use practices.

Local-level decision-making factors of smallholder farmers are prominent in land use transforma-
tions (Clement & Amezaga, 2008; Sikor, 2001). Understanding how land use decisions are made is key
to generating informed interventions and supporting better outcomes (Epanchin-Niell et al., 2022;
Poppenborg & Koellner, 2013). The ability, objectives, and attitudes, of decision-makers; expressed in
terms of motivation to change are considered to be the three immediate factors determining the
decision-making process of land use (Miller-Hansen et al., 2017; Valbuena et al., 2010). A farmer’s
motivation toward land use decisions can be influenced by a farmer’s attitude toward change and
the change objectives (Geist & Lambin, 2002). Framers can be driven by resources available to them
such as livelihood assets such as financial capital expressed as collateral (Starfinger, 2021), and
physical capital expressed as access to road and land tenure which plays a crucial role in tree
development (Mulu et al., 2022). Furthermore, exogenous factors such as policies and engagement
of smallholder farmers in FLR-related projects can greatly motivate farmers to change their land use
(Githinji et al., 2023).



JOURNAL OF LAND USE SCIENCE (&) 213

The ability and objectives of decision-makers are identified by examining their endow-
ments and resources (Scoones, 2009). Thus, household endowments and characteristics of
the land use decision-makers are important aspects to study to comprehend the reasons and
factors behind land use transformation. Thereby, the behaviour of farmers expressed with an
attitude of change can better explain land use transformations at the landscape level (Bakker
& van Doorn, 2009). To improve our understanding and the process of land use transforma-
tion, as well as to improve successful cooperation with smallholder farmers in FLR, their
perspective of decision-making drivers must be studied. Furthermore, the motivation and
characteristics of land use decision-makers, who are the land owners should be explicitly
addressed.

Therefore, this study investigates land use decision factors from the smallholder farmer’s view
that cumulatively transform the landscape of the Lake Chamo catchment, Ethiopia. The Lake Chamo
catchment is an area where a significant restoration project is underway with different FLR options
proposed to fulfil the commitment. The catchment is rich with diverse land use practices due to its
range of agroecological zone that comes with an elevation difference ranging from 1100 at the lake
shore to 2300 m above sea level (m.a.s.l.) at the upper catchment area (Abdi & Gebrekristos, 2022).
The catchment is potentially the most diverse environmental set-up in Ethiopia. Following
a quantitative and qualitative research design, this study aims to answer the following research
questions: i) Which livelihood assets and exogenous factors influence the land use decision making
of smallholder farmers?; ii) How is land allocated for different land use practices by different types of
land use decision makers?; and iii) What are the abilities of smallholder farmers and their objectives in
land allocation and transformation toward FLR options? The results of the study will help policy-
makers and other stakeholders working on FLR to understand the decision factors of land use from
smallholder farmers’ perspective.

2. Materials and methods
2.1. Study area description

The study was conducted in the Southern Nations Nationalities and People’s Region (SNNPR), which
is about 560 km to the south of Addis Ababa, the capital of Ethiopia. The study area, Lake Chamo
catchment is located within the Ethiopian Rift Valley system comprising a total area of 1943 km?,
which includes 329 km? surface area of the lake. The Lake Chamo catchment comprises six sub-
catchments comprising the Kulfo, Sile, Elgo, Wozeka, Dosie, and Amaro rivers (Zebire et al., 2019b).
The catchment area is characterized by a humid to hot semi-arid tropical climate with a bimodal
rainfall pattern of two wet seasons, one extending from the end of March to mid-June and the other
from mid-September to late November (Wagesho, 2014). Due to the land use practice of steep-slope
farming in the catchment, deforestation and land degradation is a major problems. As a result, the
catchment faces a high risk of forest loss that threatens Lake Chamo with sedimentation (Teffera
et al,, 2017).

The country is restoring degraded landscapes as part of commitment to different international
and national restoration pledges including the Bonn Challenge aiming to restore 15 million hectares
of degraded landscape by 2030 (Pistorius & Freiberg, 2014). As part of this commitment, the country
is working together with international organizations, NGOs, and the local community to restore the
landscape with diverse plantation schemes and intensive tree plantation campaigns on communal
lands of the area (Beyene & Shumetie, 2023). Hence, land use of the area has transformed in the past
and it is in a continuous transformation. The selected study area is diverse in terms of land use
practices because of the range of its agroecological zones from the highland to the lowland. Hence,
the study area is representative of a diverse landscape where interest from the heterogonous farmers
in the landscape is exercised. Furthermore, the landscape is in a continuous transformation as
a result of land use changes.
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The major land use in the catchment is agriculture with common crops like maize and sorghum in
the lower catchment and irrigated banana and papaya fruits on the plains near the lake (Zebire et al.,
2019a). The mid and high-altitude zones receive higher rainfall, up to 1,200 mm. According to the
information provided by Geresse and Arbaminch Zuria districts, the primary means of livelihood
revolves around engaging in mixed farming, predominantly focusing on cultivating maize and
sorghum. Maize and sorghum are the most important staple food crops grown in the catchment
(Zebire et al., 2019a). Maize grows in the highland and midland areas, while sorghum is most suited
to the lowlands and midlands. The other annual crops grown in the area include teff, barley, wheat,
pulses, oilseeds and vegetables. Enset, coffee and fruit trees are the most common perennial crops in
the area (Ahimbisibwe et al., 2024). Among cash crops, fruit trees of banana and mango are by far the
most important source of income in the lower catchment area (Gochera & Worku, 2022), while coffee
is the second most important cash crop, it is most common in the upper and middle catchment
areas. According to the information provided by Arbaminch Zuria district, a minority of the popula-
tion is involved in fishing, selling fuelwood, gathering honey from forests, and engaging in small-
scale trade to sustain their livelihoods.

The catchment area is mainly occupied by a rural settlement having Arbaminch city located 50 km
away to the north part of the lower central catchment area. There are small semi-urban towns
located within the lower catchment area called, Kolla Shelle and Zeyse Wozeka. Geresse (a major
district town, which is also much larger) is situated at the uppermost part of the catchment area.

Figure 1 shows the location of the study area within the administrative boundary of
Ethiopia; regional and zonal boundaries. The location map is integrated with the land use
land cover map of the Environmental Systems Research Institute (ESRI) land use map of 2022.
ESRI developed a standardized global land-use map with a fine resolution of 10 m, based on
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Figure 1. (a) Ethiopia with its regional and zonal administrative boundaries, (b) the southern nations, nationalities, and peoples’
region (SNNPR) displaying zonal administrative boundaries and the location of the Lake Chamo catchment, (c) the Lake Chamo
catchment showing its sub-catchments and the land use and land cover of the study area. (source: own map).
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the European Space Agency (ESA) Sentinel-2 images with 86% accuracy in land-use classifica-
tion. From ground observation, small patches of smallholder woodlot plantation and home-
stead agroforestry practices lie within the major cropland category. Furthermore, irrigated
banana and papaya (perineal crops) are practised near Lake Chamo catchment in the Elgo
and Sile catchment.

2.2. Data collection methods and sampling procedures

We followed a mixed approach of quantitative and qualitative research methods to conduct the
study. We collected primary data using field observation, Key Informant Interview (Kll), household
survey and Focus Group Discussion (FGD) from August to October 2022 in the Lake Chamo catch-
ment area, Ethiopia. First, we conducted an exploratory field survey to identify the land use practices
in the landscape. Two key informant interviews were conducted in Gerese and Arbaminch Zuria
districts with the agriculture and natural resource management experts. We identified the major land
use practices of sub-catchments and kebeles (the smallest administrative units) with diverse land use
practices. Based on this, three sub-catchments, Sile, Elgo, and Wozeka were purposively selected due
to their prospective representation of the diverse land use practices. Semi-structured interviews with
key informants sought to identify the most common land use and farming system practices within
the entire catchment and to identify those kebeles that fall in the selected catchments.

In the second stage, the selected sub-catchments were divided into three parts: upper, middle,
and lower, based on the elevation difference following the river flow. Based on the inputs from the
key informants, we selected kebeles systematically that show diverse land use system practices
representing the catchment. The criteria we followed to select the kebeles were the representation
of identified land use systems; these are woodlot, agroforestry, and crop-dominated kebeles with
other secondary or tertiary land use practices, and spatial distribution in the catchment whereby, at
least one kebele is selected from the three sub-catchments. Based on this, we selected 11 kebeles.
(The selected kebeles and spatial distribution within the catchment are identified in the supplemen-
tary S1). To conduct the household survey, the sample size was determined using the formula by
Cochran (1977) (Equation 1). We applied the proportion of smallholder farmers in Ethiopia (82%)
(Bachewe & Taffesse, 2018; CSA, 2021).

2
hoZ -/D.(;2 p) )
Where n = desired sample size, z= Value of standard variation (1.96), e = Acceptable error (0.05), p =
the proportion of the target population. The formula yielded a sample size of 228, which was
adopted for final data collection.

Before conducting the actual household survey, a pre-test questionnaire was conducted on 10
randomly selected households in the study area. The test survey formed the basis for which land use
practices by the smallholder farmers were categorized. Subsequently, four land use practices were
selected including, crop, agroforestry, woodlot, and grazing. The crop land use category refers to
land covered by annual crop production. The Agroforestry category comprises a mix of a perennial
crop called enset, coffee, and shed trees such as Cordia Africana, which are the major agroforestry
types in the upper and middle catchment whereas fruit trees with annual crops are the major
agroforestry practices in the lower catchment. Woodlots are the land allocated for small patches of
plantation forest, typically under Eucalyptus camaldulensis and Cupressus lusitanica species. Grazing
land is land allocated explicitly to grow grass and fodder for livestock with either cut-and-carry
systems or direct grazing. Then an extensive list of reasons for practising these land use, reasons for
changing land use in the past, and influencing factors in the land use decisions were developed.
Subsequently, a structured questionnaire was designed and applied to collect data from the 228
randomly selected households. Trained research assistants from Arbaminch University, Ethiopia
together with the first author administered the questionnaire using a local language, Gamogna.
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At the final stage of data collection, we conducted a Focus Group discussion (FGD) to deepen and
verify findings on preferred land uses and farming system practices in the study area. A total of three
FGDs in Gerese zala, Dembile Otora and Zeyse wozeka, (upper, middle and lower catchment areas)
were conducted to elaborate on how the results from the individual household survey can better be
interpreted when it comes to the land use decision-makers in the landscape. In each FGD, 16
participants, among which eight male and eight female participants discussed land use system
components practised in the area and land use patterns of individual and collective land use
practices. The discussants also identified and prioritized their most important land use practices
from Agroforestry, woodlot, grazing land and cropland in case of constrained land size.

2.3. Description of variables

2.3.1. Livelihood assets and exogenous factors

Livelihood assets and exogenous factors that would affect the motivations of smallholder farmers to
allocate land for different land use practices also influence land use decision and their attitude
towards change. A review of meta-studies on land use science states that immediate causes of land
use decision factors denote the outcomes of human decisions and underlying drivers constitute
factors that affect these decisions (Van Vliet et al., 2016). The five livelihood capitals developed by
DIFID (1999), physical, natural, human, financial and social capitals were each assessed using two
indicator variables. These variables were ranked on a 5-point Likert scale (Lissitz & Green, 1975; Ray,
1982). The indicators for each livelihood asset are as follows: i) physical capital is indicated by land
tenure and road access; ii) natural capital indicators are the number of livestock and land size; iii)
human capital indicators with labour and skilled people in the household; iv) financial capital
indicators are saving and collateral; and v) social capital indicators are wealth status and social
groups involvement. Similarly, the 5-point Likert scale was applied to identify the influencing
variable among the exogenous factors in the area, which include policy, government push and
project involvement.

2.3.2. Land use decision by farmers’ type

Several authors indicate that similar combinations of underlying drivers and biophysical conditions
cannot be decisive factors toward similar land use transformations (Rudel et al., 2009; van Vliet et al.,
2015). The variations are explained by the characteristics and attitudes of decision-makers who are
the change agents (Malek et al., 2019; Van Vliet et al., 2016). Thereby, the research explores how
different smallholder farmers decide to allocate land for certain land use practices. The ability of the
farmers in land allocation for different land use practices is constrained by their ownership, which is
their wealth status. Accordingly, three wealth classes among the sampled households were identi-
fied: rich, medium, and poor based on local wealth class standards (details on supplementary, S2),
which consider the size of their land, ownership of cattle and housing to categorize farmers based on
their wealth class. Then we used this household wealth status and carried out household categor-
ization based on their orientation to change. Following the decision makers category by Malek et al.
(2019), the smallholder farmers were clustered as survivalist, subsistence-oriented and market-
oriented.

According to this categorization, survivalist decision-makers are those with a primary objective of
survival; thereby their ability and motivation to change land use are minimal. Subsistence-oriented
farmers are those who perceive their land use beyond survival and aim toward gaining economic
profit. This type of farmer is change-oriented with better ability and motivation toward land use
change and diversification based on the household’s need and the market value of products. Market-
oriented farmers are those with a higher ability to use their land to gain economic profit. This type of
farmer is change-oriented and normally has a financial underpinning. For subsistence-oriented
smallholder farmers, survival is their primary concern, but they also aim to achieve economic
gains. Survivalist households are the most conservative of all types and are less likely to change
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Table 1. Categorization of land use decision makers based on their ability and objective of land use
transformation.

Wealth class Land use change Reason Farmers category
Rich Yes Economic benefit Market-oriented

Rich Yes Soil fertility loss Subsistence oriented
Rich No - Subsistence oriented
Medium yes Economic benefit Market-oriented
Medium Yes Soil fertility loss Subsistence oriented
Medium No - Survivalist

Poor Yes Economic benefit Market-oriented
Poor Yes Soil fertility loss Subsistence oriented
Poor No - Survivalist

their land use. Based on the data collected from the household survey, smallholder farmers were
clustered in these three categories based on their wealth status, whether they had changed their
land use in the last 5years or not and what the triggering factor for the change was (aspiring
economic benefit or a decline in soil fertility). Table 1 shows the detailed procedure of clustering the
farmers.

2.3.3. Ability of farmers in land use transformation and decision on FLR option

Farmers’ ability was defined to evaluate how land use decisions of smallholder farmers and decisions
in transformation are related to their abilities, which is a combination of knowledge, skills and
resources related to the management of their agricultural land optimal productivity, sustainability
and economic viability. Hence, we defined the age, the level of education and the gender of the
household head following Nyssen et al. (2009) and Senkondo (2000) alongside land size and number
of livestock in terms of Tropical Livestock Unit (TLU) as explanatory variables (Mulu et al., 2022;
Nyssen et al., 2009). Furthermore, we included the biophysical characteristics of the environment
explained by the location of the farm household within the catchment, as these have the potential to
influence their ability to transform (Mulu et al., 2022; Nigussie et al., 2017).

To analyse farmers’ abilities and objectives in land use decisions and transitions to FLR options, we
examined variables related to household characteristics and endowments. We characterized house-
holds based on the gender, education level, and age of the household head. We assessed household
endowments by considering the available land size and the number of livestock owned, measured in
Tropical Livestock Units (TLU). These factors influence farmers’ capacity to allocate and transform
land uses. Additionally, we linked the farm’s biophysical characteristics to its location within the
catchment area, categorizing them as upper, middle, or lower. These factors were analysed to
identify which variables affect the land use decision of the household especially to plant woodlots
on their farmland and practice agroforestry, as these suggest FLR implementation by the smallholder
farmers.

The intended objectives and decision factors behind transforming land use and farm practices
about economic, environmental, social and institutional factors were identified. Consequently, we
employed indicator variables; direct economic benefit (Mulu et al., 2022; Nigussie et al., 2017),
decline in soil fertility (Mulu et al., 2022), available family labour (Ahimbisibwe et al., 2019) as well
as engagement with policies and projects (Githinji et al., 2023). Reasons associated with land use
transformations are calculated only for those households that converted their land use within the
past 5years. The variables used in this research together with selected indicators and targeted
analysis are presented in Table 2.

2.4. Data analysis

The study analysed the livelihood assets and other exogenous factors (elaborated in Table 1) as
explanatory variables underlying how smallholder farmers in the area decide on certain types of land
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Table 2. Summary of explaining variables, indicators and analysis followed for the study.

Targeted Analysis

component Explaining variables Indicators Definition of indicator Unit
Household abilities Household characteristics, Land size Land size owned by the household ha
endowments and TLU Number of the livestock owned by the Unitless
biophysical factor household expressed in TLU
Education Education level of the household head years
Age Age of the household head years
Gender Gender of the household head binary
Location Location of the farm within the
catchment
Land use transformation Economic, environmental, Economic Direct financial benefit earned ETB/ha
factors social and institutional benefit
Soil Decline in soil fertility person/
ha
Labour Required labour for the production mandays
Policy Applying land use related policies Unitless
project Involvement in FLR-related projects  Unitless
involvement
Land use decision/ Natural capital Number of Number of livestock owned by the nominal
allocation factors livestock household
land size Land size owned by the household nominal
Physical capital land tenure Ownership of certified land title nominal
road access Access to the road infrastructure nominal
Financial capital savings The amount of a household’s saving  nominal
collateral The potential of the farm practice to  nominal
be considered collateral
Human capital Labour Number of the available working force  nominal
within the household
skilled people  Number of people in the household  nominal
with the required skill of the farm
practice
Social capital wealth status  The local categorization of wealth as  nominal
understood by the farmers
social group Being a member of a locally nominal
involvement  established social group
Exogenous factors Policy Execution of policies by the nominal
government
Government External push from the government to nominal
push change land uses and plant trees
Project External push that comes from NGOs nominal
involvement  to participate in tree planting
Wealth and Change- Wealth status Survivalist decision-makers with a primary Unitless
orientation in land use  Poor objective of survival
decision Medium Subsistence survival is their primary concern, but  Unitless
Rich oriented also aim to achieve economic gains
Market- farmers with a higher ability to use Unitless
oriented their land to gain economic profit

ETB is the currency of Ethiopia; as of July 2024, 1 ETB = 0.016 Euros.

use practices. The results are presented using descriptive statistics. Analysis of Variance (ANOVA) was
conducted to see the differences in land use decision-making between survivalists, subsistence-
oriented, and market-oriented farmers toward land allocation of different land use types namely,
woodlot, agroforestry, crop, and grazing land. The ANOVA results are presented using box plots to
show the distribution of land use practices among the different categories of farmers.

We employed Logistic Regression (LR) to assess the relationship between the odds of the
household’s decision to plant woodlots on their farmland and practice agroforestry which suggests
FLR implementation is influenced by the household head’'s age, gender and education alongside
land holdings and livestock owned. LR is a machine learning regression technique that assesses the
relationships between dependent variables (binary or continuous) and a set of independent vari-
ables (Peng et al., 2002).
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Logistic Regression (LR) is well-suited for handling binary outcomes, even when the dependent
variable does not follow a normal distribution. The model predicts the likelihood of a desired
outcome based on given explanatory variables (the characteristics, of the household, endowments
and location within the catchment), represented by the intercept (a), regression coefficients (), and
an error term (g). By applying the Antilogarithm, the model forecasts the probability of the desired
outcome (the probability of woodlot and agroforestry practices). Thereby, a Logistic regression
model is fitted to analyse the effect of total land size, TLU, age, gender, and education status of
the household head on land allocation of the smallholder farmers in implementing FLR options,
woodlot plantation and agroforestry practice. The data were assessed for influenciality and multi-
collinearity using variance inflation factor and pairwise correlation, and no problem was detected.
The results of the logistic regression model is presented using an odds ratio.

Land use changes that occurred in the past five years were identified together with the reasons
for land use changes. A contingency table is used to analyse the correlation between different land
use transformations that occurred in the past five years with the contributing factors of change:
economic benefit, soil, labour, project involvement and policy. Results are presented using
a contingency table and illustrated using a balloon plot. The data obtained in this study were
analysed using the R software. The qualitative data obtained employing exploratory interviews
and follow-up FGDs was analysed contextually in the interpretation of the results obtained from
the household survey.

3. Results
3.1. Motivation of smallholder farmers derived by livelihood assets and exogenous factors

Livelihood assets and exogenous factors contribute to the farmer’'s motivation in their land use
allocation decisions. The result of the study indicates that natural capital and financial capital are
recognized as the most influencing livelihood assets in household land use decisions while project
involvement and policies are the most influencing exogenous factors. From the indicators of natural
capital, land size ownership is the most influencing factor. About 81.5% of the total households rated
the natural capital, designated by land size, as the most influencing factor of the five livelihood
assets. Financial capital, designated by collateral, and physical capital, designated by road access, are
the second and third most important aspects influencing land use decisions for 63% and 57% of
smallholder farmers. Human capital designated by skilled people in the household and social capital
designated by involvement in social groups were rated to be highly influencing factors by only 39%
and 27% of the smallholder farmers, respectively.

The result reveals that land tenure, representing physical capital, is rated as not having much
influence on household land use decisions (Figure 2). This is due to the perception of the farmers that
having a land certificate for their land means they own their land and it cannot influence them as
long as it is under their ownership. On the other hand, 81% of the respondents believe that project
involvement is the most influencing exogenous factor regarding household land use decisions.
Figure 2 presents the influence level of the five livelihood assets and the exogenous factors on land
use decisions by the sampled households.

Project involvement has a very high influence on land allocation by smallholder farmers in the
area. The FGD confirms that the implementation of FLR options by different stakeholders in the
landscape has a high tendency to engage farmers in the restoration activities and allocate part of
their land for woodlot plantation as part of a project initiative in addition to a personal decision to
gain economic profit and supply their wood demand. It is also confirmed that policies and regula-
tions imposed by the government play a significant role in influencing the land use decisions of
farmers. Specifically, regulations related to land use practices based on the slope of the area tend to
influence their decision. Furthermore, direct government monitoring and pushes to plant trees on
farmers’ land are confirmed to highly influence the land use decisions of farmers.
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Figure 2. Level of influence of livelihood assets and exogenous factors on land use decision of the household (source: own
calculations, n = 228).

3.2. Land use decisions and transformations by farmer type

Decision making of the selected four land use systems (cropland, agroforestry, woodlot and grazing
land) is different among different farmers’ type expressed by their behaviour of change orientation.
About 51% of the households in the case study area are survivalist, 23% subsistence-oriented, and
26% market-oriented. The ANOVA results (details on supplementary, S3) show a higher variation
among the different land use decision-makers when it comes to land allocation for crops and
grazing. Similarly, land allocation for agroforestry practice shows substantial variation among the
decision makers; survivalist and subsistence-oriented, or market-oriented. However, land allocation
for woodlot has no substantial variation among the land use decision-makers. This indicates that
land allocation for woodlots in the catchment is not limited to a certain type of land use decision-
makers.

Survivalist farmers allocate more land for woodlots in terms of size proportion. However, the
average land size allocated for woodlots by subsistence-oriented and market-oriented farmers is
higher than that of survivalists. Land allocation for agroforestry by the different categories of
smallholder farmers shows that there is substantial variation between the three types of farmers.
Subsistence-oriented farmers allocate more land for agroforestry, followed by market-oriented and
survivalist groups. Land allocation for cropland highly differ among the different household groups.
On average, more land is allocated for crops by market-oriented farmers, followed by survivalist
farmers. Market-oriented farmers allocate on average 2 ha of land for crop production while sub-
sistence-oriented and survivalist farmers allocate an average of 0.4 and 1.1 ha respectively. The result
is highly associated with the reasons for land allocation for the different land uses. The result of
ANOVA showing allocation of land to the four land uses by farmer type; survivalist, subsistence-
oriented and market-oriented farmers is presented using a boxplot in Figure 3.
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Figure 3. Distribution of land use practices according to smallholder farmers group (n = 228).

Land use allocation for grazing shows a substantial variation across the different farmer cate-
gories. Market-oriented farmers tend to allocate more land for grazing than survivalist or subsis-
tence-oriented farmers. Despite the fact that land allocation for grazing is small, as compared to the
other land uses, the variation among the different household categories is a result of livestock
ownership.

Market-oriented farmers allocate more land for cropland than other land use practices targeting
yearly based economic revenue whereas subsistence-oriented farmers distribute the land size fairly
to the four land use practices. While the average land size dedicated to woodlots by survivalist
farmers is smaller when compared to market-oriented and subsistence-oriented farmers, it is intri-
guing to note that survivalist farmers have more land allocated for woodlot plantations than market-
oriented and subsistence-oriented farmers. This implies that the benefit associated with land use
practices, high-value crops or trees, are driving factors for market-oriented and subsistence-oriented
farmers to transform their land use practices.

3.3. Ability and objectives of smallholder farmers in decision-making of FLR options

The results from the logistic regression model are presented with an odds ratio of explaining variable
to estimate the adoption of the two FLR options, woodlot and agroforestry practice by smallholder
farmers at the 95% Confidence Interval (Cl) (see Table 3). The result shows that the location of the
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Table 3. Odds ratio of logistic regression model to predict woodlot and agroforestry practices.

Land use

(FLR options) Predictor Estimate Std. Error Odds Ratio 95% Cl (OR)

Woodlot Intercept -1.47 0.925 0.23 [0.0363, 0.970]
Location 0.766 0.172 2.15 [1.54, 3.04]
Age —0.00354 0.0156 0.996 [0.966, 1.03]
Gender 0.218 0.463 1.24 [0.503, 2.99]
Education 0.147 0.145 1.16 [0.873, 1.55]
TLU —-0.0333 0.0534 0.967 [0.867, 1.07]
Landholding 0.304 0.115 1.36 [1.09, 1.70]

Agroforestry Intercept 0.231 1.69 1.26 [0.046, 34.58]
Location 2.98 0.728 19.7 [4.73, 82.01]
Age 0.0288 0.0264 1.03 [0.978, 1.08]
Gender -1.95 1.1 0.142 [0.015,1.18]
Education -0.0116 0.237 0.988 [0.621, 1.57]
TLU 0.139 0.0857 1.15 [0.971, 1.36]
Landholding 0.333 0.25 1.39 [0.855, 2.28]

smallholder farmer is an important factor in predicting the odds of adopting woodlot and agrofor-
estry practices. Being in the highland increases the likelihood of adopting woodlot by 2.15 times as
compared to being located in the lowland. Similarly, being located in the highlands increases the
adoption of agroforestry practices by almost 20-fold as compared to being located in the lowlands.
The high odds of ratio for location underscores its crucial role in the adoption of agroforestry in the
study area.

Age and education of the household head are the minor variables to predict the adoption of
woodlot and agroforestry. A household headed by a male has a slight increase in odds of adopting
woodlot practice whereby it is associated with reducing the agroforestry practice by 86%. For each
additional livestock expressed as TLU, there is a 15% increase in the odds of adopting agroforestry
practice and this is associated with a slight reduction in the odds of practising woodlot. Similarly,
each additional unit of land holding will increase the odds of adopting agroforestry practices and
woodlot by 39% and 36% respectively. Thereby, larger land holdings are associated with higher odds
of agroforestry practice and woodlot adoption. Table 3 summarizes the result of the odds of land
allocation for woodlots and agroforestry practices based on the location of the farm, farmers’
characteristics and their endowments.

In addition to the land use practice that implicates FLR option in the area, we investigated which
factors trigger farmers to transform their land use. It is found that 45% of the surveyed households
have transformed their land use from one to the other in the last five years. Figure 4 presents the
contributing factors of land use decision-making by these specific smallholder farmers. Economic
factors, denoted as a direct economic benefit that the household gains from specific land use
practices, act as a major pull factor toward changing land use practices of smallholder farmers.
The economic factor was the biggest contributing factor in land use transformation from cropland to
woodlot whereby soil fertility loss also contributes its part in this land use conversion. Thereby, the
objective of the smallholder farmer to maximize economic benefit coupled with a decline in soil
fertility contributes highly in the conversation of cropland to woodlot, which has a high implication
on the practice of FLR options. Figure 4 shows the magnitude of factors underlying land use
transformation. Institutional factors, such as policies related to slope-based farming restrictions
have contributed to land use transformation, especially in the conversion of cropland to woodlot
and grazing land. Furthermore, the involvement of households in FLR projects in the area contrib-
uted to the land use change decision from cropland to woodlot.

The specific land use decision factors have a varied influence on land use transformations for
different households. Surprisingly, the study reveals that there is no land use transformation from
other land uses toward agroforestry practice. This is because most of the agroforestry practices in the
study area are inherited land use practices and there is no new agroforestry farm practice setup.
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Figure 4. Relationship between the decision factors behind land use transformation. Note: The circle size indicates the level of
contribution towards land use transformation; the grey area represents the frequency of occurrence within the surveyed
households (n = 102).

However, the transformation from agroforestry to cropland due to intended economic benefit and
better soil fertility that can increase productivity is. Figure 2 shows the magnitude of the contributing
land use decision factors toward land use transformation.

4. Discussion

Land size is the major influencing natural capital on land use decisions. Farmers indicated that they
will only dedicate land for woodlot if they have sufficient land for crop production. The result form
the survey show that farmers are influenced by financial capital in their land use decision. This has
been recorded using if the land use decision is influenced if for example if trees are considered as
collateral in household financial asset. It is noteworthy that 63% of the farmers consider this
livelihood asset as a highly influential factor. Smallholder farmers would transform their land use
from other land uses to woodlot even more than the current transformation if the government and
other credit organizations recognized trees as financial assets. This implies that land allocation for
woodlot plantations is constrained by the fact that trees are not considered collateral in Ethiopia.
Similarly, other studies claim that trees are not considered, in financial terms, to be transactional
assets (Starfinger et al.,, 2023). Tree collateral is rare in Africa, but there are many examples of it in
Asian countries like China and Thailand (Starfinger, 2021; Starfinger et al., 2023). Financial assets,
represented by collateral, are important decision factors to be considered in land use transformation,
especially in applying FLR initiatives among smallholder farmers.

From the physical capital, road infrastructure is considered to be a livelihood asset influencing
the motivation of smallholder farmers’ land use decisions especially in establishing woodlots.
Similarly, studies point out that distance to roads and road infrastructures are factors influencing
land use decisions toward woodlot plantations in Ethiopia (Mulu et al., 2022; Negussie, 2004).
Human capital, represented by skilled people in the household, was also among the influencing
factors of household land use decisions, which is in line with Prokopy et al. (2019) which
confirms, that individuals with formal education are better at using their human capital to
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minimize costs and increase the benefits associated with conservation. The study findings
indicate that participation in various social groups has a high influence on household land use
decisions. Farmers explain that social norms and bonds within the community are well estab-
lished, which can facilitate increased information exchange that potentially influences each other
in land use decisions. Similarly, Stedman (2012) confirms that social and institutional structures
can constrain or facilitate access to information and resources, thus shaping patterns of indivi-
dual behaviour and social change.

Generally, all household categories tend to allocate land for all types of land uses. However,
survivalist farmers have less land allocated for woodlots than for crops. This is due to their reduced
motivations to change land uses from cropland to other land uses as their main objective is to feed
their household. In most parts of Ethiopia, smallholder farmers are survivalist and subsistence-
oriented, farming to secure food for household consumption with a major objective of satisfying
household demand and, if possible, then supply the market. Market-oriented smallholder farmers are
quite small in number as land ownership is not big enough to produce for a market with a profit-
oriented attitude.

The results show that subsistence-oriented farmers who have changed their land use do so due to
environmental, social, and, to some extent, economic factors. Subsistence-oriented farmers show
better motivation to change land uses and they are open to trying different land use systems as they
aim to market supply to a certain extent. The results reveal that, of the four selected land use
systems, three land use practices; cropland, grazing, and agroforestry show extensive variation
among the different categories of farmers. This is in line with (Bakker & van Doorn, 2009), which
finds that different farmer types appear to have different preferences for land use and tend to make
different land use changes. Farmers note that they allocate land for agroforestry to fulfil household
food consumption and also to gain economic profit, especially from integrated perennial crops like
coffee and the Cordia africana tree. Subsistence-oriented farmers are identified as those who are in
transition to the market-oriented with an attitude of change (Malek et al., 2019). Thereby, there is
a high likelihood of land use transformation from cropland to woodlot plantation seeking better
economic profit in the area.

The land allocation for FLR options expressed as woodlot plantation and agroforestry were
related to the location of the farm household within the catchment. The result is in line with
Malek et al. (2019), who concludes that land use changes are associated with environmental drivers
or biophysical factors. As we move from the lower catchment to the upper catchment, the tendency
to practice both FLR options is increasing. However this result does not mean that the two land use
systems are non-existence in the lower catchment, they are less practised as compared to the upper
catchment. The result is more related to the objective of the land use practice in the lower catchment
is economic benefit as the environmental factor of decline in soil fertility is less of an issue in the
lower catchment.

Land allocation for woodlot and agroforestry has been influenced by different factors. The results
from the logistic regression highlight the importance of location of the farmers within the catchment
in predicting the adoption of woodlot and agroforestry practices among smallholder farmers. The
reduced woodlot practice in the midland catchment is due to high-value crops like teff and mung
bean suited for the agroecological conditions, making the farmers lean toward crop production
compared to the highland and lower catchment areas. Furthermore, the lower catchment is nour-
ished by the potential irrigation-based banana and papaya plantation and cotton farming, which suit
the agroecological zone of that altitude and temperature.

The odds of ratio explaining gender do not have a substantial influence on the odds of allocating
land for woodlot and agroforestry practice. However, during the FGD, that female-headed house-
holds, where male members of the households are not capable of farming, are forced to change the
land use from cropland to woodlot and agroforestry, both being less labour-intensive than crop
production. Farmer’s characteristic expressed by their age, gender and education as well as endow-
ment’s expressed with the livestock holdings do not influence the adoption of these FLR options.
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This suggests that FLR interventions aimed at promoting woodlot and agroforestry practices may
need to consider geographical factors and land availability to be more effective.

Land size owned by the household shows a considerable relationship with whether the farmer
would potentially allocate land for woodlot plantation or not. Households who own more land have
much more ability to allocate land to woodlot. Similarly, studies point out that farmers with more
land anticipate long-term profit than those who are constrained in terms of food production: those
who must meet immediate household needs (Mulu et al., 2022; Negussie, 2004; Nigussie et al., 2017).
The results from the FGD show that smallholder farmers allocate land for woodlot after securing land
to produce crops, as well as spare land for grazing and agroforestry. This shows that allocating land
for woodlots should not compete with their primary source of food production, which is cropland.

However, land allocation for agroforestry was not influenced by the land holding of the farmer.
During FGD, it has been mentioned that households prefer to keep the land use practices that are
inherited and deemed of cultural value like the homestead agroforestry practice. As a result, there
was no transformation to and from agroforestry practice was observed within the specified period.
The results from this study reveal that the amount of livestock owned by the household influences
land allocation for agroforestry practices. This result is attributed to the fact that some of the
products from the agroforestry practice like the enset leaf can used as livestock feed. A study in
southern Ethiopia finds that enset leaf from homestead agroforestry is the main source of livestock
feed (Eshetu et al,, 2018). A study conducted in northern Ethiopia also confirms agroforestry systems
are a source of livestock feed, especially during the dry season (Zeratsion et al., 2023).

Even though the result does not show a considerable influence of the education level of the
household head on the tendency to allocate land for woodlot plantations and agroforestry practices,
a study by Briassoulis (2009) shows education, employment, attitudes toward change, and values are
mentioned as factors influencing the choice of a household to change land use. It is also known that
conservation decisions on private land are typically made by individuals who hold different assets,
experiences, attitudes, and values (Epanchin-Niell et al., 2022). The study results depict that 55% of
the households living in the catchment did not transform their land use between the specified
periods of the study, 2018-2022. However, households may have altered their land use prior to the
study period.

For the land use transformations that occurred in the past five years, the household ability to
allocate land and other resources for certain land use practice and their objective, like attaining
economic profit were the major factors for the change. This research depicts that economic drivers
are the most important factor in land use transformation, especially in transforming from cropland to
woodlot plantation. Similarly, studies find that the economic factor is the most important factor for
land use decision-making (Groeneveld et al., 2017). Studies in northern Ethiopia reveal that farmers
converted land that is suitable for crop production to eucalyptus plantations to achieve higher
financial returns (Matthies & Karimov, 2014; Mulu et al., 2022). However, the study also confirms that
some households reverted land use from woodlot plantation to cropland claiming economic factors,
just in reverse: there is a longer waiting period for harvesting woodlot than for the annual harvest of
croplands. This synthesis reflects that economic objectives and financial ability are important factors
in the decision-making process of land use transformation. However, environmental factors like soil
fertility loss play an important role in land use conversions from cropland to woodlot plantations.

According to this study, the environmental factor, expressed as the soil fertility level is the second
influencing variable to transform the land use after attaining economic profit, especially from
cropland to woodlot and grazing land due to a loss of soil fertility and associated loss in crop
productivity. This implies that the influence of environmental factors on land use decisions is not
negligible. Similarly, a study conducted in Northern Ethiopia shows that the conversion of cropland
to eucalyptus woodlot plantation is expanding on degraded land where soil erosion is problematic
(Matthies & Karimov, 2014).

The study result shows that the available labour within the household and the required labour
for the land use practice implies the land use transformation. According to the FGD, female-
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headed households are influenced to transform their land use from cropland to woodlot or
grazing land due to intensive labour requirements for crop production. The institutional factor
expressed as land use-related policies is influencing the land use transformation to a certain
extent, especially in the conversion of cropland to woodlot and grazing land. The rural land
proclamation, which came into force in 2005 can affect land use decisions of smallholder farmers
through regulation of slope-based farming practices. Policies and regulations imposed especially
the restriction of conditional farming on slopes greater than 30% and strictly forbidden farming
on lands above 60% slopes highly influence the decision of farmers. However, instead of
restricting sloppy lands from cropping, land use options such as agroforestry and plantation
should be explicitly indicated to restore degraded landscapes and achieve the FLR target of the
country.

5. Conclusion

This study investigated the driving factors and reasons for the land use transformation of the
Lake Chamo catchment in southern Ethiopia. Individual land decisions by smallholder farmers
cumulatively impact land use transformations at the landscape level. Ultimately, the land use
decisions of smallholder farmers are impacted by the resource endowments, the gender of the
household head and the location of the farm within the catchment. The current land use
transformation toward plantation by smallholder farmers has higher implications for the FLR of
Lake Chamo catchment for achieving the FLR goal of the country at large. Even though the
abilities of smallholder farmers in land use decisions and transformation are similar, the attitude
and objectives of the farmers lead to diverse land use systems at the farm level, which has
a cumulative impact on landscape transformation. Government pushes and development pro-
jects in the landscape influence the ability, motivation, and attitude of the farmers to adopt
woodlot plantations, thus triggering change.

The study reveals that the direct economic contribution of plantation is replacing crop production
on sloppy land where soil fertility has deteriorated. This contributes positively to agroforestry and
plantation practices on smallholder farmers’ land. FLR implementers, especially the government,
often miss the economic factor when selecting tree species, which is the major decision factor for
smallholder farmers. Therefore, the implementation of FLR in the study area and elsewhere in similar
landscapes, where smallholder farmers are targeted to be involved, should highly consider promot-
ing economically rewarding tree species. Furthermore, tree species that can be intercropped, such as
fruit trees that can contribute directly to the food consumption of households should be given
priority when approaching survivalist farmers to engage in FLR.

As the biophysical factors related to the catchment location and slope are important, further
research must be conducted on how land use can be better optimized to fulfil the feasible economic
revenue maximization of smallholder farmers while keeping the landscape environmentally viable
and socially sound. Furthermore, land use is influenced by different stakeholders engaged in the
landscape with varying intentions of implementing FLR. Therefore, a comprehensive land use
decision tool that can be used in land use planning is vital.
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