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Abstract

Poor households are more likely less resilient under climate change, risks of productive assets, social-related
shocks, and decline of land productivity. The ability to deal with household resilience against poverty under the
uncertain condition of risk is limited in the highlands of Ethiopia. The study aims to identify determinants of
household resilience to livelihood insecurity under the crop-livestock mixed farming systems in Goncha district,
Northwest highlands of Ethiopia. Primary data were collected by conducting face-to-face interviews among 280
households using structured questionnaire. Descriptive statistics, Kruskal-Wallis test and structural equation
modeling were used to analyse the data. The results disclosed that sustainable management of the farming
systems, cultivation of more fertile farmland, saving performance, diversification of income-earning activities,
intensification of livestock husbandry practices, access to irrigation, and familiarity with practical technologies
were found to be significant determinants at p<0.001 to household resilience of smallholder farmers. Social
network development and tree plantation were explained household resilience to livelihood insecurity at P<0.01
and P<0.1 significant levels, respectively. The study concluded that scaling up sustainable management of the
farming system and practical technologies, enhancing saving behavior, promoting income diversification, and
intensifying agroforestry are significant for household resilience to livelihood insecurity of smallholders across
agro-ecologies.

Keywords: Mixed farming; Household resilience; livelihood insecurity; Diversification; structural equation
model

1. Introduction

Over the past fifty years anthropogenic activities changed world ecosystems more extensively and accelerating
land degradation than at any other time in history [80]. Land degradation is one of the biggest contributors to
climate change attributable to emission of soil carbon and nitrous oxide into atmosphere. It contributes to reduce
the effectiveness of adaptation options and increase the vulnerability of agroecological systems to climate
change [97]. Land degradation threatens the livelihood of millions of subsistence farmers in developing
countries [89]. This situation is more prevalent in Sub-Saharan Africa (SSA) where rapid growing human
populations are mainly dependent on natural resources (soil, water and vegetation) and confronted by rain-fed
agriculture [77]. Rain-fed agricultural activities are confronted with yield, market, institutional, assets and
financial risks livelihoods [25]. In Sub-Saharan Africa, livelihoods vulnerability of smallholder households
remains at high level due to innovative investments not targeted on the adaptation of land degradation and
climate variability induced uncertain production [29]. Severe soil degradation and declined land productivity
impact negatively on the local communities’ foods security and resilience to climate variability in many parts of
Eastern Africa [53, 58].

Natural resources-based livelihoods through the crop-livestock mixed farming system are highly susceptible to
the effects of common disturbance shocks and risks, such as land degradation, climate variability, and drought
[86, 25, 76, 43, 81]. The accelerated rate of land degradation seriously affects soil productivity, threatens
livelihood options and food security of subsistence farmers, and worsens poverty in Ethiopia's highlands [54].
Moreover, institutional risks due to weak policies and regulations affect farmers' adaptive capacity and
resilience through increasing vulnerability [25, 43]. To remedy this, efforts need to be made to improve land
productivity through relevant agro-ecological-based management programs that could go a long way in the
sustainable use of natural resources with household resilience for livelihood security.

Household resilience is the ability to deal with shocks, improve adaptive capacity, and secure sufficient food [9,
27, 87, 21]. It is the capacity to prevent households from falling below the acceptable level of food security,
poverty, and wellbeing despite high competence under the uncertain condition of risk [29, 9, 17, 28, 87].
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Building household resilience requires an integrated approach. Household resilience against poverty and food
insecurity depends on the interface between risks, assets, and socio-institutional context [87]. It is characterized
as greater income and asset development through diverse sources with innovative self-organization mechanisms
[27,87,96]. Integrating management of land and water resources, developing a more varied asset base, engaging
in farm diversification, practicing risk-tolerant varieties, augmenting people's adaptive capacity, and
participation in formal and informal social safety nets are major strategies that contribute to household resilience
[27, 95]. Improved human capital, participation in diverse social networks, access to information, and openness
to sustainable agriculture, value-added practices, and technological innovation are also principal factors for
achieving resilience at the household level [43]. Across diverse livelihood zones of Ethiopia, numerous studies
conducted on livelihood vulnerability to climate change induced hazards [34, 2, 11, 61, 65] and household
resilience to food insecurity [92, 56, 1]. Household resilience to food insecurity implies that the ability of
household to maintain a certain level of food security when faced with agricultural drought and other shocks
[71]. It can be determined by institutional, social, economic, and natural enabling conditions [80, 20].

Food security is one major subset of livelihood security. Livelihood security is the ability of a household to have
adequate and sustainable access to income and resources to meet basic needs, including adequate food, health,
shelter, income, basic education, personal safety and community participation [45]. Livelihood insecurity is the
contributing cause to poverty [36]. Poor farm households are more vulnerable to livelihood insecurity under
climate change, the risks of productive assets, social-related shocks, and the decline of land productivity in
northwest highlands of Ethiopia. The ability to deal with household resilience levels against poverty under the
uncertain condition of risks is limited in the highlands of Ethiopia. Therefore, this study aims to determine
factors affecting household resilience to livelihood insecurity under the crop-livestock mixed farming systems in
Goncha district, Northwest highlands of Ethiopia.

2. Materials and Methods
2.1. Location

This study was conducted in the Goncha district of Amhara Region, Northwest Ethiopia. The district lies
between 10°46'14.45"N _11°9'30.37"N latitude and 38°0'11.669"E _38°23'43.514"E longitude (Figure 1).
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Figure 1. Map of the study area

2.2. Farming system

The study district is characterized by diverse topography with major landforms. The landforms include gently
sloping to slightly dissected plain and rugged plateau. The climatic condition is largely characterized by sub-
humid type. Three agro-ecological zones, such as cool-moist highlands, tepid-moist mid-highland, and warm-
moist lowland, are equivalent to the Ethiopian traditional agro-ecological zones of dega, woina-dega, and kola,
respectively are evident. Primitive and subsistence agriculture under crop-livestock mixed farming systems are
the predominant livelihood system in all the agro-ecological zones, found with elevation ranges 1295 to 3488
masl. Lands and livestock are the most important natural assets to the community. Communal resources, such as
forests, shrublands, wetlands, and grasslands are usually managed by the local community and administration
unit. The hilly and steep slope communal lands of the watershed are highly threatened by vegetation degradation
and dissected by gullies due to uncontrolled overgrazing and deforestation with weak institutional arrangements.
Cropland and settlement units are the largest land-use systems that are privately owned and managed by a
farmer. Conventional tilling through a hand press with ox-pulling traditional technique is the most common
form of crop productions. In the dega agro-ecological zone (above 2800 meters elevation of cool-moist
highlands) barley (Hordeum vulgare) & potato (Solanum tuberosum) are chiefly produced. Degradation and soil
acidity are more serious problems in the hills. In the woina-dega agro-ecological zone, tef (Eragrostis tef),
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barley (Hordeum vulgare), wheat (Triticum Vulgare), and, horse beans (Vicia Faba), and others are grown. Tef
(Eragrostis tef), and wheat (Triticum Vulgare) are predominantly grown crops among others. In the kola agro-
ecological zone sorghum is largely produced. Agricultural production is suffering from erratic rains and severe
ecological degradation. Local labor and firewood/charcoal/ sales are alternative means of income for farmers to
meet their food needs. Cattle, sheep, goat, donkey, and horse are reared under the cut-and-carry and open-
grazing systems.

2.3. Conceptual framework

A livelihood comprises the capabilities, assets and activities required for a means of living, while not
undermining the natural resource base [82]. Livelihood strategies depend upon access and availability to natural,
physical, human, financial and social assets. Crop-livestock mixed farming is the principal livelihood strategy of
smallholder farmers in the highlands of Ethiopia. It is sensitive to common disturbance shocks and risks, such as
drought, climate variability, soil degradation and social related risks [72, 81]. The ability to quickly and
effectively respond (adaptive capacity) to changing environmental conditions, such as land degradation, climate
variability and drought is core factor in achieving livelihood resilience at household level [43]. Livelihood
resilience is characterized by actors’ assets and strategies to maintain and increase assets; learn and self-organize
[87]. It is the ability of household to avoid poverty overtime [17] or to manage change by maintaining or
transforming living standards [37] in the face of shocks or stresses without compromising their long-term
prospects. Building livelihood resilience requires an integrated approach and long-term commitment to improve
absorptive capacity with persistence outcome, adaptive capacity at incremental adjustment, and escaping
chronic poverty through improved governance and enabling conditions [20]. For this study, livelihood resilience
is the households’ ability to maintain livelihood security in the face climate uncertainty and related shocks and
risks without compromising long-term prospects. It is being able to pursue safe and sustainable strategies to
secure enough food, health, nutrition, income, education, and shelter without suffering periodic shortage for
long-term [27, 87].

Disturbance and risks of smallholder farmers (drought, climate variability, soil degradation
population pressure, social related shocks)
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Figure 2. The framework of four latent variables and nineteen observed variables of household resilience
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Adaptive capacity, access to basic services, asset possession, and social safety nets are fundamental
factors/variables of household resilience [42]. Based on the literatures, four latent variables of resilience, and
nineteen indicators or observed variables were incorporated in the framework through considering the local
condition (Figure 2). The framework provides the degree of resilience-building variation from one household to
another household. The variation of household resilience to livelihood insecurity can be determined by diverse
factors and indicators. The factors include access to basic services, adaptive capacity, assets possession and
social safety net. Access to basic services factor contains diverse indicators, including access to water, access to
saving institutions, access to schooling, access to health extension, and access to market & transport, access to
irrigation practice. Assets possession and availability is an important coping mechanism during periods of
hardship [7]. Assets possession factor comprises precautionary saving behaviour, intensified livestock farming,
tree plantation, and cultivated adequate fertile croplands. Adaptive capacity depicts a household’s capacity to
cope with and adapt to a certain shocks and risks. It is measured incorporating indicators, such as knowledge of
risk and ability to respond, educational level, labour productivity, sustainable management of farming systems,
familiarity with practical and adaptable technologies, and diversification of income activities. Besides, couple
understanding and honesty on decision and management, social network development and formal safety net
program participation are indicators to measure social safety net factor.

2.4. Sampling

Goncha district was selected purposively as a typical area of crop-livestock mixed farming system under diverse
agroecologies, northwest highlands of Ethiopia. Four Kebeles (small administrative units), namely Gete-
Semanen from woina-dega agroecology, Enezeba from dega agroecology, and Angot and Abarwuha-Tayit from
kola agroecology zone were selected randomly. By considering the desired confidence level (1-a), degrees of
variability from the mean (%), the desired precision (d), and design effect (DE) were considered to determine
the sample size from the selected Kebeles. Hence, the sample size (n) was determined by using the formula [85,
26]:

n= (Z%d/z)z x 0% X Def f (1)

By considering the 90% confidence interval (za/2=1.64), 5% margin of error, estimated design effect of 1.105,
and variance of household resilience index of 0.941 from a pilot study, the sample size was determined at 280
household heads. The household heads were identified using a systematic sampling technique from different
agroecologies, including woina-dega, dega, and kola. Lists of respondents’ clusters were obtained from Kebele
development agent (KDA) offices.

2.5. Data collection method

A household survey was undertaken using pre-arranged and structured guiding tools. Face-to-face interviews
were conducted among all the sampled farmers. The enumerators with close supervision of the researchers were
responsible to carry out the interview. In the use of survey weights, the informants assigned the ranks for each
indicator according to the perceived relative importance to their household resilience. Ranks were assigned
according to the following five Likert scale points, such as 1= very low importance, 2=low importance,
3=moderate importance, 4=high importance, and 5= very high importance [88]. Informants assigned the actual
scores to each indicator performance in line with the perceived desire condition of household resilience. The
scoring was assigned as 1=very weak, 2=poor, 3=acceptable or average, 4=very favorable, and 5= outstanding.

2.6. Methods of analysis

Weighted score method was used to identify the relative importance of indicator for household resilience to
livelihood insecurity. The relative weight of each indicator was calculated by dividing its weight by the total of
all weights of the indicators under the latent variable [9].

wi

Wi= @)

, Where: Wi is the relative weight of each indicator, ‘wi’ is the weight of each indicator, and ‘Xwi’ is the total of
all weights of the indicators under the latent variable.

The performance score of pillar “Pi” can be calculated using the equations of the weighted score method [67;
78].

n
pi = Z WiX; 3)
=i
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, Where: under the “Pi”= is the weighted score of 'i’ pillar; wi= the relative weight of indicator ‘i’ estimated from
equation one; xi=actual score of the indicator 'i'.

The principal component analysis (PCA) was conducted to construct the household resilience index (HRI). The
household resilience index (HRI) was calculated using the following equation [75].

HRI = @ 4)

, Where ‘HRI” is an individual household resilience to livelihood insecurity; ‘Pj’ is the weighted score of Y’
pillar; ‘n’ is the number of pillars or latent variables, and ‘hi is the individual household.

A structural equation model (SEM) was used to identify factors determining household resilience to livelihood
insecurity. It denotes the general relationships among multiple theoretical constructs represented by the latent
variables [51, 41]. The model is a powerful technique increasingly used in scientific investigation to test
multivariate causal relationships and differs from other modeling as it tests the direct and indirect effects on pre-
assumed causal relationships [41]. It applies a confirmatory factor analysis to measure latent constructs via
observed variables. Confirmatory factor analysis could reduce the data dimensions, standardize the scale of
multiple indicators and account for the correlations inherent in the dataset. Latent variable is derived common
factor of observed variables based on the correlation variations of datasets (association or causal relationship).
The model was calculated using the following equation.

HRI = f(ABS, AC, AP, SSN) ®)

Where; ABS - access to basic services, AC - implies adaptive capacity; AP-asset possession; and SSN- social
safety net.

Kruskal-Wallis H test was used to test the significant difference of household resilience to livelihood insecurity
across agro-ecologies. The overall statistical analysis was done using the Stata version-14 statistical software.

3. Results and Discussions

3.1. Socioeconomic Characteristics of the Respondents

Table-1 portrays basic description of socioeconomic characteristics of the respondents. The respondents were
composed from 81.43% of male and 18.57% of female-head households. The male-headed households were
more effective in agricultural productivity than female-headed households due to lower capacity of assets
accumulation [48]. Female headed households are less resilient than male-headed because of low adaptive
capacity, lack of assets and more vulnerability [22, 61]. Farming experience and age are continuous variables
considering in the study. The average age of the respondents was 44.27 years. When farmers age increase, their
experience in the farming activities is expected to increase. The average farming experience of the household
was 25.44 years. Farming experience is one of the important human capitals for livelihood security of rural farm
households.

In the study area, family size, productive household size, educational level, agroecology, wealth status, and land
ownership status are important factors for the sustainable farming system of the rural household. From the total,
47.14% of households had read and write education status, while 9.29% farm household educated at secondary
and above grade level. More educational status of the household head positively and significantly affects
household food and livelihood security [68]. Education level could be correlated to the wealth status of the
household. Of the total, about 69.29% of the farmers had perceived to be under poor wealth status, whereas
7.14% were categorized in rich class. Land holding size is the most important indicators for wealth status
categories of the local farmers. From the total, 54.43% of the farmers are cultivated both owned and rented
farmland, and 42.14% household cultivated owned farmlands. Labor is one of the human capitals for livelihood
development of the farm household. The majority respondents (54.29%) composed from 3 to 4 productive labor
sizes. Productive labour size strongly correlated to more income and livelihood development at household level
[61, 68]. In association with this, of the total about 53.57% respondents composed from 5 to 6 family members.
The average family size in Ethiopia is 4.5.
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Table 1. Socio-economic characteristics of the respondents (n = 280)

Variable Category Percentage (%) Mean St. dev
Age - - 44.27 9.23
Farming experience (Years) - - 25.44 9.35
Gender Male 81.43

Female 18.57
Education status Iliterate 22.14

Read and write 47.14

Primary 21.43

Secondary and above 9.29
Family size 2-4 27.86

5-6 53.57

7 and more 18.57
Productive household size 1-2 36.43

3-4 54.29

5 and more 9.29
Wealth status Poor 69.29

Moderate 23.57

Rich 7.14
Land ownership status Self-Owned 42.14

Rented 3.43

Both 54.43

3.2. Farmers' perception on the relative weight of indicators for household resilience capacity

For this study, adaptive capacity is the household's ability to adapt to climate change, risks of productive assets,
social-related shocks, and decline of productivity as a result of severe land degradation. Results in Figure (3)
indicate that adaptive capacity was the first contributing factor to household resilience for livelihood security.
The average value of adaptive capacity was increased by 0.15 when compared to the average value of the
resilience capacity index (2.88). Adaptive capacity can be developed through enabling institutional arrangement.
Table 2 discloses that from adaptive capacity indicators, farmer knowledge and ability to respond to the risk was
the first perceived importance (RW=0.182) for household resilience capacity of smallholder farmers. More
understanding of risks nature, indigenous knowledge to the environment, and able to learn from productive
technologies could be the most important to cope-up with shocks and household insecurity. The weighted score
results reveal that sustainable management of the farming system (0.584), and farmers' knowledge and ability to
respond to the risk (0.557) were the first and second perceived important factors, respectively for household

resilience to livelihood insecurity (Table 2).

3.03
= Average values

2.88
] I

Access to basic Adaptive Assets Social SafetyNet  Resilience
services capacity capacity score

Figure 3. The average score of pillars, and resilience capacity of household (n=280)

Results in Figure (3) indicate that asset ownership was the second contributing factor to household resilience.
The average value of asset possession was increased by 0.1 when compared to the average value of the
resilience capacity index. From asset possession indicators, precautionary saving performance (RW= 0.267 &
WS=0.863) was the most perceived important indicator to household resilience capacity (Table 2). It scored the
highest average value for household resilience when compared to other indicators of asset possession factor. The
better saving performance could result in more diversified income activities, and then higher income during the
post-shock recovering phase [35]. An intensified livestock farming (RW= 0.246 & WS= 0.74) was the second
important indicator and had scored more average value to contribute to high household resilience capacity.
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Pillars Indicators Mean values
RW AS(SD) WS
Access to  Access to water (AW) 0.154 2.69(0.96) 0.425
basic Access to saving institution (ASI ) 0.14 2.6(0.83) 0.369
Services  School access (SA) 0.148 2.78(0.83) 0.413
(ABS) Access to health extension (AHE ) 0.146 2.62(0.86) 0.384
Access to market & transport (AMT) 0.202 2.46(0.87) 0.497
Access to the irriation practice (AIP) 0.21 2.92(1.25) 0.6
Adaptive  Knowledge and ability to respond to risk (KRisk) 0.182 3.04(1.02) 0.557
capacity  Educational level (EDUC) 0.172 2.78(0.88 0.475
(AC) Labor productivity (LP) 0.157 2.88(0.81) 0.456
Sustainable management of the farming system (SMFS) 0.171 3.16(1.21) 0.584
Familiar with practical technologies (FPAT) 0.173 3.38(1.2) 0.552
Diversification of income activities (DIA) 0.145 2.79(0.86) 0.402
Asses Precautionary saving behavior (PSB) 0.267 3.11(1.43) 0.863
possessio  Intensified livestock farming (ILF) 0.246 3.02(1.02) 0.74
n (AP) Tree plantation (TP) 0.245 2.93(1.2) 0.719
Cultivate adequate fertile cropland (CAFL) 0.241 2.68(0.83) 0.655
Social Couple agreement and honesty on decision (CUHDM) 0.378 3.14(1.16) 1.17
safety net  Social network development (SND) 0.363 2.88(1.13) 1.05
(SSN) Safety net program participation (SNPP) 0.259 2.28(0.92) 0.612

Note: AS- Actual score; SD- Standard deviation; RW- Relative weight; and WS- Weighted score.

Table 2 shows that from social safety-net indicators, couple mutual understanding and agreement on decision
making (RW= 0.378 & WS= 1.17) was assigned the first perceived contributing factor to the high capacity of
household resilience. Next to this, social network development (RW= 0.363 & WS= 1.05) was the second
important to the more household resilience capacity of smallholder farmers.

Basic services indicators, including access to irrigation practice (RW=0.21, & WS=0.6), followed by access to
transport and market (RW=0.2, & WS=0.497) were the most perceived important for more household resilience
capacity (Table 2). These services could support smallholder farmers to develop the capacity for generating
income from assets, and to reduce risk exposure [35]. The highest average values of resilience index were
observed for access to irrigation practice when compared to other basic services indicators.

3.3. Livelihood resilience across agro-ecologies

Table 3. Comparison of resilience index across agro-ecologies and extension package (n=280)

Variable Categories Rank sum chi-squared P-value
Kola 7098

Agroecologies Woina-dega 19539 18.04 <0.001
Dega 12144

The household resilience index differed across agro-ecologies (Table 3). Resilient households were significantly
higher at P<0.001 in woina-dega and dega than kola. Kola agroecology is the most vulnerable area to livelihood
insecurity because of severe land degradation, climate variability, and drought. The lowland or kola
agroecological zone was more susceptible to climate variability and change due to lack of access to basic
services, low level of diversification of income activities, and lack of available technologies [34, 61]. Weak
social networks, severe land degradation, and low assets possession in the kola agroecology result in the highest
exposure and sensitivity, the lowest adaptive capacity and the most susceptible livelihood as compared to other
agroecologies [93, 61]. In the lowland agroecology erratic rainfall and high temperature during growing season,
and invasive crop pests could result in crop failure and reduction of productivity, indicating more sensitive (61).
The highest prevalence of food insecurity was observed in the kola agroecology compared to other agro-
ecologies [6].
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3.4. Determinants of household resilience to livelihood insecurity

Four components were extracted based on the analysis of the eigenvalues (Table 4). These components explain
79.94% of the total variance. The relative size of the factor loading adaptive capacity, followed by assets
possession had more significant implications on household resilience to livelihood insecurity.

Table 4. Correlation matrix used for Household Resilience Index (HRI)

Variables Initial Extraction component factors correlation with HRI
Basic services(BS) 1.00 0.765 0.875 0.86*
Adaptive capacity(AC) 1.00 0.874 0.935 0.93*
Assets Possession (AP) 1.00 0.821 0.906 0.92*
Social safety net(SSN) 1.00 0.738 0.859 0.87*
Total 3.575

Eigenvalue variances(%)= 79.94
Kaiser-Meyer-Olkin(KMO) measure of sampling adequacy=0.84

Bartlett's test of Sphericity , Chi-Square=816.53, p-value=0.000

Extraction method: principal component analysis

* represents correlation at P<0.001 sianificant level.

Based on the result presented in Table 4, equation (5) is rewritten to estimate HRI:

BS*0.875+ AC*0.935+ AS*0.906+ SSN*0.859 (6)

The measure of the adequacy of the Kaiser-Meyer-Olkin (KMO) sampling is 0.84(above the recommended
value of 0.5); disclosing that the sample is suitable and the variables are relevant for principal components
analysis. Bartlett's test of Sphericity is significant at P<0.001 and chi-square=816.53, indicating that the
variables are strongly correlated to provide a reasonable basis for principal components analysis. Basic services,
adaptive capacity, assets and social safety net were positively correlated and had the significant dimensions of
household resilience to livelihood insecurity (Table 4).

The household resilience index as the dependent variable was regressed using the structural equation model at
the aggregate (Table 5) and disaggregates (Table 6) levels against the explanatory variables. Adaptive capacity,
assets, and basic services pillar had positive and significant (at P< 0.001) influence on household resilience to
livelihood insecurity. The beta coefficient of adaptive capacity (B =0.39), followed by assets possession (j3
=0.26) had the most important dimension and contributed more to determine household resilience to livelihood
insecurity. This implies that the more adaptive capacity and the more assets a household possesses could
significantly contribute to the higher capacity of household resilience for livelihood security. Adaptive capacity
was the most decisive factor responsible for household resilience to food insecurity [38, 57, 19, 40, 48], and
multidimentional poverty reduction [51]. The adaptive capacity in turn depends on the level of assets possessed
at household level [19]. The households that possessed more assets were more resilient to food insecurity [22].

Table 5. Structural equation modeling results (aggregated)

Variables Unstandardized Coefficients Standardized Coefficients VIF
beta SE beta SE

Constant 2.88 0.03 3.81* 0.14

Basic services(BS) 0.18 0.03 0.23* 0.05 1.51

Adaptive capacity(AC) 0.29 0.04 0.39* 0.04 1.69

Assets(AS) 0.2 0.04 0.26* 0.05 1.66

Social safety net(SSN) 0.01 0.03 0.01 0.04 1.13

Note: VIF-variance inflation factor; SE-standard error;
* represents correlation at P<0.001 significant level

The variance inflation factor (VIF) results in Table 5 depicts that there was no multicollinearity problem in the
analysis.

Adaptive capacity

Six indicators measured the adaptive capacity pillar (Table 2). Three adaptive capacity indicators, including
sustainable management of the farming system, diversification of income activities, and familiarity with
practical technologies had a significant influence on household resilience to livelihood insecurity (Table 6).

Sustainable management of the farming systems had a greater likelihood of determining the adaptive capacity
and crop productivity for livelihood security. Safeguarding the long-term productivity of farmland is a
fundamental prerequisite to securing multidimensional agriculture and resilient livelihoods of rural communities
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since agricultural livelihood and land are interdependent [39, 40]. Maximizing the productivity of existing
agricultural land through sustainable management practices is imperative to guarantee food security for the
increasing population [22, 84, 78]. Sustainable management of farming systems commonly integrates
agronomic, physical, and vegetative practices. For example, in the farming system, conservation agriculture
containing straw mulching, minimum tillage, and legume-cereal crop rotation significantly improved crop yield
[78, 98, 46, 70, 101]. Conservation agriculture could be more effective in sustaining high crop yield when it is
supplemented by the combined application of fertilizer and manure or compost [66]. The combination of
conservation agriculture and manure or composting reduces the chemical fertilizer requirement for crop
production [46]. Nutrient use efficiency and water use efficiency are effectively protected in the fields where
terraces are well constructed, stabilized with vegetative practices, properly maintained, and complemented with
appropriate practices of drainage ditches [13, 90, 5, 47, 39]. Planting multipurpose grasses and trees on
unutilized soil bunds for fodder or fuel-wood harvesting (scarce supply in Ethiopia highlands) could offset crop
yield loss owing to the area occupied by bunds [13, 5, 39). Therefore, sustainable management of the farming
system through integrating agronomic, vegetative, and structural practices could contribute to increasing the
productivity of cropland and livestock for more diversification of income activities at the household level.

Diversification of income activities has been determining the adaptive capacity pillar of household resilience. It
is the main viable strategy to achieve the sustainable livelihood of smallholder farmers [15, 57, 16, 70, 66, 40].
Household income, landholding size, exposure to extension contacts, agroecological suitability are related to the
likelihood of diversification of smallholder income activities [64]. Diversification of income activities can be
influenced by the ability to adapt productive technologies.

The ability to adapt productive technologies and skills has determined the development of a more adaptive
capacity to shocks and risks. Familiarity with appropriate practical skills in cropland management, yield
harvesting, livestock grazing, beehive management, plantation practice, and horticultural management
significantly contributes to farmers' household resilience. Farmers' capacity, interest, and adaptability to value-
added practices and new technologies were very essential to the more resilient household [83]. Knowledge and
experience of farmers on recurrent drought and the use of climate-smart technologies like drought-tolerant crop
and livestock varieties positively contribute to building household resilience [159, 63, 43]. An understanding of
how the system responds to change and implementing appropriate adaptation strategies often comes from
experience and local knowledge of past responses to extreme events or stresses [24, 43].

Table 6. Structural equation modeling results (disaggregated)

Component  Variables Unstandardized Coefficients Standardized Coefficients
beta SE beta SE sig.
Basic Access to saving institution 0.11 0.04 0.12 0.15 0.193
services School access 0.05 0.05 0.05 0.05 0.345
Access to health extension 0.08 0.04 0.09 0.05 0.063
Market & transport access 0.13 0.04 0.019 0.12 0.102
Irrigation access 0.082 0.01 0.05 0.01 0.001
Adaptive Knowledge on risk and able to 0.01 0.04 0.02 0.06 0.791
capacity responds
Educational level -0.01 0.04 -0.02 0.05 0.744
Labour productivity 0.06 0.04 0.08 0.06 0.166
Familiar to practical and 0.18 0.05 0.75 0.06 0.062
adaptable technologies
Sustainable management of 0.075 0.02 0.019 0.01 0.002
farming system
Diversification of income 0.076 0.03 0.017 0.02 0.001
activities
Assets Precautionary saving behavior 0.188 0.01 0.317 0.01 0.001
possession Intensified livestock farming 0.05 0.04 0.125 0.013 0.001
Tree plantation 0.06 0.03 0.07 0.04 0.071
Cultivate adequate fertile 0.101 0.02 0.063 0.014 0.001
farmland
Social Couple agreement and honesty -0.01 0.03 -0.007 0.04 0.853
safety net on decision & management
Social network development 0.189 0.121 0.108 0.014 0.01
Safety net 0.188 0.012 0.03 0.04 0.423
constant 0.641 0.19 0.84 0.26 0.002
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Assets possession

The asset possession pillar was the second contributing factor to more household resilience. Three asset
indicators, such as cultivating adequate fertile farmland, saving performance and intensified livestock husbandry
had explained household resilience to livelihood insecurity at P<0.001 significant level (Table 6).

Saving in the form of cash and liquid assets in different institutions and associations is one of the best
mechanisms for addressing assets development and livelihood security. Saving enables one to cope with illness
and crises, and invest income-generating activities for regular income [24]. Households' risk management
behavior through precautionary saving as an ex-ante strategy is more likely contributed to resilience to shocks of
livelihood security in northwest Ethiopia [16, 51]. Saving behavior at the household level was significantly
influenced by extension contact frequency and access to market information [10]. It was also determined by
larger productive labor size, diversification into non-farming activities, education level, and distance of saving
institutions [100]. A large number of households do not have long-term saving motives and their saving
behavior is affected by extravagant cultural activities and lack of awareness in Gojam, Northwest Ethiopia [91].
Socio-cultural activities, such as locally named Tezkar, Mahiber, Senbete, and early marriage ceremony in the
winter season are major causes of the economic crisis of smallholder farmers [4]. The unexpected expense in
cash and other resources is commonly observed in the local communities of the study district and other areas of
northwest Ethiopia. Farmers revealed that avoiding disadvantageous socio-cultural activities is considered as
one major contributing factor to improving saving at the household level. Awareness creation and development
on saving behavior and avoiding extravagant socio-cultural activities should be encouraged through
collaborative efforts of the religious, institutional, and legal frameworks [100, 4, 10, 91]. Short and long-term
planning can be the basis to effectively manage agricultural yields. Farmers discussed that short and long-term
planning development and effective management of agricultural yield are important for achieving livelihood
development. Smallholder farmers’ aspiration for livelihood improvement is the most important determinant of
household resilience for livelihood security [43]. Households saving higher cash income have developed better
ability and capacity to mitigate disaster, to build human capital like education, and to diversify their livelihoods
into non/off-farm activities [63, 16]. More savings could intensify livestock husbandry, and enable to possession
of more fertile cultivated land.

Holding more livestock and cultivating larger farmland are correlated positively and significantly to the
dynamics of building resilience for food security [15]. Stark et al. [88] noted that a higher intensity of crop-
livestock integration flow improves the efficiency of the system while a more complex and homogenous flow
network improves the resilience of the system. From livelihood assets, improved livestock husbandry contains
poultry, apiary, fattening practice (of cattle, sheep, & goat), and horse and donkeys for transportation. It could
be promoted as a preferred livelihood activity as it is a superior income source due to higher returns and lower
variable costs [12]. Livestock husbandry contributes more (sell milk and fattened livestock to meat) to total
household income, constitutes an important safety net during times of economic hardship, is used as traditional
means of transportation (donkey and horse), and draught power for farming, and produce dung for household
energy and as organic fertilizer [12, 35]. The value of productive livestock husbandry is found to be
significantly associated with the probability of a household generating sustainable livelihood [15, 44, 59]. In
kola agroecology, livestock farming is more likely to contribute to household resilience than woina-dega and
dega agro-ecologies. Integration of the crop-livestock mixed farming system with plantation produces greater
agro-biodiversity for more diversified livelihood and income [31].

Plantation assets significantly (at P<0.1) explained household resilience for livelihood security (Table 6).
Plantation of exotic eucalyptus and acacia species are the most dominant and fast-growing plants (harvest from
4 to six years after planting) for woodlot forestry in diverse climatic and soil characters [99, 29]. When the
cultivated field is unproductive for crop production, farmers often preferred to convert it into eucalyptus tree
plantation in the face of the fast-rising price per tree for construction materials in the urban area. At the
household level trees are planted for cash income, construction, fodder, and fuelwood purposes. The expansion
of plantation could provide short-term economic benefits, generates job opportunities for the landless, and
enables farmers to diversify their livelihoods [99]. Rural households earned positive financial returns from the
plantation of acacia and eucalyptus species with seven-year rotations [29]. Integrating fast-growing trees with
annual crops possibly maximize ecological and economic benefits. Using planted trees for fuel-wood replaces
cattle-dung and maize straw can be used as organic manure to the productivity of the agricultural field [18].
Acacia plantation on degraded hillsides could enable to ensure livelihood gains of landless farmers under the
pressure of an expanding rural population in the northwest highlands of Ethiopia [74]. The plantation system
increased household income, created job opportunity, improved social lives, and improved degraded soils
significantly [73], and contributed to sustainable livelihood of farm household [102]. Plantation multifunctional
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vegetation on the structural conservation segment of croplands and enclosure communal areas should be
strengthening by bylaw for livelihood security of smallholder farmers [3]. The combination of complete closing,
cut-and-carry grazing system, and plantation of multifunction plants on communal land highly recommend for
sustainable mixed farming productivity [32]. Croplands are sometimes converted into eucalyptus tree
plantations in particular where cultivated fields are in proximity to the market and easily accessible for
transportation. Access to market and transportation services affects the capacity of the household to manage
agricultural yield and related risk [63, 59, 8]. In kola agroecology, plantations of fruit plants substantially
contribute to household resilience for livelihood security.

Access to basic services

From basic services, access to irrigation explained significantly for household resilience to livelihood insecurity
(Table 6). In the dry-sub humid area where erratic rainfall pattern is observed largely, irrigation access is very
essential to produce diverse crops, vegetables, and fruits, and livestock fodders. Access to traditional irrigation
for cereal crop, vegetable, and fruit productions contributes to increased household income, the daily calorie
intake, and livelihood development [14, 55]. It is one of the major adaptation options to limit the negative
impacts of climate variability [40]. Access to irrigation is negatively determined by distance from irrigable farm
plot to water source and distance from market [62].

Social safety-nets

From social safety net pillar, social network development significantly (at P<0.01) influenced to household
resilience for livelihood security (Table 6). Social networks mediate access to labor exchange, physical assets,
and micro-credit schemes. Development of social networks through membership in the cooperative, urban
linkage, labor sharing groups, saving, and credit association was found to have a significant positive impact on
farmers’ livelihood diversification [16]. More social networks determine the ability to practice and regularly
maintain labor-intensive land management practices for more livestock husbandry, crop production, and
plantation practices [92, 62].

Conclusion

The study aims to identify factors determining household resilience to livelihood insecurity under the crop-
livestock mixed farming systems in Goncha district, Northwest highlands of Ethiopia. The results disclosed that
adaptive capacity, followed by asset possession had significant and positive impacts on household resilience to
livelihood insecurity. Sustainable management of the farming systems, diversification of income activities, and
familiarity with practical and adaptable technologies were the most important determinants explaining adaptive
capacity. Assets indicators, including intensified livestock husbandry, cultivation of fertile farmland, improved
saving behavior and tree plantation were significantly and positively explained assets possession factor.
Moreover, access to irrigation practice and social network development significantly explained household
resilience. Therefore, agricultural extension packages should scale up sustainable management of the farming
system, saving behavior, means of income diversification, adaptable technologies, and agroforestry in
addressing household resilience to livelihood insecurity of smallholder farmers across diverse agro-ecologies.
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