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Abstract: Smallholder farmers in Ethiopia face increasing challenges from climate change and variability,
which threaten their food security and livelihoods. This study examines how adopting single and combined
climate change adaptation practices affects their vulnerability to food insecurity in Bench Maji Zone, southwest
Ethiopia. Through multistage sampling, data was gathered from 390 rural households in four climate-prone
districts. The study examines the impacts resulting from both individual and combined implementations of
adaptation techniques. These techniques encompass crop management practices, soil and water conservation
measures, and livelihood portfolio diversification strategies. The study employed the multinomial endogenous
treatment effect regression model to address selection bias and endogeneity resulting from various sources of
heterogeneity, whether observed or unobserved. The results show that farmers who adopted adaptation
practices were less vulnerable to food insecurity than those who did not. The study also finds that adopting
multiple practices has a more significant impact than adopting single practices. Our findings suggest that
implementing climate change adaptation strategies can increase the resilience of smallholder farmers in the
study area and decrease their vulnerability to food insecurity. The study recommends supporting farmers in
adopting these strategies through research and development, information dissemination, and collaborations
among farmers, researchers, and extension services.

Keywords: climate change adaptation; food insecurity; vulnerability; multinomial endogenous treatment
effect; smallholder farmers; Ethiopia

1. Introduction

It is widely agreed upon that the global climate has undergone significant changes and will
continue to do so. The IPCC's Sixth Assessment Report (AR6) offers vital information about the
physical science underpinnings of climate change. According to the report, human activity raised the
average global surface temperature during the pre-industrial era. From 1850-1900 to 2010-2019, the
global surface temperature has increased by 0.8°C to 1.3°C, with the most accurate estimate being
1.07°C [1]. It is crucial to comprehend the far-reaching impacts of global warming on the delicate
balance of the planet's climate and environmental systems. Rising temperatures are expected to lead
to more frequent severe weather events like droughts, storms, and floods. Additionally, ripple effects
could include disruptions in ocean currents, altered rainfall patterns, and a worrisome rise in sea
levels [2].

The impacts of global climate change are felt differently across the world, with developing
countries bearing the brunt due to their limited capacity for climate change adaptation, technology,
and resources [3,4]. Food security remains a pressing issue in developing nations, including Ethiopia,
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where instability and fluctuations persist due to various factors such as shocks, environmental
threats, and resilience to challenges. Households in these regions face unpredictable access to food as
a result of natural disasters and economic shocks [5,6]. Understanding the dynamic nature of food
insecurity is essential for policymakers and researchers to devise effective strategies and
interventions to enhance food security in these vulnerable areas. The resilience of households to cope
with and recover from these events plays a crucial role in determining the availability and
accessibility of food.

The World Food Programme [7] has reported a distressing surge in the number of Ethiopians
requiring humanitarian food assistance. It is estimated that 15.4 million people have been impacted
due to ongoing instability and climate-related disruptions. This crisis is expected to continue,
resulting in a prolonged period of heightened need throughout 2024. The vulnerability of Ethiopia's
rural livelihood systems, which rely on agricultural, pastoral, and agropastoral systems, to climate
change is a pressing concern. Rainfall is a primary climatic factor that significantly influences food
production and access in Ethiopia since the agricultural system relies mainly on rainwater rather than
irrigation [8].

Adaptation strategies play a vital role in ensuring the sustainability of agriculture in Ethiopia,
especially in the face of climate change. The ability of farmers to adapt to environmental and
economic challenges is key to building resilience in the agricultural sector. Farmers' ability to adapt
to environmental and economic disturbances is essential for the resilience of the sector [9]. Limited
adaptation skills among farmers can result in economic setbacks. To combat the adverse effects of
climate change and variability, smallholder farmers and local governments are implementing various
strategies such as soil and water conservation, crop diversification, and livelihood diversification.
These strategies are aimed at reducing vulnerability to food insecurity.

Despite the importance of adaptation strategies, there has been a lack of comprehensive analysis
on their impact on farmers' vulnerability to food insecurity. Few studies focus on analyzing single or
individual adaptation practices. For example, [10] have focused on individual practices, such as crop
diversification. While these studies have greatly enhanced our understanding of adaptation and its
impact on farmers' well-being, it only focused on one adaptation approach. It is imperative that
farmers, however, take into account a range of complementary, alternative, and supplemental
approaches to address climate change and variability. Therefore, ignoring the likely
interrelationships between the various strategies in adoption and impact analysis may lead to biased
conclusions [11]

Few studies have explored the impact of adaptation practices on farmers' welfare in Ethiopia,
utilizing a variety of adaptation strategies [12,13]. However, these studies often fail to delve into the
specific areas of adaptation to climate change, resulting in limited insights into the effectiveness of
different strategies. Neglecting the diverse adaptation strategies and capacities across different
contexts and locations can lead to inaccurate conclusions regarding the true impact of these measures
[14].

Against this backdrop, this study focuses on examining how various adaptation practices
influence household vulnerability to food insecurity at the micro level. By evaluating both individual
and combined adaptation strategies, this research aims to offer a comprehensive understanding of
farmers' adaptation behaviors and their implications for food security. The results of this study have
the potential to guide policymakers, development organizations, and international research projects
in developing more targeted and effective adaptation strategies for the agricultural sector. This study
contributes valuable insights to the existing literature on climate change adaptation, shedding light
on how farmers can adapt to the challenges posed by a changing climate. By identifying the impact
of adaptation practices on vulnerability to food insecurity, this research aims to enhance our
understanding of sustainable adaptation measures in the agricultural sector, ultimately fostering
resilience in the face of climate change.

2. Materials and Methods
2.1. The Study Areas
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Bench Maji Zone is one of the zones in Southwest Ethiopia Peoples Regional State (SWEPR) that
makes up the southwest part of the country and lies between 5.34-7.53°N latitude and 35.13- 36.23°E
longitude, covering about 19,326.59 km?2. The mean temperature in the zone typically ranges between
15 and 27 °C, making it moderate for the residents. Additionally, the average annual rainfall varies
from 400 to 2000mm, contributing to the environmental conditions of the area. According to the 2007
census projection by the Central Statistical Agency of Ethiopia [15], the estimated population size in
2018 is around 918,792 individuals. Among them, approximately 50.4% are female, highlighting the
gender distribution within the zone. Moreover, a significant 87% of the population are rural dwellers,
emphasizing the rural lifestyle prevalent in the area.

Map of Ethiopia by Regions
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Figure 1. Map of the Study Areas.

Rain-fed agriculture is the primary sector that dominates the livelihood of the Bench Maji Zone,
except for limited areas where traditional and small-scale irrigation methods are employed for
vegetable cultivation. Agricultural activities encompass both crop cultivation and livestock
production. Two distinct rainy seasons, Kiremt and Belg, are utilized to cultivate long-cycle crops.
Coffee, spices, and fruit crops are among the essential perennial cash crops in the zone. Among the
annual crops, maize, sorghum, root crops, and tuber cover the bulk of crop production [16]. In the
zone, the natural forest resource has been excessively utilized, leading to a rapid increase in
deforestation and environmental degradation. This issue is closely intertwined with factors such as
re-settlement, unplanned land use management, and unrestrained use of natural resources. The
consequences of these actions are severe and far-reaching [17].

2.2. Data Collection and Sampling Technique

The study meticulously collected quantitative and qualitative data to comprehensively examine
how adapting to climate change and variability affects farmers' vulnerability to food insecurity. To
ensure the robustness and accuracy of the survey, a well-structured questionnaire with a mix of open-
ended and closed-ended questions was developed and pilot-tested. Additionally, field training was
conducted to familiarize the enumerators with the study's objectives and the farm household survey.
The instruments focused on crucial areas such as past climate-related shock experiences,
socioeconomic factors, crop and domestic livestock practices, land ownership, agricultural resources,
access to institutional services, climate change and variability awareness, existing adaptation
strategies, and food consumption and spending. Secondary materials were also reviewed to
complement the primary data and identify any existing gaps.
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This study employed a rigorous multistage sampling method, which combined both probability
and non-probability techniques, to identify the most appropriate districts, kebeles, and households.
In the initial phase, four districts, namely Semen Bench, Shey Bench, Menit Goldiya, and Menit
Shasha, were deliberately chosen from the districts of the Bench Maji Zone due to their high
vulnerability to climate-related threats such as crop pests, livestock diseases, food production
shortages, seasonal flooding, and recurrent landslides [17]. For the second stage, four kebeles were
randomly selected from the Semen Bench district, three from the Shey Bench district, four from the
Menit Goldiya district, and three from the Menit Shasha district based on their distribution in each
sample district. In the third step, 390 farmers were randomly selected as a representative sample
using the probability proportional to the sample size sampling technique based on the number of
farm households in Kebeles.

In line with the methodology suggested by [18] and [19], this study utilized the following
formula to ascertain the minimum sample size required for a representative sample from the known
population:

Z2xp(1—p)*N
e?(N - 1)+Z%«p(1—-p)

The sample size computation for the selection of households from each district took into account
(i) a 5% margin of error (e=0.05) at 95 % confidence (Z=1.96); (ii) N=84,980; (iii) the proportion (p) for
the different variables under investigation (p = 0.88). Moreover, to be consistent with many previous
studies of such type [20-22], which factored in a design effect ranging from 1.5 to 2.5, this calculation
has also considered a design effect of 2.5 to address the multistage sampling inherent errors.
Additionally, a 5% non-response rate (NRR) has been accounted for to accommodate households that
may be unavailable, inaccessible, uncooperative, or have any other hindrance preventing survey

n-=

teams from reaching the selected household.

2.3. Methods of Data Analysis
2.3.1. Theoretical Framework

This study used a random utility framework to analyze how climate change adaptation
strategies impact household vulnerability to food insecurity. The model is framed on the principle
that an individual derives utility by choosing some alternatives [21,23]. The model assumes that a
farm household will only adopt an adaptation strategy if the benefits exceed those of not adopting it.
However, the utility derived from adaptation is not directly observed but inferred through the
farmers' choice. The standard formulation of the linear random utility model is as follows:

Uy=a,'Z;+¢
Uy=ay'Z; + &y

Relevant explanatory variables represented by Z; influence the perceived utility of adaptation.
The parameter estimates for choosing an adaptation strategy and not adapting are &4’ and ay’,
respectively. The correlation of error terms of the adaptation equations determines the type of
qualitative choice model used in the analysis. This implies that a household i will decide to adapt to
climate change and variability if

A" =EU;y) —E(Uiy) >0

Where E(U;y) and E(U;y) are the expected utility of implementing the strategy and not

adapting, respectively.

2.3.2. Analytical Techniques for the Impact of Adaptation to Climate Change

This study utilizes a multinomial endogenous treatment effect (METE) model to examine the
impact of climate change adaptation strategies on a household's vulnerability to food insecurity. The
model has two stages [24]. In the first stage, farm households face choices regarding climate change
adaptation practices. We introduce the latent variable G*;;, representing expected welfare outcomes
(vulnerability to food insecurity), when adopting climate change adaptation strategy j (j =
1...J) instead of another strategy (k):

G = Xij; + Z; 6l + & @
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X; represents factors affecting strategy j, such as household and plot characteristics, market access,
climate change perception, and shock variables. The parameter ¢ captures the impact of each factor
on the adoption decision, while the error term g; accounts for unobserved characteristics
and E( 8,-]-|X i) = 0). Additionally, a latent factor l; considers the hidden characteristics that
influence decision-making, such as farmers' technical know-how and managerial skills in adapting
to climate change (Abdulai and Huffman 2014).

In line with [24], we define j =0 as nonadopters, with G*;p = 0 remaining unobserved.
Instead, binary variables d; = (d;;,d;z d;3, ....,dy) are employed to determine responses to climate
change, while corresponding latent components l; = (l;;liz li3, ..., l;) influence the choice of
adaptation strategies. The probability of adopting strategies is expressed as:

P.(d;|X;l;) = g(X;p1 + Z; 64l + X0, Z; 625l ... + X]"Pj Z; 65 Lij )
If g confirms a mixed multinomial logit (MMNL) structure and represents an appropriate
multinomial probability distribution:
exp(Xipj+6ilij)
Pr(dilxili) = 1+Z§:1 exp(]Xi(Pj‘:silij) (3)

In the second stage, the METE model assesses how climate change adaptation practices impact
vulnerability to food insecurity [25,26], represented by the expected outcome equation:

E(VFI; = 1)z;,d, 1) = 29+ ¥ diy + 2}, T )

This Equation considers exogenous covariates z;, parameter vectors ¥, and the impact of
adaptation strategies on vulnerability to food insecurity (VFI) relative to non-adaptation, denoted by
parameter y. Additionally, the factor-loading parameter () influences the correlation between
climate change adaptation strategies and outcomes, where a positive value suggests positive selection
and a negative value indicates negative selection [24,26].

For the METE model to be identified, [24] recommend using at least one selection instrument
that affects the adaptation decisions of farming households but does not affect the outcome variables
among the households. However, finding an instrumental variable is tedious and challenging in
empirical analysis [10]. A simple falsification test was conducted on the excluded instruments, i.e.,
climate change perception [12,27,28]. Through this test, the instrument (climate change perception)
influences the adoption of climate change adaptation strategies in all cases, but not consumption per
adult equivalence. The model estimation utilized the mtreatreg command within the Stata software
package. This particular command ensured the precise and accurate estimation of the model.

2.3.3. Assessing Household Vulnerability to Food Insecurity

This study adopts the Vulnerability as Expected Poverty (VEP) approach to assess households'
vulnerability to food insecurity. This approach estimates the likelihood of households experiencing
food insecurity using consumption expenditure per adult equivalent (FCEAE) as an indicator of
household well-being [29]. Household vulnerability to food insecurity, denoted as Vp,, indicates the
likelihood of a household falling into poverty in the following time (£+ 1) period due to
consumption, such that:

Vhe =Pr (Cpeq1 < 2) ®)
Where Cp;.q1 represents the welfare indicator level of household (FCEAE) h attime t+ 1, and 3 is
the food poverty line, indicating the value of food necessary to meet the recommended minimum
daily calorie requirement of 2200 kilocalories per adult equivalent.

The FCEAE of the household can be expressed as a function of observed and unobserved
characteristics:

InCy, = X,B + &, (6)

X, represents a set of observable household characteristics, and &, is a mean-zero disturbance term

that captures personal factors affecting per-capita food consumption. The variance of the unexplained
portion of FCEAE g, contingent upon the household’s farm and socioeconomic characteristics:

0%ch = Xp0 + @y, )

Where 6 represents a vector of parameters that need to be estimated, wj, is the vector of residuals

of this second estimation. To address heteroscedasticity, a three-step feasible generalized least
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squares (FGLS) method is employed to obtain consistent estimates of B and 6. The variance of the
idiosyncratic element of household consumption is estimated as:

Gen =V XnOreLs ®)

This variance is used to define the homoscedastic consumption function in Equation (9), and the

predicted log household food spending per adult equivalent per day is estimated using Equation (10).

lnCh _ Xh Ep
as,h a.e,h as,h
lnCh* = Xh*B+£h* (9)
E{InCy|Xp} = XnB (10)
The variation in each household's log food consumption expenditure is as follows:
YUNCy|Xp} =G p = X106 (11)

Assuming that food consumption per adult equivalent is log-normally distributed [30], we can
determine each household's probability of food insecurity at a future time

Inz—InX,p

V,=P(nC,<Inz|X,) =0 (12)

Xp6

Where 0 (.) indicates the log-normal distribution of food consumption expenditures. Based on the
vulnerability coefficient ¥}, households can be categorized as vulnerable or non-vulnerable.
Households with a vulnerability coefficient of 0.5 or higher are considered at risk of food insecurity
[6]. This study follows a consistent procedure for categorizing vulnerable and non-vulnerable
households based on their vulnerability coefficients.

The study uses 2,200 kcal per day per adult as the food poverty line, the minimum energy
requirement for a nutritionally adequate essential diet [31]. Household food insecurity is identified
when the money spent on food is insufficient to meet this daily dietary need. Thus, households are
considered food insecure when their food expenditure is inadequate to purchase a nutritionally
adequate diet. This approach provides insights into households' vulnerability to food insecurity
based on their consumption expenditure and the likelihood of falling below the minimum energy
requirement in the future.

3. Results
3.1. Descriptive Results

Table 1 presents the features of sample households according to socioeconomic factors and the
strategies they have adopted to adapt to climate change. Notably, households headed by men
comprised 78% of adopters, with women making up the remaining 22%. There were 8.14% non-
adopters and 91.86% adopters among the 86 households headed by women. The table also shows that
38 percent of the sample as a whole had yet to complete any form of education. Nearly half of the
entire sample (48 percent) achieved a primary level of education, and those who attained senior
secondary education represent around a quarter of the sample respondents.

Table 1. Characteristics of sample households: categorical variables.

Adopters Nonadopters  Chi-square test

Variables Description Number % Number % (x2)

Male 273 776 7 184 0.32
Gender

Female 79 224 31 81.6

No formal 127 36.1 22 57.9 7.54**

Education
Level of Education )

Primary 174 494 14 36.8

Secondary 51 145 2 53

Yes 157 446 13 342 1.51

Off-farm Activity
No 195 55.4 25 65.8
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Yes 174 494 18 474 0.06
Access to Credit

No 178 50.6 20 52.6

>=6 209 594 17 447 3.02*
Extension Contact

<6 143 406 21 55.3

>2 139 395 15 39.5 0.001
Membership

<2 213 605 23 60.5

Yes 116 33 17 447 212
Climate Information

No 236 67 21 55.3

Yes 168 47.7 16 421 0.44
Good soil

No 184 523 22 57.9
Moderately  fertile Yes 115 327 18 47.4 3.29%
soil No 237 67.3 20 52.6

Yes 170 483 15 395 1.07
Flat plot slope

No 182 51.7 23 60.5
Moderately plot Yes 103 293 16 421 2.67
Slope No 249 70.7 22 57.9
Severity  of soil High 180 51 10 26.3 8.46*
erosion Low 172 489 28 73.7

Low 121 344 25 65.8 14.53***
Perceived climate

Medium 167 444 10 26.3
shock

High 64 182 3 79

Source: Own survey (2022). ***, **, and * indicate statistical significance at less than 1%, 5%, and
10%, respectively.

Furthermore, the data reveals a significant mean difference (at a 5% significance level) in
education levels between adopters and nonadopters, with 36.08 percent of adopters and 57.89 percent
of nonadopters having no formal education. This finding underscores the crucial role of education in
climate change adaptation. Off-farm job opportunities are generally limited in the study area. Only
43.59% of sample households were employed in off-farm activities, with 44.6% of adopters and
34.21% of nonadopters engaged in such activities.

A significant percentage of farmers (42.05%) did not have regular contact with extension service
agents at least six times a year. On the other hand, a substantial proportion of 57.95 percent received
regular technical advice and support at least six times a year. In the adopter group, 59.38 percent of
respondents reached out to extension service agents at least six times per year, compared to 40.63
percent in the nonadopter group. There is a noticeable difference in the frequency of contact with the
extension agents between the two groups.

Participation in socioeconomic groups serves asa powerful indicator of social capital
endowment, a key factor in climate change adaptation. Forty percent of respondents were members
of at least two socioeconomic groups, indicating a significant level of social capital. Among adopters,
39.5% belonged to at least two groups, while 60.5% did not. Similarly, 40 percent of nonadopters were
also members of at least two groups. This fact emphasizes the importance of community involvement
in climate change adaptation and the need to strengthen social capital for more effective adaptation
strategies.

The survey asked participants whether they were entitled to early warning information and
climate change-related content. The results revealed a significant disparity, with only 34.1 percent of
households receiving this crucial information, while a staggering 65.9 percent were still in need. This
lack of early warning information has had a profound impact, preventing households from
appropriately anticipating and adapting to the effects of climate change and its variability.
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Among the respondents, a significant disparity in perception of climate change impact was
observed. Nearly half, 48.72 percent, of sample farmers perceived their plots as severely eroded, while
the remaining 51.28 percent did not. Interestingly, 51% of adopters and 26% of nonadopters perceived
their farms as severely eroded. This disparity in perception underscores the need for increased
awareness and action. In terms of climate change impact, 34% of adopters and 68% of nonadopters
were perceived as having a low impact, 47% of adopters and 26% of nonadopters had a medium
impact, and 18% of adopters and 8% of nonadopters perceived a high impact.

Table 2 reveals a significant age difference between adopters and nonadopters, with adopters
being older. Most respondents (96%) fell within the productive age range of 21 to 64, indicating their
potential for active participation in climate change adaptation strategies. The youngest and oldest
respondents were 21 and 71, respectively, with the average age of all respondents being 42 years. The
mean family size of the sample population is 4.7, which is almost nearly identical to the national
average of 4.6 people per household [15]. Furthermore, the mean family size of nonadopters and
adopters is 4.6 and 4.7, respectively.

Table 2. Characteristics of sample households: continuous variables.

Variables Mean Adopters Nonadopters t-value
Age 42.5 (0.56) 42.6 41.8 -0.39
Family Size 4.7 (0.11) 4.7 4.6 -0.43
Livestock 3.5(0.16) 3.7 1.9 -6.56***
Farm Size 1.4 (0.04) 14 1.3 -1.22
Distance to market 31.5(1.14) 31.5 314 0.04
Climate perception 1.01 (0.02) 1.02 0.86 2.72%%%

Source: Own survey (2022). *** indicates statistical significance at less than 1%. The numbers in
parentheses are standard errors.

The average number of animals owned by the sampled households, measured in Tropical
Livestock Units (TLUs), is 3.5. Notably, nonadopters of climate change adaptation strategies have an
average livestock ownership of 1.92 TLUs, while adopters have an average ownership of 3.71 TLUs.
The statistically significant mean difference (less than 1%) in livestock ownership between adopters
and nonadopters suggests that households with greater livestock holdings are more inclined to adopt
adaptation strategies compared to those with fewer animals.

In the study area, the average farm size for sample households is 1.42 hectares of farmland.
Specifically, nonadopters’” households have an average size of 1.28 hectares, while adopters’
households have a slightly larger average size of 1.44 hectares. The mean perception value for the
combined sample is 1.01. Notably, nonadopters have an average perception value of 0.86, while
adopters exhibit a slightly higher average value of 1.02. These results highlight a statistically
significant difference between adopter and nonadopter households at a 1% significance level,
emphasizing the role of perception in shaping the adoption of climate change adaptation strategies.

3.2. Comparing Conditional and Unconditional Climate Change Adoption Strategies (%)

Table 3 provides a comprehensive view of the unconditional and conditional probabilities of the
sample. Notably, around two-thirds of the farmers have implemented crop management strategies,
53% use soil and water conservation techniques, and 41% diversify their livelihood portfolios. The
table also highlights the interdependence among these three strategies for adaptation. Specifically,
about 70% of farmers who practice crop management also use soil and water conservation measures,
and 47% have diversified their livelihood portfolios. It is worth noting that adopting soil and water
conservation actions increases the likelihood of implementing crop management practices by 4%.
Similarly, farmers who use crop management techniques are more likely to conserve water and soil
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(56%) and diversify their livelihood portfolios (42%). Notably, these strategies exhibit intricate
interdependence, mutually influencing each other.

Table 3. Conditional and unconditional probabilities of adopting climate change practices (%)

Crop Soil and Water Livelihood Portfolio
Management conservation Diversification (L)
Practice (A) Measures (S)
p(Y;=1) 66 53 41
p(Y; =1|y, =1) 100 56 42
p(Y; =1|Ys = 1) 70 100 47
p(Y; =1|y, =1) 65 52 100
p(Y, =1V, =1Ys=1) 100 100 40.0
p(Y; =1|Y, =1Y, =1) 100 55 100
p(Y; =1|Ys =1y, =1) 70 100 100

Note: ¥; =1 is a binary variable representing the adoption status concerning choice j (j =1 Crop
management practice (A), soil and water conservation (S), and livelihood portfolio diversification

(©)-

3.3. Assessing Food Insecurity Vulnerability in the Study Areas

This study assessed rural households for food insecurity vulnerability using a <0.5 or 0.5 score,
categorizing them as vulnerable or non-vulnerable [32]. The assessment of food insecurity status
involved comparing consumption per adult equivalent to the food poverty line. Households below
the threshold were classified as food insecure. Table 4 exhibits the categorization of households by
their vulnerability level and food security status. The study revealed that 65.3% of households in the
study areas were vulnerable to food insecurity. Interestingly, those who have adapted to climate
change (65.9%) exhibited lower vulnerability levels, whereas the remaining 34% of households still
face a high risk. This result suggests that despite efforts to address climate change, some households
still face food insecurity. It is important to note that even individuals who have embraced climate
change may not be completely shielded from its negative impacts, as some likely other factors or
limitations contribute to their vulnerability.

As per Table 4, it is apparent that out of the 196 currently food-secure households, a significant
majority (around two-thirds of the total households) displayed a high level of food security. This
figure indicates that these households are unlikely to experience food insecurity shortly, as they have
reliable access to sufficient and nutritious food. This access, in turn, reduces the risk of food insecurity
and its negative impacts on their overall well-being. However, the fact that around 25% of the food-
secured households (49 out of 196) were found to be vulnerable to food insecurity is a cause for
concern. Despite their current food security status, these households are more likely to experience
food insecurity in the future. They may have limited or unstable access to food resources, which puts
them at a higher risk of insufficient food intake or poor dietary quality. This potential future food
insecurity among currently food-secure households highlights the need for immediate action to
prevent the worsening of the situation.

Table 4. Categorization of households by their vulnerability level and food security status.

Food security status

Food
Level of Insecure Food Secure Adoption Status
Vulnerability No. % No. % X’ Adopters (%)  Nonadopters (%)

Vulnerable 92 65.3 49 34.8 21.236*** 34.1 55.3
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Not vulnerable 102 40.9 147 59.1 65.9 447
Total 194 49.7 196 50.3 100.0 100.0

Source: own computation based on survey (2022) *** indicates statistical significance at less than 1%.

3.4. The Impact of Climate Change Adaptation on Vulnerability to Food Insecurity

We focus on analyzing the impact of climate change adaptation strategies on vulnerability to
food insecurity. However, we need to delve into the factors that affect adopting these strategies,
which is the initial phase of the METE model. The estimation results for the first stage are included
in Appendix A as supplementary materials.

As previously stated, this study utilized the METE model to examine the correlation between
adaptation practices and households' susceptibility to food insecurity. The findings are presented in
Table 5. Simply put, numerous selection correction terms are significant at the 1% level. Implementing
various climate change adaptation practices will impact nonadopters differently if they choose to
implement them. The results indicate that implementing both individual and combined adaptation
strategies substantially reduces the likelihood of experiencing food insecurity across various outcome
measures. Farmers should adopt climate change adaptation strategies to reduce their vulnerability to
food insecurity during unpredictable climate events.

Table 5. Multinomial endogenous treatment effect estimates of adoption impacts of climate change
adaptation strategies on vulnerability to food insecurity.

Average Treatment Effects on The

Outcome Variable Strategy Choice Treated (ATT)
Coefficient Standard Error

Vulnerability to AiSiLa -0.12%%* 0.003
A1SoL1 -0.16%** 0.004

Food Insecurity AoSoL1 _0.16%** 0.003
AoSiLo -0.14*** 0.003
A1SoL1 -0.15%** 0.002
AiSiLo -0.247*** 0.002
AiSoLo -0.08*** 0.003
Selection terms
AA1S1La 0.02%** 0.0007
AA1SoLa 0.14*** 0.0006
AA0SoLa 0.01*** 0.0010
AA0S1Lo 0.11%** 0.0008
AA1SoLa -0.09*** 0.0007
AA1S1Lo 0.23*** 0.0007
AA1SoLo 0.02%** 0.0008

*** denotes significance at 1% significance levels.

The results, as shown in Table 5, show that the combined use of all the climate change adaptation
strategies (AiSi1L1) and the adoption of crop management practices alone (A1SoLo) both decrease the
likelihood of vulnerability to food insecurity. The vulnerability reduction is 12% and 8% points lower,
respectively, compared to non-adoption. Adopting soil and water conservation measures in isolation
(AoSiLo) also reduces the probability of vulnerability to food insecurity by 14%. These findings are
particularly relevant for farmers in the study area, where climate change significantly threatens food
security. This reduction demonstrates that implementing soil and water conservation measures can
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enhance the resilience of cropping systems against climate change-induced water stresses such as
floods and droughts. These results confirm earlier findings by [33] for farmers in eastern Ethiopia
that adopting soil and water conservation practices reduces the probability of farmers being food
insecure, vulnerable to food insecurity, and transient and chronically food insecure.

More importantly, the highest reduction in the probability of vulnerability to food insecurity
(24% points) is realized through crop management practices combined with soil and water
management measures (AiSiLo). This result is probably because using inputs and resources, such as
improved seed varieties, proper fertilizer application, and pest and disease management techniques,
can significantly increase crop productivity. By implementing soil and water conservation practices
like terracing, contour ploughing, and mulching, soil fertility is maintained, leading to healthier crops
and higher yields. This increased productivity ensures a more stable food supply and reduces
vulnerability to food insecurity. Previous studies [34,35] show that adopting different agricultural
technologies would likely positively impact crop yield, consumption expenditure, food security, and
alleviating poverty.

Livelihood portfolio diversification strategies (AoSoLi) have been found to be effective in
reducing vulnerability when implemented alone or in combination with crop management practices
or soil and water conservation measures (AiSoL1 or AiSoL1). These strategies, both alone and in
combination, have higher vulnerability reduction effects (16.9%, 152%, and 16.8% points,
respectively) compared to other combinations. Hence, adopting climate change adaptation measures
can improve crop production's environmental and economic aspects. This improvement allows
farmers to spend more on food items than they would have if they had not adopted the practices.

4. Conclusions

Agriculture plays a vital role in alleviating poverty and fostering economic development in
numerous agrarian economies, such as Ethiopia. However, it is extremely susceptible to the effects of
climate change and variability, which greatly affect farmers' economic well-being. Ensuring the long-
term viability of agriculture hinges on farmers' ability to adapt their production systems to address
both environmental and economic obstacles and changes.

Existing studies have focused on individual adaptation practices, but there is a need to consider
the interplay between different strategies for a more comprehensive understanding. This study aimed
to estimate the impacts of climate change adaptation practices on smallholder farmers' vulnerability
to food insecurity in the Bench Maji zone in southwest Ethiopia. A multinomial endogenous
treatment effects approach is used to find out how different and individual adoption practices affect
farmers' susceptibility to food insecurity.

The results of our analysis are not just theoretical but have practical implications for farmers and
policymakers. We found that adopting climate change adaptation strategies, particularly
combinations of strategies, can significantly reduce vulnerability to food insecurity. The most
effective strategy, however, is a combination of crop management practices and soil and water
management measures. This suggests that by using improved seed varieties, proper fertilizer
application, pest and disease management techniques, along soil and water conservation measures,
farmers can significantly increase crop productivity and reduce their vulnerability to food insecurity.

Our findings highlight the importance of livelihood portfolio diversification strategies in
reducing vulnerability to food insecurity. When combined with crop management practices or soil
and water conservation measures, these strategies have a significant impact on reducing
vulnerability. By diversifying their livelihood activities, individuals can better withstand shocks and
stresses that may impact their primary source of income. This underscores the need for farmers to
adopt a range of adaptation strategies to reduce their susceptibility to food insecurity in the face of
uncertain climate change events.

Author Contributions: Andualem Begashaw conceived the idea and study design, collected data, conducted
data analysis, and drafted the manuscript. Mengistu Ketema, Abule Mehare, and Mesay Yami provided
statistical support and reviewed, revised, and contributed to the final manuscript. All authors have reviewed
and approved the final version of the manuscript for publication.


https://doi.org/10.20944/preprints202405.2157.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 June 2024 d0i:10.20944/preprints202405.2157.v1

12

Funding: Mizan Tepi University funded this research as part of a Ph.D. study.

Acknowledgments: The authors would like to express sincere gratitude to all officials, sample respondents, and
experts who participated in providing relevant information and data collection.

Conflicts of Interest: The authors declare that they have no conflict of interest.

Appendix A. Mixed Multinomial Logit Model: Determinants of Multiple Adaptation Strategies
Coef. Std.Er Coef. Std.Err. Coef. Std.Err. Coef. Std.Er  Coef. Std.Er

Variable
A1S1L1 A0S1L1 A0SOL1 A0S1LO0 A1S0L1
gender 0.707 0.748 -0.211 0.792 -0.524 0.705 -1.080 0.708 -1.204* 0.658
Inagehh -0.130 1.154 2.218* 1.201 0.397 1.097 0.456 1.111 -0.522 1.020
educhh 1.074** 0.487 0.839* 0.476 0.946** 0.457 0.676 0.461 0.786* 0.426
Inlivestock ~ 3.927*** 0.507 -0.312 0.325 0.651* 0.343 0.301 0.322 -0.480* 0.283
exte 0.637 0.606 1.025 0.660 0.774 0.604 -0.169 0.592 0.035 0.550
mseg -1.073* 0.616 0.142 0.631 0.708 0.583 -0.058 0.594 0.345 0.542
good__soil -1.693** 0.873 1.070 0.953 -0.395 0.829 -1.144 0.775 0.312 0.815
off_farm 0.934 0.595 -0.281 0.658 0.664 0.587 1.386** 0.584 0.031 0.558
credit -0.303 0.590 -0.501 0.620 -0.368 0.576 -0.051***  0.572 0.154 0.536
moderate_s
oil -0.945 0.884 -0.617 1.010 -1.278 0.877 -2.545 0.882 -0.625 0.844
slope_flat -1.164* 0.620 0.351 0.626 0.652 0.589 -0.181 0.605 0.500 0.555
erosion 0.346 0.630 1.201* 0.657 0.732 0.610 1.371** 0.607 0.719 0.574
clmt_shock 0.590 0.455 0.651 0.476 1.045** 0.441 1.158***  0.442  1.399***  (0.423
adq -0.168 0.165 -0.151 0.174 -0.183 0.162 -0.507***  0.168 -0.104 0.151
Indis_mkt -0.189 0.297 -0.095 0.309 0.195 0.295 0.108 0.293 0.139 0.271
clm_inf -0.390 0.613 -0.818 0.656 -0.443 0.595 -0.788 0.595 -1.114* 0.580
Inclmt_perc 1.227** 0.626 -0.466 0.602 -0.024 0.568 1.116* 0.648 0.245 0.572
_cons -3.011 4.432 -9.908** 4.798 -3.672 4.249 0.064 4235 1.279 3.913
Variable A1S1L0 A1S0LO
gender -0.151 0.616 0.298 0.646
Inagehh -0.070 0.919 0.647 0.957
educhh 0.824** 0.390 -0.266 0.427
Inlivestock 0.567 0.273 1.142%** 0.298
exte 0.489 0.499 0.442 0.516
mseg 0.438 0.489 -0.273 0.512
good__soil -0.098 0.723 -0.865 0.754
off_farm 0.653 0.495 0.295 0.511
credit 0.110 0.481 0.517 0.498
moderate_s
ol -1.127 0.749 -0.833 0.765
slope_flat 1.514***  0.501 0.722 0.515
erosion 2.040%** 0.526 0.231 0.547

clmt_shock 0.670** 0.385 0.977** 0.396
adq -0.220 0.137 -0.331** 0.141
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Indis_mkt -0.149 0.241 0.094 0.254
cIm_inf -0.428 0.497 -0.386 0.509
Inclmt_perc 0.924* 0.508 1.495% 0.580
_cons -0.478 3.532 -2.228 3.700
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