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Determinants of farmers’ choice =~
of adaptation strategies to
climate change in

Semen Bench District,

Southwest Regional State, Ethiopia

Relevance. Climate change is a severe problem in Ethiopia as a whole, but especially in the study area,
where people rely on subsistence rain-fed farming. Effective adaption changes in climatic conditions
are critical to securing resilient farmers' livelihoods.

Methodology. As a result, this study investigated farmers' choices and factors influencing their adapta-
tion strategies to climate change in Semen Bench District, Southwest Ethiopia, which is heavily impact-
ed by climate change pressure. This study utilized a cross-sectional survey and time series data
research design. A multistage stratified random sampling procedure collected from 216 randomly
selected sample households using a pretested questionnaire survey. The supplementary data were col-
lected from purposely-selected fifteen key informants; (twenty) focus group participants. Farmers' cli-
mate change adaptation techniques were described using descriptive statistics and an econometric
model. To determine the characteristics influencing household adaptation methods to climate change,
a multivariate probit model was used.

Results. The model results showed that the likelihood of families employing soil and water conserva-
tion (SWC), enhanced and diversified crops, tree planting and agroforestry, irrigation, and organic fer-
tilizers were 47.8%, 38.9%, 54.1%, 63.4%, and 59.6%, respectively. Multivariate probit model were applied
to identify factors that influence the farmer's decision to adapt to climate change. The MVP model con-
firmed that the factors had statistically significant (P<0.01, 0.05, and 0.1) effects on the choice of adap-
tation responses such as the household head's sex, age, education level, household size, farm size,
farm income, ownership of tropical livestock, access to credit, extension visit, farmer-to-farmer exten-
sion, access to climate information, farmer experience, and the average distance from home to the farm.
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dakTopbl, onpeaenstoLLme BoIbop
(hepmepamut cTpaTerii aganTauum
K UI3MEHEHWIO KIIMaTa B palioHe
CemeH beny, KOro-3anagHbilif
PErMOHArNbHbIN LUTAT, SUONKS

AHHOTALMA

AxTtyansHocTk. M3aMeHeHue KnMmata IBnsieTcs cepbe3Homn npobnemon B Apronmm B LIeNIoM, HO 0Co-
OeHHo B MccneayeMoM paiioHe, rae Nloau 3aBUCAT OT HaTyparlbHOTO X03AMCTBa, 0CHOBAaHHOTO Ha J0X-
feBoM opolueHun. pchekTMBHAA apanTauma K KNMMaTUYECKUM M3MEHEHMAM MMeeT peluaroluee
3HayeHue Ans obecneyeHns YyCTONUYMBOrO Xu3HeobecneyeHns epmepos.

Marepuan n metozk!. B cBA3M ¢ 3TMM B JAaHHOM MCCneAoBaHUM U3yvanu NpeanoyTeHusi hepMepoB 1
thakTopbl, BNMAIOLLME HA UX CTPaTery aganTaLmum K U3MEHeHMIo knumara B paiioHe Ceme Beny, FOro-
3anapgHas dduonus, KOTOPLINA CUNBHO NOCTpadan oT JaBNEHUs M3MeHeHUsi knumara. B nccnenoBa-
HAW WCMONb30BanM MeToA MorMepeyHoro oOCreAoBaHUA W METOA aHanu3a BPEeMEHHbIX PAAOB.
MHorocTyneHyartas cTpatuduLMpoBaHHas cryyaiiHas BbIbopka 6bina npoBefeHa Ha OCHOBE AaHHbIX
216 cnyyainHo BbIOpaHHBLIX JOMOXO3ACTB C UCMONb30BaHUEM NpeABapUTENIbHO NPOTECTUPOBaHHOMO
onpocHuKa. [lononHuTenbHbIe AaHHble Obink cobpaHbl y NATHaALATU cneuuaribHo OTOBPaHHbIX
KNHoueBbIX MHChOPMATOPOB (ABaALIATH) yyacTHUKOB thokyc-rpynnbl. MeToabl apanTauvmn (epmepos k
M3MEHEHUIO KnMaTa ObInu onucaHbl C UCNONL30BaHUEM ONMUCaTENbLHON CTaTUCTUKUA U AKOHOMETPU-
Yeckoi mogenu. [ins onpeseneHns xapaKTepUCTUK, BNMSIOLLMX Ha METOAbI aAanTaLyy AOMOXO3ANCTB
K M3MEHEHMIO KIMMata, UCnonb30Ba MHOFOMEpHYH NpobuT-Moaens.

Pesynerathl. PesynbTatbl MOAENU nokasanu, 4To BEPOATHOCTL MCMONb30BaHUS CEMbMA METOA0B
coxpaHeHusi nouBbl U BoAbl (SWC), ynyulieHHbIX U AvBepcUULMPOBaHHBIX KymnbTyp, Nocaaku
[epeBbEB U arporiecoBOACTBA, OPOLLEHUSA M OpraHUYeckux yaoopeHui coctaBuna 47,8%, 38,9%,
54,1%, 63,4% u 59,6% cootBeTcTBEHHO. NMHOromepHass npobuT-moAens Obina NpuMeHeHa Ans
BbIABNEHNA (hakTOpOB, BNUAIOLMX Ha pelleHne diepmepa afanTpoBaThCsl K M3MEHEHMIO KIMMaTa.
Mogens MVP nogreepauna, 4to hakTopbl, OKasbiBakoLLMe cTaTMCTUYeckn 3Haummoe (P<0,01, 0,05 n
0,1) BnmAHKe Ha BbIOOpP Mep apanTaumm, Takue Kak Mon rra.Bbl JOMOXO3ANCTBA, BO3PACT, yPOBEHb
obpa3oBaHus, pa3mep AOMOXO3ANCTBA, pasmep hepMbl, 10X0A OT hepMbl, BNageHWe TPONUYECKUM
CKOTOM, OCTYN K KpeauTam, BU3MTbI CMeLManicToB No pacnpoCcTpaHeHMIO CeNbCKOXO3ANCTBEHHbIX
3HaHWI, KOHCYNbTaLUK Mexay chepmepamu, AOCTYN K KNMMaTU4ecKon nHdopmaLmm, onbIT hepmepa
U cpefHee paccTosHMe OT AoMa A0 dhepMbl.

KNHOYEBbIE CII0BA:

W3meHeHve knumarta, cTpaTeru agantaumm, MHoromepHas npobut-moaens, Auonua
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1. Introduction

limate change adversely affects the environment, human

health, food security, economic activities, resources, and
physical infrastructures in the world [1]. The impact of climate
change on the different sectors varies in degrees, the worst hit is
supposed to be rain-fed agriculture due to its high sensitivity to cli-
mate stimuli. The impacts of climate change unevenly vary spatial-
ly in magnitudes. The developing countries and the poorest peoples
will suffer more than the others will, even though their contribution
to the change is minimal. Because the economic activities of these
countries mostly depend on rain-fed agriculture and natural
resources which are susceptible to climate change [2,3].

Climate change has a direct and indirect impact on agricultural
production and productivity in rural areas. It has a direct impact on
agriculture by affecting weather variables such as temperature,
solar radiation, rainfall, wind speed, and humidity [4], as well as indi-
rectly through disease and pest outbreaks and the development of
climate-related diseases such as malaria, which affect the labor
force [5]. According to Newton et al. [6] climate change alters the
complex connections between crops and pathogens, resulting in
more pest and disease outbreaks. Ethiopia is an agrarian country,
with agriculture accounting for 43% of total GDP [7].

Agriculture in Ethiopia is marked by a lack of modern inputs, low
outputs, and reliance on rainfall. According to the CSA's (2008)
farm management practices study, smallholders account for 96.3%
of total cultivated land and 95% of total crop production. Irrigation
accounts for only approximately 1.5% of farmed land. Ethiopian
agriculture is one of the most sensitive industries to current climat-
ic variability and future climate change, potentially exposing millions
of people to recurring food shortages and famines. Climate change
and variability's negative influence on crop and livestock output
could lead to a statewide food crisis and significantly harm the
economy [8].

Adaptation is an important technique for farmers to deal with the
negative effects of climate change and variability, which increases
agricultural productivity in impoverished farm households [9].
Similarly, understanding adaptation methods on the part of small-
holder farmers may help to address the challenge of climate
change [10]. When bad conditions prevail, adaptation can be con-
sidered as lowering the severity of various impacts. That is, adapt-
ability minimizes the extent of potential injury. The fact that climate
has changed in the past and will continue to change in the future
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highlights the need of understanding how farmers perceive climate
change and adjust in order to guide future adaptation initiatives.

Climate change and fluctuation have had the greatest impact
on the rural parts of Ethiopia's Semen Bench District. The
region's natural resource base is severely damaged, and pres-
ent global warming exacerbates the people's vulnerability to cli-
mate change impacts. Several studies concur that the district
has been enduring droughts that have happened in the country,
showing the susceptibility of the region's response to climate
change revealed that the most important climate change was in
temperature and rainfall variability, which caused drought and
flooding in the districts

In previous studies, there was a gap in the methodology used
to identify the factors that influence the choice of adaptation
strategies. Previous studies have mainly relied on the multinomi-
al logit (MNL) model, which assumes that farmers select only
one adaptation strategy from a set of discrete options. However,
in reality, farmers may choose multiple strategies simultaneous-
ly, and these strategies can be interdependent [11]. Therefore, it
was necessary to conduct research at the household or farm
level in different areas of Ethiopia to understand the climate
trend, identify adaptation strategies, and determine the factors
influencing these choices using the multivariate probit (MVP)
model.

To the best of the researcher's knowledge, little empirical study
has been conducted in the study area to determine the factors
influencing these choices. Therefore, it is crucial to analyze and
identify the factors that affect their choice of adaptation strategies.

2. Materials and Methods

2.1. Study area

The study was conducted at Semen Bench district, Bench
Sheko zone in southwest National regional state, Ethiopia (Figure
1). It is about 583 km southwest of Addis Ababa and 17 km far
from Mizan town. Geographically, it is located between 6055'00"
to 707'30" N latitude and 35032'30"-35045'00" E longitude
(SBDADO). In its relative location, Semen Bench district is bound-
ed on the North by the Sheka Zone, on the Northeast by Kaffa
Zone, on the Southeast by Shey Bench district, on the South by
Mizan Aman town and on the West direction by Sheko District. In
the Semen Bench district there are 21 Kebeles and cover a total
area of 60,254.173 ha.

Map of the Study Area
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Figure 1. Location of the Study Area
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2.1.1. Topography and climate characteristics

of the study area

The Semen Bench district is categorized into three agro ecologi-
cal zones based on altitude: Weyna Dega, Dega, and Kola. The
area's topography includes flat terrain, rugged landscapes, plateaus,
and steep slopes. Altitudes range from 1400 to 2500 meters above
sea level (Masl). Mean annual rainfall ranges from 400 to 2000 mm,
and temperatures range from 15°C to 27°C.

2.1.2. Population and socio-economic activities

The district is home to various ethnic communities, including
Kaffa, Bench, Amhara, Oromo, Wolayita, and others. According to
the 2019 population projection by the Central Statistics Agency in
Mizan Teferi, the total population is estimated at 137,407, with 66,902
males and 70,505 females. The Semen Bench District features a
mixed farming system. Dominant crops include cereals like maize,
barley, wheat, teff, sorghum, rice, sesame, fava beans, and common
beans, which account for 26% of cultivation. Tree crops such as cof-
fee, mango, papaya, banana, and avocado represent 65%, while
root and tuber crops like potatoes, sweet potatoes, carrots, inset, and
taro make up 9%. Livestock, including cattle, sheep, goats, poultry,
and donkeys, are vital for income and livelihoods.

2.2. Research Design and Approach

This study employed a cross-sectional survey and time series
data research design, integrating both quantitative and qualitative
approaches. These methods were selected to comprehensively
gather and analyze data on climate perception and farmer adaptation
strategies, including socioeconomic household characteristics. Data
collection tools included questionnaires and structured interviews for
quantitative data, along with interviews, focus group discussions, and
key informant interviews for qualitative insights. Additionally, temper-
ature and rainfall data from the Ethiopia Meteorological Institute (EMI)
were used to enhance the climate change analysis.

2.3. Sampling technique and sample size determination

Multi-stage random sampling technique was used for this study.
among six districts of the Bench Sheko zone, Semen Bench District
was selected purposively, because the district is more constrained by
environmental factors (rainfall variability, temperature variability,
excessive runoff, and local flood) as well as socioeconomic factors
(scarcity of water, improper land use and lack of infrastructures) than
other districts, also, which are more vulnerable to climate change and
prone to risks and the climate trends and local climate change adap-
tation strategies and factors affecting the choice of climate change
adaptation strategies were very limited studied before, even in the
neighboring district also there was not a lot of studies.

In the second step, stratified random sampling was used because
the district is heterogonous in agroecology. The entire population that
is number of households within the district is divided into three strata
considering the agro ecological zones. Because agro ecological vari-
ation creates heterogeneity in the adaptation strategies of the farm-

ers. Therefore, the entire district was stratified into three classes
based on data of agroecological zones.

The agroecological zones were Woyna Dega (midland), Kola
(lowland), and Dega (highland). In the third step, five sample kebe-
les were selected randomly (lottery) method (three kebeles from
Woyna Dega, one kebele from Kola, and one kebele from Dega)
then households randomly selected from the three agroecological
zones of five sampled kebeles using probability proportional to size.
Finally, due to time constraints to cover the vast and very difficult
geographical extents having an extremely dispersed settlement of
the household heads and budget limitations, from the total of 2978
household heads, 216 were selected using simple random sam-
pling (SRS). This method of sample selection gave each kebele
and every household head in each kebele an equal chance of being
included in the sample. The probability proportional to size tech-
nique was applied to determine the number of samples required at
each stage of disaggregation. So, finally, the household sample
sizes were determined by using the Cochran&Talwani [12] sam-
pling formula with 95% confidence level and at 7% precision level
to determine the required sample size.

2+ P(1-P)

................................. 1
o “

Where n is required sample size (when the population is
>10,000), P is the approximate proportion of people having the
basic knowledge attitude, and behavior of local adaptation
strategies. Since there is no data on the local adaptation strate-
gies of in the target regions (50%).

Z is the value of 1.96 to achieve the level of confidence of
95%; e is the tolerable error margin, as defined in 0.07 (i.e., 7%
maximum discrepancy between the sample and the general
population).

Then 1.962*0.5(1-0.5)/0.072=196 an additional 10% contin-
gency was added to compensate possible non-response rate;
therefore the total sampled size is 216.

n * Ni
2. Ni

ni=

................................. eq2.

Where n = determined sample size the research paper was
used

ni = households of the ith kebele, and

Ni = total households of the ith kebele.

2.4. Sources of data

This study used both primary and secondary data sources.
Primary data were collected via household surveys, focus group dis-
cussions, key informant interviews, and direct observations with farm
households, kebele agricultural experts, and development agents.

Table 1. Distribution of Sampled households by sample kebeles

Agro-ecology Total Kebeles Total population Total household (Ni) Sample household (ni)
Temenj yezh 4361 976 71
Woyna Dega
Yali 2563 720 52
Boseka 2092 300 22
Dega Moyakela 4220 495 36
Kola Goritina mag 3031 487 35
Grand total 16267 2978 216



Secondary data were obtained from published and unpublished
sources, including government offices, the NMI, the Central
Statistical Agency, online sources, universities, public libraries, and
local offices related to agriculture, water development, and health in
the Semen Bench district.

2.5. Data collection tools

A survey with structured, semi-structured, and unstructured ques-
tionnaires was conducted among 216 households to understand the
determinants of farmers' climate change adaptation strategies. Focus
group discussions (FGDs) with eight members from different kebeles
included long-term residents, local elders, religious leaders, women,
extension agents, and young farmers. Informal interviews with 20 key
informants from agriculture, livestock, natural resources, forestry,
environmental protection, and water sectors were conducted to vali-
date and expand on the collected information. Additionally, second-
ary data were reviewed from district and kebeles documents, includ-
ing census reports, activity progress reports, archived data, and eco-
nomic information.

2.6. Method of Data Analysis

The result of the study was analyzed and presented by using;
descriptive statistics and Multivariate Probit model. The collected
data were analyzed using both qualitative and quantitative meth-
ods. Descriptive statistics (mean, standard deviation, percent-
ages, and graphs) were used to present socio-economic charac-
teristics, perceptions of climate change, and adaptation strate-
gies. The chi-square test measured associations between cate-
gorical variables and agroecology zones, while the F-test
assessed mean differences in continuous variables among these
zones. Qualitative data from focus group discussions, field obser-
vations, and key informant interviews were presented through
simple narrations.

The present study aimed to identify the factors that determine
climate change adaptation strategies in the study area. Many
studies on farmers' adaptation decisions commonly use analytical
approaches such as multinomial logit (MNL) and multinomial pro-
bit (MNP). These approaches are suitable for evaluating different
combinations of adaptation strategies, including individual strate-
gies [13].

In the MNL model, it is assumed that each farmer faces a set of
discrete and mutually exclusive choices of adaptation measures,
and they choose exactly one adaptation strategy. The model also
assumes the independence of irrelevant alternatives (lI1A) property,
which means that the ratio of probabilities of choosing any two alter-
natives is independent of the attributes of any other alternative in
the choice set [14]. However, in real situations, farmers may choose
more than one adaptation strategy simultaneously, and each strat-
egy are interdependent with others. Therefore, the MNL model may
not be suitable for such cases, and an alternative model that can
address these limitations is needed.

However, this study was employed a multivariate probit
(MVP) model and this is an appealing model of choice behavior
because it allows a flexible correlation structure for the unob-
servable variables because farmers who choose more than one
adaptation strategy at once are so-called mutually inclusive [11].
It is a generalization of the probit model used to estimate sever-
al correlated binary outcomes jointly. The MVP is one form of a
correlated binary response regression model that can simultane-
ously estimate the influence of the set of explanatory variables
on each of the different practices, while allowing for the potential
correlation between unobserved disturbances as well as the
relationship between the adoptions of different practices [15].

The model is based on the multivariate normal distribution and is
recommended in cases of interdependence among the irrelevant
alternatives [16].

The judgment of whether or not to use any adaptation option
could fall under the general framework of its value and produc-
tion improvement capacity. Consider a rational farmer who pur-
sues to improve agricultural productions over a specific time and
must choose among a set of ’j “adaptation options. Hence, the
farmer “i’ decides to use ’;j “adaptation options if the perceived
benefit from option “;’is greater than the utility from other
options (say, k) stated as:

U,jj(ﬁij*&‘) >Ulj(ﬂkXi+€k),k¢j ...................

Where U;; and Uy are the perceived values by farmer i of
adaptation options and k, respectively; X; is a vector of
explanatory variables that influence the choice of the adaptation
option: B, and B« are parameters to be estimated and ¢; ¢, are
the error terms.

Under the revealed preference assumptions, the farmer prac-
tices an adaptation option that generates net benefits and does
not practice an adaptation option otherwise; we can relate the
observable discrete choice of practices to the unobservable con-
tinuous net gain variable as Yij=1 if Uij>0 and Yij=0 if Uij<0. In
this formation, Y is a dichotomous dependent variable taking the
value of 1 when the farmer chooses an adaptation option in
question and 0 otherwise [17].

According to [18] and [17], the MVP econometric approach
that was used for this study is characterized by a set of five bina-
ry dependent variables like Improved crop and Crop diversifica-
tion, using Soil and Water conservation, using Tree planting and
Agroforestry, using Irrigation and water harvesting, and using
fertilizer such that: Y7;8;+¢&;;

i 4R £ £ 20 £

Thus, the econometric approach for this study is by using the
indicator function; the unobserved preferences in Eq. (4) trans-
late into the observed binary outcome equation for each choice
as follow

*
Yij

1if .
Vi ) s >0 (G=Y1,Y2,¥3,Y0Ys) ... eq5

Where Y; = Improved crop and Crop diversification, Y, = Soil
and Water conservation, Y, = Tree planting and Agroforestry, Y,
= lIrrigation and water harvesting, and Y5 = using organic
Fertilizer, X is a vector of explanatory variables, 3, B.,..... Bs, are
conformable parameter vectors, and random error terms ¢;
€2,.....€5 are distributed as multivariate normal distribution with
zero means, unitary variance and an contemporaneous
correlation matrix R=/p;;/, with density O (e;,€,.....€5;R) . The
likelihood contribution for an observation is the J5-variate stan-
dard normal probability:

_(iyar'ﬁ/ J_(iyz'l)x,/”z

Pr(yI,yZ,.,ﬁy5x)=J I(_Z&‘;j_“x'/;j d(€1,€...

...€5,, ZRZ) des...de, de;

Where Z=diag
[2y; — 1,....2y, 1] i, eqb6
The maximum likelihood estimation maximizes the sample
likelihood function, which is a product of probabilities across
sample observations as shown above [17].



2.7. Model Specification and test

Variance Inflation Factor (VIF) was checked for the existence
of multicollinearity between all the explanatory variables includ-
ed in the model using SPSS - version 26.

2.8. Basic definition of dependent

and explanatory variables

Dependent variables: The dependent variables of the present
study were the adaptation options that the farmers employ in
response to climate change. The most common adaptation methods
cited in the literature include different crop varieties, mixed crop and
livestock farming, soil conservation, tree planting, changing planting
dates, diversifying from farm to nonfarm activity, and irrigation [10].
Based on the literature and the researcher’s knowledge in the area,
the study uses the following adaptation strategies improved crop and
crop varieties, tree planting, soil and water conservation, irrigation,
and no adaptation.

Improved crop and Crop diversification (Y1): This implies
planting of duration crop; and drought-tolerant crops and farmers
could change the date of planting crops concerning the change in the
climate (early or late planting) that survive in adverse atmospheric
conditions [19].

Soil and Water Conservation (Y2): Include soil erosion preser-
vation, management and care of the soil to make it suitable for their
crops, dam construction, conservation of rainwater for watering the
crops in times of deficient rain, groundwater harvesting, and ago
forestry [19].

Tree planting and agroforestry (Y3): planting trees for shading,
fuel woods, construction, fruit, preventing erosion, carbon sink, and
€conomic purpose.

Irrigation and water harvesting (Y4): Includes irrigation devel-
opment from rivers or lakes and dams to cope with the challenges of
climate change [19]. It involves the adoption of farmers to build water,
harvesting schemes such as traditional hand-dug or shallow open
wells for the abstraction of groundwater for irrigation, and diversion,
and pumping of spring water to practice irrigation. Solomon et al. [20]
identified the use of irrigation as one strategy for climate change
adaptation

Use of organic fertilizer (Y5): including animal manure,
mulching, green manure, and waste materials (compost) that
enhance/ improve soil fertility and increase productivity as well as
production and this is also important to reduce soil erosion and cli-
mate change impacts.

Explanatory variables: The independent variables were the fac-
tors that affect the choice of adaptation methods to climate change.
Different literature was reviewed on the factors that affect farmers’
choice of adaptation method to climate change. The majority of them
have been focused on household characteristics, farm characteris-
tics, institutional factors, and environmental factors. Accordingly, the
researcher conceded the following as exogenous variables i.e., fac-
tors that influence farmers' choice of adaptation strategies to climate
change.

Age of the household head (AGE): This is a Categorical vari-
able, and this variable was predicted to possess a positive sign.
Obayelu et al. [21] stated that age will influence farmers' efforts to
adapt to climate change. The variable was hypothesized to have
either a positive or a negative effect on the choice of adaptation strat-
egy.

Gender of the household head (SEX): Gender is a dummy vari-
able that indicates zero if the male household head and one other-
wise. The expected sign of this variable was indeterminate.
Hassan&Nhemacjena [22] reported that female-headed households
are more likely to take up climate change adaptation methods.

Education level of the household head (EDU): Education level
increases farmer's ability to induce process and use information and
increases farmers’ willingness to adopt a new technology. According
to Addisu et al. [23] education improves the level of understanding
about climate change adaptation which increases the likelihood of
using drought-tolerant varieties. Therefore, it was hypothesized that
education influences adaptation strategies positively.

Farming experience (FAREX): it is a continuous variable, and it is
assumed that farmers who have more farming experience can adopt
agricultural adaptations earlier than farmers with shorter farming expe-
rience can. Thus, farmers with longer farming experience are expect-
ed to be more knowledgeable and skillful. Hassan&Nhemacjena [22]
reported that more farming experience increases the probability of a
farmer adapting to climate change. Therefore, this variable was
assumed to positively influence adaptation.

Household size (HHS): it is a continuous variable. Household
size is the total number of family members in the household. A siz-
able amount of family members can adapt to the effects of climate
change easily [24]. Research done by Abid et al.[25] also revealed
that the increase in family size increases the likelihood of using SWC
practice and agro-forestry. Therefore, it is expected that household
size was a positive sign for the farmers’ who will be using adaptation
methods to climate change.

Farm income (FARM): farm income is an income return to the
household from farming activities. This will be measured in the form
of Ethiopian Birr. Deressa et al.[10] asserted that as farm income
increases the probability of adopting irrigation, adjusting planting
dates, and using drought-tolerant varieties increases. This is a con-
tinuous variable and is expected a positive sign for the farmers who
used adaptation methods to climate change.

Access to credit service (CREDIT): The availability of cred-
it is important for the farmers to make adaptation strategies.
Credit can be used for the farmers to introduce new technology,
to buy modern crops, fertilizers, and oxen. The study by
Nhemacjena&Hassan [17] demonstrated that access to credit
improves the probability of adopting irrigation, adjusting planting
dates, using different crop varieties, and SWC practices in
response to climate change. Therefore, thus was expected a
positive sign for the farmers’ who used the adaptation method to
climate change and is a dummy variable indicating 1 if the farm-
ers have access to credit and 0 otherwise.

Agricultural extension service (AGRIEXS): This is a formal
service and plays a great role that affecting farmers to adopt strate-
gies in response to climate change. Deressa et al. [10] disclosed
that extension contact enhances the likelihood of using irrigation,
SWC practices, planting trees, and improved variety in response to
climate change. The expected sign was a positive.

Farmer-to-farmer extension service (FFEXTS): This vari-
able is a dummy variable that indicates one if the farmer has
available farm-to-farm extension service zero otherwise. It
serves as a source of information and exchange and sharing of
experience among farmers. Deressa et al. [10] found that access
to farmer-to-farmers” extension services positively affected
adjusting planting date, planting trees, using improved variety,
SWC practices, and irrigation in response to climate change.
This variable is a dummy variable that indicates 1 if the farmer
has available farm-to-farm extension service and 0 otherwise.
The expected sign was a positive

Farm size (FARMSZ): - The farm household withholding big
farmland has more to use adopted and the farm size is meas-
ured in terms of hectares. Tesfoye&Seifu [26] also found that
large landholding increases the use of SWC practice. Therefore,
the variable is continuous, and it was expected a positive sign for



Table 2. Summary of explanatory variable descriptions

Variable Code Type Description Value Exgizcrfed
AGE Categorical Age of HH head 1= 20-40, 2, 41-60, 3,>60 e
DMKT Continuous Market distance Kilometer =
SEX Dummy Sex of HH Head 1 if male 0 female *
CREDIT Dummy Access to Credit 1=yes, 2=No £
CLIMINFOR Dummy Access to climate 1=yes, 2=No +
DFARM Continuous Distance from home to farm Kilometer -
EDU Categorical Educational Level of HH 0 for illiterate, 1= read and write, 2=primary school,3 secondary and above +
FARM Continuous Farmer’s income ETB i
TLU Continuous Livestock holding Tropical-Livestock-Unit &
AGRIEXS Dummy Extension contacts 1=yes, 2= No i
FARMSZ Continuous The area of farmer farm Hectare *
HHS Continuous Farm size of household Years +
FFEXTS Dummy Farmers to contact 1, yes 0 no +
FAREX Continuous Year of farmer experience Years +

the farmers’ who will be using adaptation methods to climate
change.

Livestock holding (TLU): - Livestock is a vital instrument in
the case of climatic change to adopt. This is because livestock
is essential for farm households to use as for harvesting, trans-
portation and also for financial purposes by selling them. This
implies that farmers with more numbers of livestock is the richer
and can respond to the adverse impact of climate change
through adaptation method. Belay et al. [13] revealed that own-
ing large number of livestock in tropical livestock unit increases
farmers® likelihood of planting trees, adjusting planting dates,
and use of SWC practices. This is a continuous variable and is
expected a positive sign for the farmers’ who will be using adap-
tation method to climate change.

Distance from home to the farm (DFARM): This variable is
a continuous variable represented by walking time (in minutes)
from farmers’ residence/home to their farming place. This value
also expected that the farmer whose farm is far from his resi-
dence is less likely to continuously follow up on his farm as com-
pared to those whose farm is nearer to their home. Thus, it is
expected that farmers who live near their farms are likely to have
regular follow-up of their farms, hence motivated to respond to
the impact of climate change on their agricultural activities.
According to Gizaw et al. [27] distance from home to farm
decreases the probability of using improved variety and agro-
forestry. Therefore, it was expected to negatively affect choice of
adaptation strategy.

Distance to the market (DMKT): - This is a continuous vari-
able that measures in terms of time spent from the residence of
farm households to the market area. The residences of farmers
are nearest to the market they get many opportunities as com-
pared to the far ones. Because the nearest one obtains agricul-
tural inputs, information, and experiences. According to Addisu
et al. [23] that distances to the market negatively affected the
use of irrigation. Therefore, this variable was expected a nega-
tive sign for the farmers’ who will be using adaptation methods
to climate change.

Access to climate information (CLIMINFOR): This is a
dummy variable indicating 1 if the household head has access to
climate change and 0 otherwise. Belay et al. [13] also revealed
that the use of SWC practices, adjusting planting dates, and

planting trees in response to climate change is enhanced by
access to climate information. This variable a positive sign for
the farmers’ who will be using adaptation methods to climate
change.

3. Results

3.1. Descriptive summary of a categorical variable

The maijority (68%) of respondents were aged 41-60, while
31% were aged 20-40, and 1% were over 60. In both agro eco-
logical zones, most respondents aged 41-60 were in the active
labor force. Specifically, 20% of those aged 20-40, 71% of those
aged 41-60, and 5.6% of those over 60 lived in the Kola, Woyna
Dega, and Dega agro-climatic zones, respectively. The results
showed that there is no statistically significant association
between respondents' ages and agro ecological zones at the
p<0.01 level.

Most respondents, 188 (87.0%), were male-headed house-
holds, while 28 (13.0%) were female-headed. Results show that
86.1% of male-headed households were in highland (Dega)
zones, whereas 14.3% of female-headed households were in
lowland (Kola) zones. A results show that there is a statistically
significant association between respondents' gender and agro-
climatic zones at p<0.01 (Table 2). Similarly, Minwuye [28] found
significant gender differences between agro ecological zones
using x2 and t-tests.

Most respondents (80.6%) were illiterate, while 17.6%
could read and write, and 1.5% had attended primary school,
with no secondary education represented. Cross-tabulation
by agro-climatic zone showed that 85.7% of illiterate house-
hold heads were in the Kola zone, whereas 5.6% of literate
heads were in the highland zone. A chi-square test indicated
a significant association between education status and agro-
climatic zones at the p<0.05 level. Most respondents (88.5%)
were married, 3.2% were divorced or widowed, and 5.1%
were single. Additionally, 78.7% of respondents used exten-
sion services, while 21.3% did not. Most extension service
users (50.5%) and non-users (16.2%) were in the Dega and
Woyna Dega agro-climatic zones, respectively. A chi-square
test indicated a significant association between extension
service use and agro-climatic zones at the p<0.01 level. This
aligns with Ojo&Baiyegunhi [29] who found that access to



extension services significantly influences farmers' decisions
to participate.

Similarly, the study questions the respondents about the
accessibility of weather information to the farmers. Over two-
thirds (69.4%) of the respondents had access to weather infor-
mation, according to the assessment, while the remaining sam-
ples (30.6%) said that they were unable to obtain the informa-
tion. Many of the accessible respondents (88.9%) are found in a
Dega agroclimatic, while the remaining 85.5% and 72.4% are
found in Kolla and Woyna agroclimatics, respectively, according
to the poll, which shows that weather information is available in
practically all agro-ecologies. The respondents with access to
weather information, as well as those without, are found across
all three agroecological zones. However, most of the respon-
dents are taken from the Woyna dega agro-climatic zones
(26.9%) and the other 14.3% and 11.1% of them are found in
Kola and Dega agro climates, respectively.

As a result shows the accessibility of weather information and
the existence of the diverse agro climate as Kola, Woyna dega,
and Dega areas in the same livelihood source has a significant
association at P<0.01 probability level. A study of Deressa et
al.[10] underlined that access to extension and weather informa-
tion is indispensable to making the right decision to adapt to cli-
mate change and variability. Therefore, the chi-square test result
is consistent with previous studies

3.1.2. Descriptive summery of continuous variables

The survey findings indicated that the average household
size among the respondents was 5.11. Furthermore, when
examining the data based on different agro-climatic zones, it
was observed that the average household size in the lowland
zone was 4.7, while in the Woyna Dega and Dega zones, it was
5.2 and 5.22, respectively. This suggests that the average

household size in the lowland zone was smaller compared to the
overall observation, whereas in the Woyna Dega and Dega
zones, it was larger. An F-test was conducted to assess the dif-
ferences in average household size among the agro-climatic
zones, and the results confirmed that these differences were sta-
tistically significant at a significance level of p<0.01. This finding
aligns with the conclusion reached by Deressa et al. [10] which
states that a larger household size significantly enhances house-
holds' capacity and options to cope with climate change.

The study also calculates the average land holding of the
respondents. It is estimated to be an average of 1.2 hectare in
the study area. It shows there are much higher (1.32 hectare)
and much lower (0.95 hectare) land holding than the average
(1.23 hectare) in the lowland and mid land agro ecologies
respectively. Kola ecological zone has higher in small land
holding size of the household followed by Woyna Dega house-
hold and the high land holding size is highest in Dega agro eco-
logical zone. Furthermore, the applications F- test with the
three groups of agro-climatic showed there are highly signifi-
cant mean differences in farm size of the households in
between Kola, Woyna Dega and Dega agro-climatic agro
ecologies at P< 0.01 probability level This result is parallel with
previous study [28].

The average agricultural experience of the selected house-
holds was 74.4, according to the survey results. According to the
current study, the average farm experience of the Kola, Woyna
Dega, and Dega agro-climatic zones was 25.1, 22.7, and 26.9,
respectively. This revealed that the Dega agro-climatic zones
average agricultural experience was greater than the other two
agro-climatic zone. Furthermore, the Woyna Dega agro-climatic
was less typical agricultural experience than the kola kebele.
According to Hassan&Nhemachena [22] more farming experi-

Table 3. Characteristics of categorical variables of sample respondents

Kola Woyna dega Dega
Variables
Freq % Freq Freq % Total (%) P-value X2
Age 20-40 14 40.0 62 42.8 10 27.8 36.9 0.46ns 4.79
41-60 21 60.0 80 55.2 24 66.7 60.6
>60 0 0.0 3 2 5.6 4.5
Sex Female 6 14.3 38 17.6 5 13.5 13.3 0.00*** 6.05
Male 30 85.7 6 31 86.1 88.7
Educational -
e llliterate 30 85.7 119 82.3 28 7.7 819
Read & write 5 14.3 25 17.2 6 16.7 17.6
Primary ok
sieloal 0 0.0 1 2 5.6 1.9 0.00 8.73
Secondary
o 0 0 0.0 0 0.0 0.0
Marital sta- ;
e Single 2 0.9 4 11 5.1 7.9
Married 53 245 34 15.7 98 454 85.6
Divorced 1 0.5 4 2 0.9 3.2 0.00*** 16.01
Widowed 1 0.5 2 4 1.9 3.2
Extension ok
e No 8 23.9 46 31.7 13 36.1 30.6 0.01 5.29
Yes 27 771 98 67.6 23 63.9 69.4
Av‘;ggtﬁfetf No Yes 5 14.3 39 26.9 4 11.1 17.6 0.00%* 568
Tt 30 85.8 105 724 32 88.9 824

Note: *** refers to significant at p<0.01, ns= non-significant



ence enhances the likelihood of a farmer adjusting to climate
change.

Table 5. Variance Inflation Factor (VIF) for continuous variable

The present study revealed that the average on farm income Variable VIF 1VIF
of the respondgnts .|s 58, 381.3§ Birr. The study found that the AGEHH 180 0.56
lowland agro-climatic had the highest on farm income (92,663
Birr) and the Woyna Dega agro-climatic had the lowest on farm EDULHH 151 066
income (17,063.10 Birr), while the Dega agro-climatic farmers
had an average on farm income of 57,198.30 Birr. Similarly, the HHS 1.18 0.84
study found that the Kola agro-climatic ecology has the greatest
on-farm income earning of 10,047 Birr and the maximum earn- FAMSHH 1.33 0.75
ing of 3,838.00 Birr, with an average earning of 9,273.00 Birr in
the Woyna Dega region. FINCOM 1.19 0.84
Hence, the table shows there are a lower on farm income
than the average in the midland and in the Dega agro-climatic. TLU 1.10 0.91
Additionally, the F-test checked the existence of a highly signifi-
cant mean difference in the three dis aggregated groups of agro- DFARM 1.31 0.77
climatic for on farm income earnings in Semen Bench district M VIF 135
households at P< 0.01 probability level. Studies in Ethiopia by ean ’
Table 4. Characteristics of continuous variables of sample respondents
Variables Kola Woyna Dega Dega Total F-value P-value
Household size 4.7 5.2 5.11 7.69 0.000***
Farm size 0.95 1.23 1.32 1.20 52.3 0.000***
Farm Experience 25.16 22.69 26.89 74.73 43.2 0.967ns
Farm income 92663 17063.10 57198.30 58381.35 19.38 0.001***

*kk

refers to significant at p<0.01, respectively

(30) show that an increase in farm income increases the finan-
cial capacity of rural households to adopt climate change and
variability strategies. Therefore, the F-test result of this study
was similar with the findings of previous studies.

3.2. Determinants of smallholder Farmer's

Adaptation Strategies to climate change in the study area

Model Specification and Test

Before estimating the multinomial probit model, it was
important to look for outliers and determine whether the
explanatory variables under consideration were multi-
collinear. The reason for this is that multicollinearity has a sig-
nificant impact on parameter estimates. If multicollinearity is
shown to be significant, the presence of both variables at the
same time will either weaken or strengthen their respective
impacts. In summary, the coefficients of variable interaction
indicate whether or not one of the two linked variables should
be removed from model analysis [31].

Thus, before estimating the model's parameters, regression
diagnostics were performed to ensure that the regression
assumption was met. The Variance Inflation Factor (VIF) was
examined for the presence of multicollinearity among all
explanatory variables included in the model and was determined
using SPSS - version 26. The variance inflation factor for all
explanatory variables was less than 10, indicating that multi-
collinearity is not a major issue in the model (Table 5).

Furthermore, there was interaction between dummy variables,
which may contribute to multicollinearity. To detect this issue, coef-
ficients of contingency were calculated from survey data. The con-

Table 6. Contingency Coefficients (CC) for Dummy Variables

Variable Contingency Coefficient (CC)
SEXHH 0.2
CRAHH 0.16
CLIMINF 0.15
AEXCHH 0.1
FFEXTS 0.04

tingency coefficients (CC) were calculated using SPSS version 26,
and the results indicated that there was no strong link between the
various discrete explanatory variables, as the respective coeffi-
cients were very low (less than 0.75) (Table 6).

Correlation coefficients

According our finding, farmers utilized various climate change
adaptation practices such as soil and water conservation, crop
diversification, improved crop variety, planting trees and agro-
forestry, organic fertilizer, and irrigation. The success rate of
farmers in implementing adaptation strategies was approximate-
ly 8.2%, while the failure rate was around 0.042% (Table 7).
Adaptation measures protect farmers from losses caused by
temperature and rainfall changes.

The correlation coefficients of the error terms for each pair of
equations should be significant to employ the MVP model. At the
5% significance level, the likelihood ratio test of Rhoij = 0 is sig-
nificant, suggesting that at least one pair of adaptation tech-



Table 7. Correlation matrix of adaptation strategies from the MVP model

Tree planting
and agroforestry

Coef. Coef.
(Std. error) (Std. error)
Rho1 1.000
Rho2 0.0505* 1.000
(0.4606)
Rho3 0.0551* 0.0332*
(0.4207) (0.6280)
Rho4 0.0563* 0.0580*
(0.3396) (0.3961)
Rho5 0.0431* 0.1092
(0.5284) (0.1094)
Predicted probability 0.541 0.389

Joint probability success

Joint probability failure

Likelihood ratio test of rho21 = rho31 = rho41 = rho51 = rho32 = rho42 = rho52 = rho43 = rho53 = rho54 = 0
*** **and*significant at 1%, 5% and 10% probability respectively.

niques has a correlation coefficient that is statistically different
from zero.

As a result, the five combinations' correlation coefficients are
statistically different from zero, indicating that the MVP model
specification is suitable and that the solutions for adapting to cli-
mate change are mutually inclusive (Table 7). This indicates that
the various adaptation strategies employed by farmers have comple-
mentarities (positive correlations) and substitutability (negative correla-

Improved crop and
crops diversified

Irrigation and-water
harvesting

Coef.
(Std. error)

SWC practices Organic fertilizer

Coef.
(Std. error)

Coef.
(Std. error)

1.000
(0.0372* 1.000
(0.1547)
-0.0203** 0.0000"** 1.000
(0.7664) (1.000)
0.478 0.634 0.596
0.082
0.00042

chi2(10) = 19.710*

tions). The many options for adaptation are interdependent. Planting
trees and improved crops, agroforestry and the use of organic fertiliz-
er, agroforestry and irrigation, and the use of improved crops and irri-
gation all have a positive link (complementarity). This suggests that
several adaptation option combinations can be applied simultaneous-
ly. Additionally, these combinations can support one another.
Additionally, there is a negative association (substitutability) between
organic fertilizer and SWC practice utilization.

Table 8. Multivariate probit results of farmers’ climate change adaptation decisions

Climate change adaptation strategy

Tree planting and Improved crop and

Variables

SWC practices

Irrigation and water Organic fertilizer

Agroforestry crop diversification harvesting
Coef. p>z Coef. p>z Coef. p>z Coef. p>z Coef. p>z
SEXHH -432 0.046** .686 0.000*** -.091 0.673 -.025 0.903 -.229 0.310
AGEHH -.0158 0.099* -.011 0.259 -.001 0.919 -.018 0. 053* -.009 0.395
EDULHH -.0173 0.919 .344 0.056* .348 0.033* -.002 0.991 -.031 0.866
HHS .0420 0.337 -.0145 0.723 .091 0.043* .056 0.191 .083 0.081*
FAMSHH .0150 0.092* A77 0.214 210 0.173 242 0.001** 148 0.311
FINCOM -182 0.277 .075 0.062* 295 0.049 ** 2212 0.161 .340 0.030*
TLU .0986 0.074* .051 0.277 .0249 0.626 .098 0.055* 109 0.034*
CRAHH 152 0.496 .389 0.077* 212 0.345 491 0.019** .340 0.030*
AEXCHH .167 0.054* 535 0.025** .034 0.089* 257 0.321 .001 0.996
FFEXTS .340 0.132 .082 0.044* . 097 0.042* 249 0.254 .319 0.185
CLIMINF .004 0.984 .331 0.104 .320 0.015* AT78 0.034* .200 0.375
DFARM -.365 0.094* 118 0.581 -.426 0.061* 141 0.509 317 0.195
FAEXP .0029 0.662 .0199 0.011* .003 0.656 .003 0.585 .013 0.046**
_cons 424 0.634 1.128 0.168 0.209 0.014 .964 0.249 .868 0.336
Number of Observations 216
Log-likelihood -546.344
Wald chi2(70) 107.25
Prob.> chi2 0.000***

*x* **and*significant at 1%, 5% and 10% probability respectively



3.2.1. Determinants of Farmers’ Choice

of Adaptation Strategies

The MVP results showed that the correlation coefficients of error
terms are statistically significant at a 1% significance level, indicating
that climate change adaptation strategies were complementary. Table
(8) displayed the MVP model estimation results as well as the levels of
statistical significance of the components.

At a 1% significance level, the Wald x2(70) and p < 0.000 are sta-
tistically significant, indicating that the model's subset of coefficients is
jointly significant and that the explanatory power of the factors includ-
ed in the model is satisfactory; thus, the MVP model fits the data rea-
sonably well. Similarly, the model is significant because the null hypoth-
esis that the five-climate change adaptation strategy choice decision is
independent was rejected at the 1% significant level. The findings sug-
gested that diverse household and institutional variables influenced
their choice significantly.

Sex of the household head: Sex of the household head affects
the choice of climate change adaptation strategies, where the sex
head of the household was positively associated with the probability of
choosing improved crop and crop diversification and negative influ-
ence on the use of tree planting and agroforestry practice to adapt cli-
mate change generating strategy at less than 1% and 5% level of sig-
nificance respectively. It indicates that males are more highly engaged
in farm activities than females and have better farm experience and
information in the study area. It also implied that males are more likely
to use improved crop and crop diversification practices than females
while females are more likely to adopt home garden agroforestry prac-
tices than males to adapt to climate change.

The reason behind that home garden agroforestry practices are
generally undertaken near home and women are more readily respon-
sible. The other reason is that they invest more time in domestic roles
such as childcare, cooking, washing cloth, gathering firewood, and
fetching water with high participation in low economic value and time-
consuming agricultural activities like weeding and harvesting, so
account for this women are less likely to use improved crop and crop
diversification than male. This finding aligns with the research conduct-
ed by Abraham et al. [32] that women have less access to different
farm activities due to different factors such as culture, energy, and lack
of raw materials in this case they have little bit of contribution to agricul-
tural work, whereas males are more likely to plant diversified crops and
adjust planting date to adapt to climate change.

Age of the household head: The result of the MVP model showed
that the age of the household head was negative significant with the
probability of choosing tree planting and agroforestry and irrigation and
water harvesting as an adaptation strategy to climate change both ata
10% level of significance. It implies that young household heads were
more perform and participated in climate change adaptation strategies.
Due to the reason of young household heads were more energetic,
closest to information technology, and could afford to take the risks
associated with climate change adaptation strategies. In supporting
this Onubuogu et al. [33] also confirmed that younger farmers are more
inclined to actively seek out new technologies and information, there-
by they apply different climate change and variability adaptation strate-
gies.

In contrary to this finding, the study by Atinkut&Mebrat [34] shows
that the age of the respondents had a positive and statistically signifi-
cant relation with climate change adaptation strategies. This implies
that old-aged household heads apply different climate change and
variability adaptation strategies more than those young-aged house-
hold heads because old-aged household heads confront an active
labor force to apply and manage different adaptation strategies. This
reflects that old-aged household heads most of time come up with their

previous knowledge and they are not keen to adopt new and most
recent demonstrate.

Education levels of the household head: The result of the MVP
model showed that the education level of the household head was
found to be significantly and positively related to using improved crops
and diversified crops and SWC practice. This indicates that those farm-
ers who have more educational levels were more likely to adapt to cli-
mate change using SWC and improved crops and diversified crops by
acquiring high self-employment activities than those do have lower
educational levels. The reason is that the household head who attends
education can more likely choose climate change adaptation strategies
as education equips them with more skills and knowledge about differ-
ent drought-resistant and pest and diseases-resistant crops and SWC
practices activities.

This result was consistence with the finding of (20) who found
that the highest level of education in the household head was
more likely to understanding climate change adaptation strategy,
so the likelihood of using drought tolerant and short-season vari-
ety crops increases. A study by Abraham et al. [32] also con-
firmed that education has a positive significance on the use of
SWC practices because it is likely to increase farmers' ability to
receive, understand, and gather information important to make
innovative and investigative decisions in the farms. Moreover,
the educational level of the household head increases the
knowledge of smallholder farmers about the adverse effects of
climate change and climate change adaptation strategies [35].

Household size: The households that have large family sizes have
a probability of choosing farm SWC practices and use of organic fertil-
izer as climate adaptation strategy less than 5% and 10% significance
levels respectively. This indicated that when family size increases the
household labor increases proportionally. This also leads that a higher
demand for special needs in the household which implies that an addi-
tional member to the household increases the probability to participate
in climate change adaptation i.e., SWC practice and use of organic fer-
tilizers as climate change adaptation activities in order to meet basic
needs to the family. The reason for this trend is that larger family sizes
provide more labor resources, which can be utilized to carry out adap-
tation practices. This, in turn, reduces the labor costs associated with
implementing these practices.

The result strongly agrees with Onubuogu et al. [33] that farmers
with larger family sizes are more likely to adopt soil and water conser-
vation practices and use organic fertilizer than farmers having small
family sizes. This finding contradicts the research conducted by
Obayelu et al [20] who found that farmers with larger family sizes might
allocate some of their labor to non-farm economic activities to gener-
ate additional income.

Landholding size: The MVP model revealed that the farm size of
the household was found to be significant and positively related to the
use of tree planting and agro-forestry and irrigation and water harvest-
ing. This implies that households who have more hectares of land are
more likely to join agroforestry and tree-planting activities and irrigation.
As a result, those farmers who have relatively larger areas of farm size
tend to involve more in farming activities than those households who
have smaller areas of land to cultivate. The reason is that households
that have large farm size enable the farmer to adopt different tree plant-
ing and agro-forestry and irrigation and water harvesting activities.
According to the focus group discussions, the other reason is that farm-
ers with very limited land area cannot use agro-forestry. It is primarily
because they generate consumer goods on their farms. Furthermore,
farms of some households with limited landholdings are less well suit-
ed for the use of irrigation and agroforestry practices.

This result agrees with the study of Nhemachena&Hassan [17]
who noted an increase in landholding increases the likelihood of



applying irrigation in response to climate change. The findings of
Marie et al. [3] also found that farmers who have a large farm size are
more likely to apply any adaptation decisions because they have the
resources to implement new agricultural technology. The findings of
this study are also confirmed by Pello et al. [36] who reported that an
increase in farmers’ farm size led to a rise in the adoption of AF
among contact farmers.

This finding contradicts the previous research conducted by
Amare&Simane [37] who found that farmers with large farms were
more inclined to take on the risk of climate change and invest in
adaptation practices. The researchers suggested that farmers with
large plots of land may have more confidence in their ability to han-
dle the impacts of climate change and therefore may not worry as
much about implementing adaptation practices. It is also contrary to
Shiferaw [30] that large landholding size decreases the use of irriga-
tion while it is similar with the same author regarding the positive
effect of landholding size on the use of agro-forestry in response to
climate change.

Farm income: Farm income has a positive and significant influ-
ence on the likelihood of choosing improved crops and crop diversi-
fication, SWC practices, and use of organic fertilizers at less than
10%, 5%, and 5% levels of significance respectively. This result
implies that households having large farm incomes are more likely to
diversify the use of their adaptation strategy to climate change. This
result showed that those farmers with low farm income are less like-
ly to participate in adaptation strategies for climate change. Those
farmers who have adequate farm income can overcome financial
constraints to engage in alternative adaptation strategy activities. On
the other hand, on-farm income strengthens the financial capacity of
smallholder farmers to adopt climate change adaptation strategies by
investing more money in technology procurement and implementa-
tion.

Additionally, farmers that have better farm income have more
chance to adopt climate change adaptation strategies than farmers
with less income. Farm income enables the farmer to perceive and
adapt to climate change by devoting more money for the purchase of
seeds and seedlings whenever rain comes, buying a drought toler-
ant variety and apparatus for the use of SWC practice and irrigation
at a higher price. Contentedly, Deressa et al. [10] support a result
who confirmed that as farm income increases the probability of
choosing improved crops and crop diversification, SWC practices,
and use of inorganic fertilizers increases. The findings of Marie et al.
[3] revealed that a unit increase in total annual farm income increased
farmers' probability to adopt a climate change adaptation strategy by
a factor of one.

Livestock ownership: Ownership of livestock was statistical-
ly significant and positively influenced the probability of choosing
agroforestry, irrigation, and use of organic fertilizers to adapt to
climate changes less at 10%, 10%, and 5% levels of significance
respectively. This implies that households that have a greater
number of livestock in tropical livestock units are more likely to
adapt to climate change. The reason behind this is that house-
holds that have a greater number of livestock enable them to
earn more income from livestock production, therefore, they
highly participate in climate change adaptation activities, this
also can be attributed to the fact that farmers who own large live-
stock can invest their income from livestock into purchasing
agroforestry materials, irrigation facilities, animal manure and
agricultural inputs. This is consistent with the study of Abraham
et al. [32] who reported that households with more livestock
holding can participate in climate change adaptation activities
putting them in a better position than those households with a
small size of livestock hold.

Access to credit: Access to credit was statistically significant and
had a positive effect on choosing improved crops, irrigation, and
organic fertilizer as an adaptation strategy to climate change at less
than 10%, 5%, and 5% levels of significance respectively. Farmers
who have credit accessibility were more likely to adopt those climate
change adaptation strategies. Also, this indicated that affordable
credit increases the financial resources of farmers and their ability to
meet transaction costs associated with various adaptation options
they might want to take. It enables farmers to change their manage-
ment practices in response to changing climatic factors and to buy
drought-tolerant varieties of crops, irrigation technologies like water
pumps, and other inputs to smoothen production and reduce the
negative impact of climate change.

This finding is aligned with Gadedjisso-Tossow et al. [38]
study which indicates that farmers who have access to cred-
it are more inclined to embrace the cultivation of short-sea-
son varieties. It is also consistent with the work of
Nhemachena&Hassan [17] who strongly advocated the pos-
itive effect of access to credit on the probability of adopting
irrigation, use of fertilizer, and using different crop varieties
in response to climate change by strengthening their finan-
cial capacity.

Extension visits: The model results show that access to exten-
sion service had positive and statistical associations on choosing
agroforestry, improved crop, and SWC practices at less than 10%,
5%, and 10% significance levels respectively. This entails that hav-
ing extension service access increases the probability of adopting cli-
mate change adaptation strategies. The reason is that the extension
service provides the necessary information so that farmers are able
to acquire new skills and knowledge that help to adapt different adap-
tation strategies to improve their living standards and to improve cli-
mate-smart. In this case extension service users could adopt climate
change adaptation strategies, and have the better technical skills to
manipulate improved technologies and the opportunity cost of not
adopting climate change adaptation strategies.

In addition to this, extension service providers give training for
farm households about climate change, its effect on farm production
and productivity, possible measures to cope with clime change
adverse effects, and the advantages of climate change adaptation
strategies that would increase their awareness of adaptation strate-
gies. Therefore, extension service acts as a bridge to fill the gap in
farm households’ perception of climate change and its effect on farm
production and productivity and remedial measures.

In line with this as discussed by Pello et al. [36] access to exten-
sion services increases farmers’ knowledge of climate change adap-
tation strategies through field visits, experience sharing, and practical
application of best practices. This implies that extension service
users have a higher probability of adopting climate change adapta-
tion strategies than extension service non-users. This finding contra-
dicts other studies, such as the one conducted by Tesfaye&Seifu [26]
which suggested that farmers who have contact with extension serv-
ices and cultivate different crops are more likely to prioritize profitabil-
ity over climate change risk adaptation practices.

Farmer-to-Farmer extension: Farmer-to-farmer extension has a
statically significant and positive influence on choosing improved
crops and SWC practice both at less than 5% of significant level. This
indicates that farmers who have access to farm-to-farm extension
services were more likely to adapt to climate change through
improved crop and diversification crops and SWC practices. The rea-
son is that farmers have a high chance to meet and communicate
with their friends that have to enables them to share experiences
about and collectively apply SWC practices. Further, it serves as a
source of information and experience sharing among the farmers



about the selection of improved and diversified crops and SWC prac-
tices. This result is supported by Deressa et al. [10] who found that
accessibility to farmers-to-farmers extension services has positively
influenced improved crop and SWC practices in response to climate
change.

Access to climate information: Access to weather information
had positive and statistical affected using improved crop and SWC
practices both at p<0.05 significance level. This implies that access
to weather and climate information is crucial to easily introduce and
implement climate change adaptation strategies. The reason is farm-
ers who have access to climate-related information from different
media like newspapers, manganese radio, and television are more
likely to use improved crop varieties and SWC practices as an adap-
tation strategy in response to climate change. This awareness poses
a question of how to respond adverse effects of climate change. Most
likely, the reason is that access to climate information permits one to
perceive the change and choose appropriate strategies in response
to climate change. Therefore, weather and climate information users
have a better understanding of climate change and its effect on crop
and livestock production and productivity.

Farmers who have access to up-to-date climate information
are more likely to be motivated and make informed decisions to
adopt adaptation practices to mitigate the risks associated with cli-
mate change, compared to farmers who do not have access to
such information. [39] that confirmed access to climate informa-
tion increases the use of irrigation supported this finding. From the
focus group discussion, radio is the major source from which
farmers obtain climate-related information. It is also supported by
Destaw&Fenta [40] that access to climate information improves
rural households’ awareness and knowledge of the climate and
variability besides the role of adaptation measures.

The average distance from home to the farm: The average
distance of the farm from farmers' homes was statistically signifi-
cant and negatively influenced by the use of agroforestry and
SWC practices, both at less than 10% of the significant level. This
implies that since the farm of the farmer is located far from her or
his house, he or she is less likely to use agroforestry and SWC
practices as an adaptation option to climate change. The reason
is that farmers whose farms are far from their homes cannot fre-
quently follow up on their farms as compared to those whose
farms are nearer to their homes. In support of this, a study by
Geremew et al. [41] found that agroforestry practices need due
management and more follow-up. Therefore, those farmers
whose farm is on average far from their home are less likely to use
agroforestry as an adaptation strategy because they cannot easi-
ly manage these investments.

Farmer experience: The MVP result indicated that farming
experience has positive and significant effects on improved crops
and diversified crops, and the use of organic fertilizer by farmers
with much farming experience can increase the probability of
using adaptation strategies. This indicated that farmers who had
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