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Introduction: The objective of this research was to assess the trends and variability

in the BakoTibe district as well as raise awareness among rural farmers.

Methods: The sample of homes included 141 out of 29 participants, all from

families headed by a female. The Mann-Kendall trend test and the Sen-slope

estimator were used to assess the trend of annual minimum and maximum

temperatures and seasonal precipitation for the study areas.

Results and discussion: The year, summer, and spring climate variability results

were examined, and the CV of spring precipitation was found to be 34.8%,

indicating high variability of rainfall. Spring precipitation was more unstable

than summer precipitation. Statistically, total annual precipitation, the summer

season, and the autumn season all showed positive or no significant trends, while

spring and winter precipitation both showed a negative or decreasing trend. The

probability of 7, 10, 15, and 20-day dry spells in June, July, August, and September

during the main rainy season (summer) was zero. The chance of a 20-day dry spell

occurrence was highest fromMarch 1 (61 days) to April 23 (115 days), lowest from

April 23 (130 days) to June, July, August, and September 20 (265 days), and highest

after the end of September. The dry period lasted 15 days, beginning on March 1

(61 days), ending on May 8 (130 days), and returning to zero from May 8 (130

days) to June, July, August, and September 5 (250 days). The probability of a 10-

day dry spell began in March (61) and ended on May 23 (145), with the 7-day dry

spell ending on June 23 (160). In this study, annual precipitation and temperature

values from 2010 to 2019 were examined. Precipitation and temperature have a

positive and significant relationship with corn and te�. Approximately 65.2% of the

population reported late precipitation, while 34.8% reported no late precipitation.

A premature end to the rains a�ected the livelihoods of ∼73% of those polled.

Crop diversification, terracing, tree planting, irrigation cultivation for precocious

crops, and non-agricultural activities have all been used to adapt to the e�ects of

climate variability and change.
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1. Introduction

Smallholder farmers’ decisions about which adaptation alternatives to use in

response to climate change and variability are influenced by socioeconomic, institutional,

and environmental factors, implying that small-scale irrigation, agronomic methods,

livelihood diversification, soil conditions, and water conditions influence decision patterns.
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Conservation measures are the most commonly used adaptation

strategies among smallholder farmers to mitigate the negative

effects of climate change and variability (Abayineh and Belay,

2017). Climate change and labor turnover are now local and global

phenomena. Drought, torrential rain, heat waves, and dry spells

affect the majority of rural Africa, and their impact is now felt on

virtually all scales and in all regions (Adger, 2000).

Climate variability is widely regarded as one of themost difficult

and complex issues confronting the world today (Woodward

et al., 2014). The risks are extremely high, and the consequences

would significantly increase the developmental barriers to ensuring

livelihood security and poverty eradication in the majority of

Sub-Saharan African (SSA) countries (Woodward et al., 2014).

Because of their reliance on rain-fed agricultural output and limited

adaptive capability due to socioeconomic constraints, most tropical

regions around the world are vulnerable to climate unpredictability

(Arpita et al., 2019). Climate variability and extreme events affect

livelihood vulnerability, but several biophysical and social factors

(Feyissa et al., 2018) also influence it. This means that a system is

vulnerable if it is exposed to the effects of climate variability and

catastrophic events while also having limited adaptive capability

(Selvaraju, 2012). Ethiopian households’ livelihoods are adversely

affected because they rely on rain-fed agriculture and face

issues related to climatic variability and extremes (World Bank,

2010). Droughts are becoming more common, as are other

environmental issues such as land degradation, deforestation,

overgrazing, and biodiversity loss, all of which have an impact

on the livelihoods of rural communities (Mekonnen et al., 2019).

Farmers in most SSA regions identify and describe decreasing

precipitation levels and rising air temperatures as the most

common indicators of climate variability (Tesfahunegn et al.,

2016; Ochieng et al., 2017). Farmers have reported changes

in precipitation amount, distribution, and timing, such as late

onset and early cessation, resulting in shifted cropping calendars

and shorter cropping seasons, reducing agricultural production

significantly (Mubiru et al., 2018). Despite Ethiopia’s unpredictable

precipitation, which causes frequent droughts and severe soil

degradation, agricultural production drives the country’s economy

(EPCC, 2015). The industry is the largest contributor to food

security, accounting for 38.5% of GDP, 85% of employment, 90%

of export revenues, and 80.2% of population income (CSA, 2013;

NPC, 2016).

According to the study, smallholder farmers in different parts of

Ethiopia face a wide range of climatic variations and change-related

problems. Some of the issues are reduced or irregular precipitation,

rising temperatures, short growing seasons, pests and diseases of

agriculture and livestock, weed infestations, floods, water scarcity,

and land degradation (Wagesho et al., 2013; Alemayehu and

Bewket, 2017). Climate change is contributing to lower agricultural

productivity, and without proper farming practices, the local

sector’s long-term viability is negatively impacted (Arragaw and

Woldeamlak, 2016; Popoola et al., 2017).

To overcome the problem, smallholder farmers use crop

and livestock diversification, soil and water conservation, tree

planting, changing the planting date based on area climatic

conditions, functional climate-related nutrient applications,

perennial agroforestry systems, and irrigation, which are among

Ethiopian farmers’ “sodbuster” methods to combat this problem

(Gebrehiwot and van der Veen, 2013; Tessema et al., 2013).

Estimating agricultural acreage and yield is one of the most

essential concerns that policymakers and decision-makers require

for analyzing annual crop productivity and food supply, and it

allows for the estimation of these crop production characteristics

across wide geographic areas (Gowhar et al., 2022).

Furthermore, crop production and the livelihoods of

smallholder subsistence farmers suffer because of shortfalls in

rainfall caused by climate change. As a result, accurate and timely

predictions of climatic conditions have had good effects in the

research area, and some adaptive mechanisms to deal with climatic

extremes have been adopted (Arpita et al., 2019). The influence

on rainfall and soil moisture, an increase in temperature range,

and the episodes producing intra-seasonal fluctuation make

further investigation critical for sustainable livelihood systems

(Netrananda et al., 2020).

The majority of people in the Bako Tibe areas rely on a

mixed farming system that is inherently climate-sensitive, so

climate variability affects their livelihoods as well. Droughts, food

insecurity, low crop yields, livestock deaths, and even famine are

all symptoms of this effect in the study area. Because agriculture

is the primary source of income for the rural population, even

minor variations in rainfall intensity or amount pose a serious

problem. Temperature fluctuations, as well as irregular rainfall

throughout the year and season, have an impact on the agricultural

sector, which is primarily supported by rainfall. As a result,

agriculture is critical to the economic and social health of rural

livelihoods. The effects of climate variability on smallholder

farmers’ livelihoods and adaptation practices have not previously

been investigated. As a result, this study was initiated to assess the

impact of climate variability on smallholder farmers’ livelihoods

and adaptation practices in Ethiopia’s Oromia region’s western

Shewa zone.

2. Methods

2.1. Study area, design, and period

The study was carried out in the Bako Tibe area of Oromia

Regional State’s West Shewa Zone (Figure 1). The Bako Tibe

districts are located 251 km west of Addis Abeba, at an elevation

of 1,650m above sea level, between 8◦ 56′ 00" and 9◦ 06′ 00"

N latitude and 37◦ 01′ 00" and 37◦ 12′ 00" E longitude. Chaliya

district is bordered on the east by the district; Gobu Seyo district is

bordered on the west by the district; Gudaya Bila district is bordered

on the north by the district; and Biloboshe district is bordered

on the south by the district. The district has 123,558 residents,

with 61,266 males and 62,292 females, for a total household size

of 22,851 (CSA, 2010). A survey study design was chosen to

obtain and provide detailed data on the current situation of the

subjects under consideration. As a result, the study employed

a straightforward quantitative research approach. This strategy

was used to gather a wealth of information about the subject

under consideration.

Frontiers inClimate 02 frontiersin.org

https://doi.org/10.3389/fclim.2023.1237144
https://www.frontiersin.org/journals/climate
https://www.frontiersin.org


Hordofa and Yazew 10.3389/fclim.2023.1237144

FIGURE 1

Map of the study area.

2.2. Sources of data and data collection
instruments

To collect primary data, questionnaires, interviews, and field

observations were used. Secondary data was gathered from the

metrological station and the agricultural administration office, as

well as crop output and livestock statistics.

2.3. Eligibility

2.3.1. Inclusion criteria
The study included kebele households.

2.3.2. Exclusion criteria
Non-participating households whose their age is <18 years old

and not information about climate variablity were excluded from

the study.

2.4. Sample size and sampling techniques

The study concentrated on three “kebeles”, chosen at random

from 32 in the district. Dambi Dima, Guto Meti, and Oda

Gudaya were chosen several times based on their agro ecological

distinctions (lowland, midland, and highland) (Table 1). The study

employs an alternative stratified sampling technique to collect

sorted socioeconomic data (age, gender, education, and so on) from

sodbuster farmers in the study area. Questionnaires for this study

TABLE 1 Selection of sample households from three selected kebeles.

Sample
kebeles

Household
size

Household
sample

Total
(%)

Sample
(%)

Dambi Dima 740 46 32.6 6.2

Guto Meti 823 51 36.2 6.2

Oda Gudaya 701 44 31.2 6.3

Total 2,264 141 100 6.2

were developed from different related articles, and local language

(Afaan Oromoo) was used to collect data from each study subject.

The Kothari sample size determination formula was used to

calculate the sample size (Kothari, 2004). This was a modern

and straightforward method of determining sample size based on

home size.

n = z2∗p∗q∗N/e2 (N− 1)+ z2∗p∗q

Where; n = sample size, N = size of the household head unit

in kebeles, e = acceptable error (the precision error) = 0.08, p =
standard deviation of the population (0.5), z = standard variant at

a given confidence level (1.96).

2.5. Statistical analysis

2.5.1. Climate of the study area
Ground observation data obtained from the National

Meteorology Agency was used to characterize the daily climate

of the study area (1984–2019). The characterization focused on
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determining information on the start of the rain, the maximum

rain date, the duration, the dry/wet period, and thus the variety

of rainy days using specified criteria. The climate variables were

analyzed using INSTAT v3.37.

2.5.2. Variability analysis
The coefficient of variation (CV) and standard deviation (SD)

were used to analyze past and future intra-seasonal precipitation

indices (SD).

The coefficient of variation (CV) was calculated as

CV =
SD

X
∗100 (1)

CV (%) values are classified as follows by Hare (1983): 20% as

less variable, 20–30% as moderately variable, and >30% as highly

variable. SD can be calculated as follows:

SD =

√

√

√

√

√

√











n
∑

i=1

1
(

Xi − X
)2

n











(2)

The standard deviation, on the other hand, was calculated as

the square root of the variance. The stability of precipitation is

examined using Reddy’s (1990) classification: when the standard

deviation is 10, it is very stable; 10–20 is high stability; 20–40 is

moderate stability; and >40 is less stable.

2.5.3. Probability of the in-season dry spell risks
If the previous day had been dry, the probability of a prolonged

dry spell was calculated; if the previous day had been rainy,

the probability of a prolonged rainy spell was calculated on a

conditional basis known as a Markov chain (Stern and Cooper,

2011). To provide an overview of dry spell hazards during the

crop-growing season and realistic decision support to various

practitioners, the Markov chain model was used to predict the

probability of dry spell lengths of 5, 7, 10, 15, and 20 days during

the crop-growing season. The Ethiopian National Meteorological

Agency is used to calculate the number of rainy days and the length

of dry spells. A rainy day occurs when it rains 1mm ormore (NMA,

2001). The number of rainy days was counted every year from

June 1 to September 30 during the “Ganna” (summer season). In

addition, the length of the dry spell was calculated by counting the

number of consecutive dry days (days with<1mmof precipitation)

in “Ganna” (summer season).

In a Markov chain analysis of the watershed’s dry spell, the

following expression was utilized (Reddy et al., 2008).

Pd =
Fd

n
(3)

Pw =
Fw

n
(4)

Pww =
Fww

Fw
(5)

Pdd =
Fdd

Fw
(6)

Pwd = 1− Pdd (7)

Pdw = 1− Pww (8)

Where; Pd is the probability of the day being dry; Fd is the

number of dry days; Pw is the probability of the day being wet;

Fw is the number of wet days; n is the number of observations;

Pww is the probability of a wet day followed by other wet days;

Few is the number of wet days followed by other wet days; Pdd

is the probability of a dry day followed by other dry days; Pdw is

the probability of a wet day followed by other dry days; Pwd is

the probability of a dry day followed by other wet days; and Fdd

is the number of a dry day followed by another dry day of the

growing season.

2.5.4. Rainfall and temperature trend analysis
The Mann-Kendall trend test and Sen’s slope estimator were

used to examine the trend of the studied areas’ yearly minimum and

maximum temperatures and seasonal precipitation. The Mann-

Kendall test approach is a non-parametric test approach that

has been widely utilized in meteorological time series data and

identification studies to determine the importance of a trend and,

more particularly, whether a trend exists (Wang et al., 2007;

Karaburun et al., 2011; Kendall, 2015). Mann (1945) suggested

the test, which has been widely used with environmental time

series. There are two benefits to using this test. For starters, a

non-parametric test does not require regularly distributed data.

Second, the test is impervious to abrupt breakdowns caused by

inhomogeneous time series. The null hypothesis H0 in this test

assumes that there is no trend (the data is independent and

randomly organized). Addisu et al. (2015) define theMann-Kendall

statistic (S) as the sum of the number of positive differences minus

the number of negative differences:

S =
∑N−1

i=1

∑N

j=i+1
sgn(xj − xi) (9)

Where S is the Mann-Kendall statistics of a time series’

sequential data values in years i and j (j > i) and N represents the

time series length. A positive S value shows an increasing trend in

the data series, while a negative value indicates a decreasing trend.

The sign function is given as

sgn(xj − xi) =











+1 if(xj − xi) > 0

0 if
(

xj − xi
)

= 0

−1 if (xj − xi) < 0

(10)

For n > 10, the distribution approximates the standard normal

distribution (Yenigun et al., 2008). Kendall (1975) describes the

normal approximation test as a test procedure. This test assumes

that the values in the dataset are minimally connected and is
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computed as follows: First, the variance of S was calculated using

the following equation, which takes ties into account:

VAR (S) =
1

18



n (n− 1) (2n+ 5) −
q

∑

p=1

tp
(

tp − 1
) (

2tp + 5
)





(11)

Here, q is the number of tied groups, and tp is the number of

data values in the pth group. The values of S and VAR(S) are used

to compute the test statistic Z as follows:

Z =











s−1√
var(s)

−−−−s > 1

0−−−−−−− s = 0
s−1√
var(s)

−−−−− s < 1)

(12)

If there are n values xj in the time series, we get as many as N=
n (n-1)/2 in the slope estimate Qi. Sen’s estimator of the slope is the

median of these N values of Qi. The N-values of Q are ranked from

the smallest to the largest, and the Sen’s estimator is:

Q = Q[(N+1)/2], if N is odd

Q =
1

2

(

Q[N/2] +Q[(N+2)/2]

)

, if N is even. (13)

The impact of climate variability and change on smallholder

livelihoods was investigated using a multiple linear regression

model. The different applications of a standardized period between

the two datasets were accounted for by gaps in the production crop

data. Multiple regression models have been used to study the effects

and impacts of climate variability and change on food production

(Greene, 2003). Multiple regression equations were used because

they allow for the modeling of associations between two or more

explanatory factors and a response variable. Themultiple regression

models are written as follows:

Y = β0+ β1X1+ β2X2+ ··· + βpXp+ ε. (14)

Where; the parameter β0 is the y-intercept, which represents the

expected value of Y when each X is zero (0). The other parameters,

β1, β2... βp in the multiple regression equation, are sometimes

called partial slopes.

Descriptive statistics were used to examine the farmers’

adaptation practices. The data from the questionnaire were

coded and entered into a computer using the Social Science

Statistics Package (SPSS version), which included percentages,

charts, averages, and frequencies.

3. Results

3.1. Demographic and socio-economic
characteristics of the respondents

3.1.1. Age characteristics
In terms of age distribution, the majority of respondents (33.5

and 30.7%, respectively) belonged to the adult population aged 40–

45 years and 46–50 years, with 22 and 14.2% belonging to the 51–55

and 56–60 age groups, respectively (Table 2).

TABLE 2 Age characteristics of the respondents.

Characteristics Frequency (n) Percentage (%)

40–45 47 33.5

46–50 43 30.7

51–55 31 22

56–60 20 14.2

Total 141 100

3.1.2. Sex characteristics
Male headed 79% of the sampled households, while female

headed 21%. Women became family heads after their husbands

died, and they moved away from their native homes (Table 3).

3.1.3. Educational characteristics
About 30% of respondents said they had finished primary

school; 17% had finished high school; and 46.8% of household

heads said they had no formal education. As a result, they cannot

read or write, and only 6% have completed college. In general, 53%

of those polled were literate, while 48% were illiterate (Table 4).

3.1.4. Farmland size
As one of the most important factors determining the level of

smallholder farmers in the study region, land was one of the most

important resources for the families in the area. Around 24.8% of

the total household respondents have 0.5 ha, 42.6% have 1 ha, 24.8%

have 1–1.5 ha, and 7.8% have 2 ha (Table 5).

3.1.5. Household livelihoods
Crop production has increased by 23.4% among respondents,

livestock rearing by 22.7%, and crop and cattle production by

40.4%, and off-farm activities by 13.5% (Table 6).

3.2. The onset of rains, the end date of rain,
the length of the growing period, and the
number of rainy days

The computation of onset, end, and length of the growing

period (LGP) was performed by following the input format for

days of the year for a year’s daily precipitation data of 35 (1984–

2019) years for rain stations in Bako. Table 7 shows that the

minimum onset date was 144 days (May 23–July 26), the maximum

onset date was 209 days (July 26–August 26), and the mean,

standard deviation, and coefficient of variation of precipitation

onset were 152 days, 11.7 days, and 7.7%, respectively. The

maximum, minimum, mean, standard deviation (SD), and CV

end dates in this study were 324 days (November 2018), 260 days

(September 2015), and 293 days (October 2018), representing 15.5

and 5.3%, respectively. The crop was ripe on November 18th and

October 18th, so the end date of the maximum and mean rainy

days was not favorable. LGP, coefficient of variation (CV) was 14%.
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TABLE 3 Sex characteristics of respondents.

Characteristics Frequency (n) Percentage (%)

Sex Male 112 79

Female 29 21

Total 141 100

TABLE 4 The educational level of the respondents.

Sex Frequency
(n)

Percent
(%)

Household

educational level

No education Male 48 34

Female 18 12.8

Total 66 46.8

Primary level Male 34 24

Female 8 6

Total 42 30

Secondary

school

Male 21 15

Female 3 2

Total 24 17

College or

University

Male 9 6

Female - -

Total 9 6

TABLE 5 Distribution of sample household farmland size.

Landholding size (ha) Frequency (n) Percent (%)

0.5 35 24.8

1 60 42.6

1–1.5 35 24.8

2 11 7.8

Total 141 100

TABLE 6 Distribution of sample household livelihood.

Smallholder farmers
livelihood

Frequency (n) Percent (%)

Crop production 33 23.4

Cattle rearing 32 22.7

Crop and cattle 57 40.4

Off-farm activities 19 13.5

Total 141 100

The LGP is one of the harvest’s maturity indicators. In this study

area, the maximum, minimum, mean, standard deviation, and CV

with the number of rainy days were 209 days (July 26), 124 days

(May 3), and 136 days (May 14), or 17 and 12.6% of seasonal

precipitation, respectively.

3.2.1. Probability of the in-season dry spell risks
The probability of dry spell occurrence for the Bako station was

shown for the spring (DOY = 61–150) and summer (DOY = 150–

265) seasons. Dry period lengths of 5, 7, 10, 15, and 20 days were

considered. Observations of precipitation data revealed that the

likelihood of dry spells occurring during the growing season varied

from month to month. During the main rainy season (summer),

the likelihood of 7, 10, 15, and 20-day dry spells was zero in June,

July, August, and September, but it was>0 for a 5-day dry spell. The

chance of a 20-day dry spell occurrence was highest from March 1

(61 days) to April 23 (115 days), lowest from April 23 (130 days)

to June, July, August, and September 20 (265 days), and highest

after the end of September. The dry period lasted 15 days, from

March 1 (61 days) to May 8 (130 days), and then dropped to zero

from May 8 (130 days) to June, July, August, and September 5 (250

days). The probability of a 10-day dry spell began inMarch (61) and

ended on May 23 (145), with the 7-day dry spell ending on June 23

(160). The probability of dry spells was also shown in percentages:

the 5-day dry spell was 100%, the 7-day dry spell was 98%, the 10-

day dry spell was 78%, the probability of a 15-day dry spell was

39%, and the probability of dryness within 20 days was around

18%. Summer has a higher probability of dry periods in general

(Figure 2).

3.2.2. Rainfall trend analysis
For the annual precipitation in the spring, autumn-

winter, and summer seasons, the Mann-Kendall trend and

Sen’s slope analysis were performed. Three months out

of the year have significant trend-based rainfall records

in the study area. Statistically, total annual rainfall, the

summer season, and the autumn season all showed positive

trends, with the autumn season being non-significant; spring

and winter rainfall both showed negative and decreasing

trends and were not significant at 95% in the study area

(Table 8).

3.3. Farmer perception of rainfall in the
study area

Furthermore, the majority of respondents agreed that there was

variability in rainfall amount and distribution. Unusual dry spells

in the summer and spring have become a common occurrence

over the last three decades. Furthermore, rainfall is uneven, and the

growing season has previously been shortened (Table 9). According

to one expert, there has been a shift in the agricultural calendar due

to changes in the tin end, onset days, and months of rain, which

have reflected their negative outlook for the future, particularly in

the agricultural sector.

According to the households surveyed, the precipitation

intensity over the last three decades was 44.7% high, 28.4%

medium, and 26.9% low. A household survey also reported

precipitation patterns as a function of drought severity and

duration (Table 10). About 46.8% were affected by high drought,

35.5% by medium drought, 17.7% by low drought severity, 26% by

high longevity, 52% by medium drought, and 22% by drought. The
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TABLE 7 Descriptive statistics of important precipitation characteristics at Bako weather station.

Seasonal precipitation Min Quartile 1 Quartile 2 Quartile 3 Max Mean SD CV

Features 25ile Media 75ile

SOS (DOY) 144 146 150 153 209 152 11.7 7.7

EOS (DOY) 260 285 292 304 324 293 15.5 5.3

LGP (Day) 81 130 138 154 175 140 19.8 14.1

NRD (Day) 124 127 130 136 209 136 17 12.6

TARF total (mm) 850 1,135 1,278 1,422 1,684 1,276 200 15.7

MAM total (mm) 80 176 244 314 430 245 85 34.8

JJAS total (mm) 517 775 899 997 1,183 884 156 17.7

SOS, start of season; EOS, End of season; LGP, Length of the growing period; NRD, number of rainy day; TARF, total annual rainfall; MAM, March, April, May; JJAS, June, July, August,

September; DOY, Day of year.

FIGURE 2

Probability of a dry spell.

households in the sample were asked to identify the manifestations

of precipitation changes over the previous 35 years. Precipitation

began late and ended early compared to 35 years ago (Table 6).

Approximately 65.2% of the population reported late

precipitation, while 34.8% reported no late precipitation. A

premature end to the rains affected the livelihoods of ∼73% of

those polled. These changes in precipitation patterns have a direct

impact on crop yields, livestock production, and price fluctuations

in agriculture. Because having information about the impact of

climate variability and change is critical, the household survey

discovered that ∼66.7% of households do not have access to

weather station data.

3.4. The e�ects of climate variability and
change on smallholder farmer’s livelihood

Table 11 displays the results of various precipitation and

temperature regressions on crop yields and cattle. The correlation

coefficients of the major crops (maize and teff) and two

climatic variables (rainfall and temperature) revealed that maize

(0.363, 0.279), teff (0.148, 0.485), and cattle (−0.273, −0.729)

were positively correlated, whereas precipitation and temperature

were negatively correlated. If crop yield increases by one

precipitation unit and temperature increases by 0.014, maize

yield increases by 4.761, 0.008, and teff yield increases by

0.014, 0.008, and 0.637 for teff yield increases by 0.014,

0.008, and 0.637 for teff yield increases by 0.014, 0.008, and

0.637 for teff yield increases by 0.014, 0.008, and 0.637 for

teff.

In Ethiopia, precipitation deficits are critical in determining

crop and farm animal production. The same holds for the

Bako Tibe district’s precipitation issue. Approximately 68.8% of

respondents stated that insufficient rainfall and uneven distribution

during the wet season were the single most important reasons for

the acute meals’ lack of confidence in the location. Approximately

78% of respondents stated that seasonal precipitation fluctuations

have harmed land guidance for summer crop production and

the sowing of past-due maturity crops. Summertime rain,

on the other hand, becomes overdue in some areas after

1 month. The Bako Tibe district has experienced variations

in rainfall variability during plantation crops as well as land
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guidance at some point during the spring and summer seasons.

Approximately 47.8% of respondents said flooding has eroded a

large amount of soil from their farms and grazing land in the

district. Floods are common among residents of internal valleys,

mountain bottoms, and rugged hillsides. Excessive temperatures,

according to 61% of respondents, harm crop production, farm

animals, and human health. The primary issues of weather

extrusion in the location have been precipitation rather than

temperature, which means that, according to the family survey

results, precipitation is more likely to affect the livelihood of

smallholder farmers, followed by ∼71.6% of rainfall and 62.4%

of temperature.

TABLE 8 Monthly, seasonal, and annual average rainfall of MK trend test

results of Bako metrological station (1983–2019).

Month Zmk test Sen’s
slope test

The trend at 95%

January −1.54 −0.1 Not significant of rainfall

February −0.94 −0.137 No

March −1.49 −1.224 No

April −0.89 −0.663 No

May 1.62 1.996 No

June 2.01 1.246 No

July 2.42 0.3 Significance of rainfall

August 2.03 0.047 Significance

September 0.13 0.147 No

October 0.17 0.152 No

November 0.73 0.257 No

December −1.23 −0.083 No

Total annual 0.92 3.389 No

Summer 2.52 1.232 Significance

Spring −0.01 −0.024 No

Autumn 0.75 1.01 No

Winter −1.10 −0.781 No

Zmk is the Mann–Kendall trend test, Ns is a non-significant trend, and Zmk indicates a

significant trend at the = 0.1, = 0.05, and = 0.01 level with critical statistic table values of

1.645, 1.96, and 2.576, respectively.

3.5. Smallholder farmer’s adaptation
practices

Climate variability has a significant impact on small farm

holder households in the study area. Farmers employed a variety

of strategies to mitigate the effects of the climate change risks

discussed in the preceding section. However, as the effects of

climate change become more severe, smallholder farmers’ ability

to adapt is deteriorating. Domestic research indicates that some

of the negative effects of climate variability can be tolerated.

Different modes of practice are very important in combating

climate variability if farmers use them effectively. This decision

implies that a single strategy was insufficient to adapt to the

TABLE 10 Climate-related impact results of household survey.

Variables Frequency (n)

Yes % No %

Have you ever faced any

climate impact on your life

106 75.2 35 24.8

Types of climate impact are

Shortage of rainfall 97 68.8 44 31.2

Seasonal rainfall fluctuation 110 78 31 22

Flood 67 47.5 74 52.5

High temperature 86 61 55 39

Which climate shock is your main concern?

Temperature 88 62.4 53 37.6

Rainfall 101 71.6 40 28.4

TABLE 11 Multiple regression analysis of crop production in a year per

hectare quintal.

Constant Coe�cient Correlation t-test

Tem. to maize −57.5 4.761 0.363 1.041

R.F. to maize 0.014 0.279 0.799

Tem. to teff −10.06 0.637 0.148 0.437

R.F. to teff 0.008 0.485 1.452

Tem. to cattle 23,857.2 −310.18 −0.273 −2.841

R.F. to cattle −3.095 −0.729 −1.062

TABLE 9 Rainfall pattern of the household survey.

Rainfall pattern in terms of- Frequency (n) Total Total

High % Medium % Low % Frequency %

Rainfall intensity 63 44.7 40 28.4 38 26.9 141 100

Drought severity 66 46.8 50 35.5 25 17.7 141 100

Drought longevity 37 26 73 52 31 22 141 100

Rainfall patterns in terms of timing: Yes (n) % No (n) % Total (%)

Onset rainfall 92 65.2 49 34.8 100

Cessation rainfall 103 73 38 27 100

Do you receive information from a weather station 47 33.3 94 66.7 100
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TABLE 12 Adaptation practices of respondents.

O�-farming and on-farm adaptation practices Yes No

Frequency (n) % Frequency (n) %

1 Crop diversification 58 41.1 83 58.9

2 Terracing 47 33.3 94 66.7

3 Tree planting 78 55.3 63 44.7

4 Growing early mature crop 100 70.9 41 29.1

5 Irrigation 65 46 76 54

6 Off-farming activities 119 84.4 22 15.6

7 The various adaptation practices are very effective 98 69.5 43 30.5

8 Do you receive any form of adaptation practices training? 52 36.9 89 63.1

effects of climate variability, as a combination of many strategies

may work better than a single strategy. Approximately 69.5%

of the households polled indicated that practice routines were

very effective. Effective flexibility procedures have evolved through

training from the government and various professionals, but only

36.9% of the families surveyed are trained (Table 12).

4. Discussion

Climate change had a significant negative impact on the

livelihoods and food security status of smallholder farmers in a

local area of Zimbabwe, leading to food aid, the use of traditional

grains and other drought-resistant crops, early planting, multiple

planting, barter trade, and livelihood diversification, according

to the study. These adaptation strategies were hampered by

a lack of markets for agricultural produce, weak institutions,

poverty, and significant climate variability (Mushore et al., 2021).

Smallholder farmers in Ghana adopt on-farm and off-farm

adaptation techniques to deal with ecological and climate changes

(especially meteorological droughts, socioeconomic droughts, poor

soil fertility, and food shortages). In this area, farmers depend

on agriculture and implement on-farm adaptation strategies to

mitigate the negative consequences of ecological and climate

change, including droughts and floods. Off-farm adaptation

practices are used by smallholder farmers to reduce their

vulnerability to the negative effects of climatic and ecological

change or variability, such as food and livelihood instability

(Appiah et al., 2018). Farmers in developing countries have

to implement and utilize climate smart agriculture (CSA)

practices because they include numerous low-cost farm-based

sustainable agricultural land management techniques such as water

management, zero or minimum tillage, residue management, and

agroforestry, among others. Furthermore, CSA practices mostly

involve traditional practices and indigenous knowledge that are

widely understood and employed by farmers in handling climatic

concerns (Tol, 2020; Baffour-Ata et al., 2021).

The length of a region’s growing season is determined by the

start and end dates of rainfall in a given year (Abiy et al., 2014).

The findings contrast with those of Daniel et al. (2014), who

discovered a statistically insignificant increasing trend across all

seasons (including on an annual time scale). This study discovered

a highly variable but non-significant decreasing trend in spring

rainfall over time, in contrast to Alemayehu and Bewket (2017),

who discovered a significant decreasing trend in spring rainfall.

The monthly rainfall trend and Sen’s slope result for January,

February, March, April, July, and December were negative and not

significant, whereas they were positive and not significant for May,

June, August, September, October, and November.

The study area’s general socioeconomic position, the

agricultural productivity of both crops and cattle, and social

issues such as changes in the health of smallholder farmers had

all been impacted by the drought’s intensity. As a result, the most

severe droughts in Ethiopia are typically caused by a failure of

summer rainfall to meet agricultural and water resource needs

(Kassa, 2015). Respondents stated that they do not plant crops

because they cannot predict rainfall as well as they used to, limiting

agriculture production and risking their livelihoods (Akinbami

et al., 2016).

Rainfall was currently falling 1 month before or after the

normal cropping season (Meron, 2012). Given Ethiopia’s history of

repeated droughts and variability in rainfall, it is critical to conduct

long-term trend and variability studies using reliable methods to

obtain significant information on what has changed over the last

few decades (Daniel et al., 2014). Temperature increases, combined

with changes in precipitation because of extreme climate conditions

such as dry spells, prolonged droughts, and heat waves, are expected

to have a significant impact on crop and livestock productivity

(Walthall et al., 2012). Understanding the problem thoroughly

is critical because it may lead to the development of effective

adaptation and mitigation strategies (Eames et al., 2020).

A Ugandan study found that a number of factors combine to

influence the adaptation strategies small farmers choose to employ

(Atube et al., 2021). In eastern Ethiopia, small-scale irrigation has

allowed smallholder farmers to diversify and intensify their crop

output, increasing agricultural production and yields (Dawid et al.,

2023). In order to improve their overall adaptation to the effects

of climate variability, all responsible entities should strengthen the

provision of agricultural extension services by strengthening their

climate information system. Additionally, in Ethiopia’s lowlands,

structural land use dynamics and the related resource tenure

insecurity have a greater restricting impact on the tactics than the

effects of climate variability (Ofgeha andAbshare, 2021). As a result,

the current study’s findings support additional research into these
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contexts, and any approach for development interventions should

consider how non-climate components affect local community

adaptation and coping. The assessment of this impact is critical

for increasing adaptability because it provides evidence-based

knowledge about the vulnerabilities and risks that smallholder

farmers experience. This knowledge can be used to inform the

creation and execution of appropriate adaptation practices and

strategies in relation to the unique impact of climate variability on

smallholder livelihoods, assisting in the identification of areas that

require intervention and support.

5. Conclusion

In this study, the precipitation in different seasons revealed

that there is a lot of fluctuation in both seasons, but it was

especially high in the spring. Changes in precipitation variability

have a significant impact on crop output in the Bako Tibe tract.

Agriculture, on the other hand, relied heavily on rainfall. Because

the crop matured in November and October, the crop’s end date for

the maximum and mean rain days was not ideal. In the primary

rainy season (summer), the likelihood of a 7, 10, 15, or 20-day

dry spell was zero in June, July, August, and September; however,

the probability of a 5-day dry spell was >0. The spring is more

likely to have dry spells than the summer. Crop diversification

is practiced by 41.1% of respondents in the research region,

indicating that some of the effects of climatic variability can be

mitigated. According to the study findings,∼58.9% of respondents

do not practice crop diversification due to various constraints

such as a lack of additional farmland, a lack of funds to purchase

a variety of seeds and fertilizers, and so on. However, 46% of

respondents used irrigation to combat climate variability on their

property caused by unpredictable rainfall by growing vegetables.

This study’s findings are very important for local governments

to tackle factors associated with climate variability by using

different strategic activities to ensure small farmers livelihoods.

Further researchers will also utilize this finding as a base line for

further information. Financial issues, a lack of time to cover all

“kebeles” in the district, and a lack of complete information were

among the constraints. Data collection is also difficult due to the

dispersed settlement of families and communication infrastructure,

the respondents’ lack of awareness of the goals of the research,

particularly households, and the biased and distorted information

provided by the respondents.
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