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Climate change and its negative impacts pose a threat to crop production in

Kenya. However, climate change adaptation strategies have the potential to

address the challenges faced by crop farmers. Despite this, there is limited

literature to inform policy on the best interventions to help farmers deal

with climate issues. This study assessed the determinants of climate change

adaptation strategies and the intensity of their use among 723 crop farmers in

Busia County, Kenya, selected through a multistage sampling technique. Data

were collected using a structured questionnaire and analyzed using principal

component analysis (PCA), multinomial logit regression, and the ordered probit

model. The climate change adaptation strategies were categorized into crop

diversity, cover crops, use of drought-resistant crops, and irrigation. According

to the results, the factors contributing to the uptake of the di�erent adaptation

strategies were age, household size, access to credit, training access, o�-

farm income, group membership, frequency of receiving climate change

information, and extension services. The major factors influencing the uptake

of multiple climate change adaptation strategies were access to credit and

o�-farm income. The study shows that certain adaptation strategies, such

as using cover crops, do not require credit and o�er an important option

in an environment with limited resources. On the other hand, adaptation

measures such as irrigation demand financial resources for farmers to implement

them, highlighting the importance of information and awareness in adopting

adaptation strategies and the supportive role of financial resources, particularly

for adopting multiple strategies. Therefore, this study suggests implementing

policies and interventions that encompass knowledge-based strategies such as

extension services, training, climate change education, group participation, and

financial mechanisms like income generation activities and access to credit.

These integrated strategies will enable farmers to adopt various climate change

adaptation methods for sustainable crop production.
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1 Introduction

The impact of climate change is felt all over the world, and

small-holder farmers face more risks due to unpredictable weather

patterns. Temperatures continue to rise in the world, and globally,

median temperatures are estimated to rise by 4.1◦C by the end of

the 21st century (Adhikari et al., 2015). Increases in temperature

and other extreme climate events affect crop productivity, and

projections from previous studies (Chen and Gong, 2021; Molotoks

et al., 2021; Mulungu et al., 2021) indicate more adverse effects in

the future. According to Singh and Purohit (2014), by 2030, maize

production in Southern Africa will have reduced by up to 30%, and

yield in developing countries might drop by an average of 17.5%.

East Africa is not different, as the temperature is projected to rise

faster than the rest of the world (Niang et al., 2014). In Kenya, global

warming is projected to negatively impact agriculture between 2020

and 2040, as Ochieng et al. (2016) reported in their study on the

impact of climate change during the same period.

Kenya’s economy is dependent on agriculture, and its growth is

key, as 26% of the gross domestic product (GDP) comes directly

from agriculture and 25% indirectly through other sectors like

manufacturing (World Bank, 2020). However, the economy faces

challenges due to climate change, which is expected to reduce

the GDP by 2.4% annually (GOK, 2018a,b). Additionally, the cost

of drought is estimated at 8.0% of GDP every 5 years, and the

cost of floods is estimated at 5.5% of GDP every seven years

(Government of Kenya, 2017). Crop production is the major

contributor to the agricultural GDP (78%), yet it is characterized by

low productivity. Low crop productivity is worsened by different

shocks, especially climate-related shocks, which affect the whole

food system (Campbell et al., 2016), as 98% of the crop system

in Kenya is rain-fed and highly susceptible to climate change

(Government of Kenya, 2017).

The direct effect of climate change on crop productivity

affects household livelihoods, especially food and nutrition security.

According to Food Agriculture Organization (2023), climate

change is the major driver of food insecurity and malnutrition

worldwide and will continue to rise. Nelson et al. (2009) highlighted

the potential for climate change to cause an increase in global

hunger and malnutrition by 2050, and in Africa, climate change is

estimated to push around 122 million people into hunger by 2050

(FAO, 2015). East Africa has also experienced a higher frequency of

extreme droughts in recent decades, which is projected to continue.

These droughts negatively impact food production, leading to

widespread hunger and malnutrition. In Kenya, the decline in

rainfall has been reported over the past few decades (Ochieng et al.,

2016), which has negatively impacted agricultural productivity,

leading to increased food insecurity and malnutrition, particularly

among small-scale farmers’ households.

Crop productivity can be improved through the use of climate

change adaptation strategies (Reidsma et al., 2010; Lobell, 2014;

GOK, 2018a,b). These strategies vary across various factors, such as

soil, water, and input-related climate change adaptation strategies.

Previous studies (Mabe et al., 2014; Belay et al., 2017; Francis

et al., 2017; Asfaw et al., 2019; Ojo and Baiyegunhi, 2020; Kogo

et al., 2022) have identified various adaptation measures, including

timely planting, irrigation, tree planting, and the adoption of

improved crop varieties. Timely planting involves changing the

planting calendar by either planting early or late, depending

on the weather pattern (Asfaw et al., 2019). Irrigation involves

storing and providing a reliable water supply for crops during

erratic rainfall patterns, prolonged droughts, and water scarcity,

ensuring agricultural productivity even during dry periods (Francis

et al., 2017). Tree planting is incorporated within or along the

edges of the farm to help regulate temperatures, provide shade

to crops, and help prevent soil erosion (Belay et al., 2017).

Improved seed variety involves different crop varieties tailored to

certain climatic conditions that help the farmers better cope with

challenges such as erratic rainfall patterns associated with climate

change. However, these strategies can vary, depending on locality

and other socioeconomic factors. For example, in some regions,

adaptation strategies may be tailored toward soil conservation or

water management. This variation is evident not only between

countries but also within different regions within the same country

(McKinley et al., 2021). The simultaneous use of multiple strategies

has been associated with improved yields (Teklewold et al., 2019).

Moreover, employing a combination of strategies can sometimes

complement or substitute each other to effectively address the

impacts of climate change.

While existing research has explored climate change adaptation

strategies in agriculture (Gebru et al., 2020; Saddique et al., 2020;

Getahun et al., 2021; Mogaka et al., 2021; Kumar et al., 2023;

Molla et al., 2023; Moniruzzaman et al., 2023), there remains

a critical gap in understanding the uptake and determinants of

employing multiple adaptation strategies. This limitation restricts

the ability to optimize agricultural productivity, ensure sustainable

crop production, and build robust household resilience in the face

of a rapidly changing climate (Francis et al., 2017). Furthermore,

the potential of emerging adaptation strategies, whether novel

or specific to particular localities, requires further exploration to

enrich the existing knowledge base. These unique approaches hold

significant promise for advancing climate resilience but remain

largely undocumented.

This study aims to fill existing gaps by comprehensively

evaluating climate change adaptation strategies, including their

determinants and the intensity of use. Understanding these

strategies and the factors driving them is essential for designing

targeted programs that address the specific needs of those affected.

By bridging these knowledge gaps, the study seeks to contribute

significantly to the field of climate change adaptation in agriculture,

paving the way for more resilient and sustainable agricultural

practices in response to climate change.

2 Methodology

2.1 Study area

The study was conducted in Busia County, located in the

western part of Kenya (Figure 1). Specifically, it focused on two

regions: Teso South and Funyula (Samia) sub-counties, where

agriculture has been significantly affected by climate change. The

county covers an area of ∼1,695 km2 and lies between longitude

33.91◦E and 34.44◦E and latitude 0.03◦S and 0.76◦N. Busia largely

depends on rainfed agriculture, which provides employment for

∼78% of the population and remains the main source of income
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FIGURE 1

Map of Busia County. Source: Author.

for ∼65% of the populace. Most of the farmers are small-holders

with an average acreage of 1.71 (MoALF, 2014; GOK, 2018a,b). The

major crops cultivated include maize, millet, beans, sweet potatoes,

cassava, cotton, tobacco, vegetables, fruits, and sugarcane (GOK,

2018a,b). In recent times, the county has experienced low crop

productivity due to extreme climate change and events (MoALF,

2014; GOK, 2023), with anticipation of more negative impacts on

maize and sorghum, as reported by GOK (2023). Though sorghum

is highly known to withstand the effects of climate change, recent

studies (Mohammed and Misganaw, 2022; Niyibigira et al., 2024)

have reported a negative impact of climate change on sorghum.

Some of the events in the county include increased temperatures,

intense rains, floods, and frequent droughts (MoALF, 2014; GOK,

2023).

2.2 Data collection and sampling
procedures

A multistage sampling technique was used in this study. In

the first stage, Busia County was purposefully selected due to

its experience of low yields coupled with high poverty levels

and elevated malnutrition resulting from the negative impact of

climate change (GOK, 2018a,b). In the second stage, two sub-

counties, Teso South and Funyula (Samia), were purposefully

selected based on KII withMinistry of Agriculture personnel. These

sub-counties have been significantly affected by climate extremes

and engage in diverse agricultural enterprises. For the third and

final stage, a systematic random sampling approach was used to

select households from the sampling frame (a list of registered

farmers from the Ministry of Agriculture). The sample size was

calculated using Cochran’s formula (Cochran, 1977) as shown in

Equation 1.

n =
Z2

× (p)(q)

(d)2
, (1)

where the Z = value of the selected alpha is 2.58 at a 99%

confidence level (Singh andMasuku, 2014), while p is the estimated

proportion of the study population that has the attribute of interest

(50% of the households are assumed to be using climate change

adaptation strategies), and q is (1 – p). d is the acceptable margin

of error for proportion, which is estimated at 0.05 (Bartlett et al.,

2001), giving a sample size of 668. The sample was then increased

by 15% to account for a non-response rate, which is supported by

Irene et al. (2022), making it a total of 768 households. Based on

the number of households from each sub-county, as listed in the

sampling frame, proportionate sampling was used to determine the

sample size to be drawn from each sub-county. Using systematic

random sampling, every 5th household was selected based on the

sampling frame and target sample size, resulting in a total of

Frontiers in Sustainable FoodSystems 03 frontiersin.org

https://doi.org/10.3389/fsufs.2024.1376868
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Ndiwa et al. 10.3389/fsufs.2024.1376868

445 and 323 households in Teso South and Samia sub-counties,

respectively. The respondents were interviewed using a semi-

structured questionnaire programmed in ODK (open data kit)

data collection software. Data on socioeconomic and demographic

characteristics and climate change adaptation strategies were

collected. Data cleaning was conducted using MS Excel. After data

cleaning and the removal of cases with missing data and outliers

due to incomplete questionnaires, non-responses, and data points

that differ from other observations in the dataset, an analysis of data

drawn from 723 households who engaged in crop production in the

year 2021 was conducted using STATA 15.

2.3 Data analysis

2.3.1 Descriptive analysis
The collected data were analyzed using Excel 2021 and

STATA version 15. Descriptive statistics, including frequencies,

percentages, and graphs, were generated to illustrate the climate

change adaptation strategies employed by farmers’ households. A t-

test was used to test the mean difference between the independent

continuous variables used in the model between the adopters and

the non-adopters, while a chi-square was used to test for the

mean difference between the independent variables between the

two groups.

2.3.2 Empirical framework
The study used principal component analysis (PCA) and

multinomial logit regression (MNL) to assess the uptake of

climate change adaptation strategies used by small-scale farmer

households. First, PCA was used to group the adaptation

strategies from 11 climate change adaptation strategies into four

categories for the ease of analysis, as adapted from Aidoo et al.

(2021). PCA is a commonly used statistical method for reducing

dimensionality and extracting features, particularly useful in

datasets containing a large number of variables. The study used

PCA to transform the climate change adaptation strategies into

a fresh set of uncorrelated variables called principal components.

These components represent linear combinations of the original

variables. The objective is to reduce the number of adaptation

strategies and capture as much variability in the data as possible

with a smaller number of principal components. However, it is

important to test if the data is fit for the PCA analysis. The study

employed the Kaiser-Meyer-Olkin (KMO) test, which requires the

KMO value to be 0.5 or more (Hargreaves and Mani, 2015). The

adaptation strategy with the highest factor loading in each category

(the principal component) is selected to represent the other climate

change adaptation strategies.

Secondly, multinomial logit regression was used to estimate the

determinants of the uptake of climate change adaptation strategies.

MNL is a statistical method used to predict the probability

of multiple categories. The model estimates multiple equations

simultaneously, each comparing one category to a reference

category. The study used multinomial logistic regression (MNL)

because the dependent variable is categorical and consists of five

categories. These include four groups of farmers with different

climate change adaptation strategies from the PCA analysis: cover

crops, drought-resistant crops, irrigation, and crop diversity. The

fifth category comprises farmers who do not use any climate

change adaptation strategies, serving as the reference group. The

explanatory variables used in the model include the size of the

household, credit access, age of the household head, access to credit,

group membership, frequency of climate change information,

log-off farm income, and frequency of extension services. A

multicollinearity test was also conducted between the independent

variables before data analysis. The study employed VIF (variance

inflation factors) to detect multicollinearity, and according to

Gujarati (2003), a VIF value of more than 10 indicates the presence

of multicollinearity. The representation of the multinomial logistic

regression is provided below:

P
(

y =
m

x

)

=
exp (βmxi)

1+
∑n

m=1 exp (β),

m = 1, 2 . . . . . . n

(2)

where m represents the climate change adaptation strategy,

denoted by the random variables ranging from 1 to n, β is the

estimated parameter, and xi is the household characteristics or

variables. After conducting the multinomial logistic regression, the

marginal effect was calculated using Equation (2) to estimate the

probability of choosing a given adaptation strategy with respect

to the independent variable. The marginal effect was calculated

(Equation 3) because the regression coefficient only indicates the

direction of the effect, not the magnitude, and interpreting the

coefficient will be misleading (Molla et al., 2023).

∂Pjm

∂xk
= Pm



βmk −

J−1
∑

J=1

Pjβmk



 (3)

The study also estimated the determinants of the intensity of the

use of climate change adaptation strategies by households using the

ordered probit model because the dependent variable is ordered.

The dependent variable used is the number of climate change

adaptation strategies, which ranges from 0 to 5. The marginal

effect of using more than two climate change adaptation strategies

was summed up (p = 2 to p = 5) to represent the utilization of

multiple climate change adaptation strategies (Bundi et al., 2020).

The representation of the ordered probit model is as follows:

y∗ = xi β + εi (4)

y∗is the latent variable and cannot be observed, but category

responses can be observed, as shown in Equation (4) below:

y =



















0 if y∗ ≤ 0

1 if 0 ≤ y∗ ≤ µ1

2 if µ2 ≤ y∗ ≤ µ2

N if µN−1 < y∗

(5)

The independent variables are represented by xi , β is the

estimated parameter,µ is the threshold parameter, and ε is the error

term as shown in Equation (5).
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3 Results and discussions

3.1 Summary statistics of the independent
variables used in the model

Table 1 shows the t-test and chi-square results of the means of

variables used in the study for adopters, non-adopters, and overall

households. These variables were selected based on previous studies

(Amare and Simane, 2017; Marie et al., 2020; Aidoo et al., 2021;

Atube et al., 2021; Kabir et al., 2021; Kogo et al., 2022; Jena et al.,

2023). According to the results, 93% of the households had adopted

climate change adaptation strategies, while 7% had not adopted any

strategies. Adopters had an average age of 49, non-adopters had

an average age of 46, and overall, the average age was around 48.

This result concurs with Atsiaya et al. (2023), who reported that the

mean age of the household head in Busia is 48. Approximately 50%

of adopters had access to credit, compared to 52% of non-adopters.

The average number of visits by extension officers was

about two for both adopters and non-adopters. This indicates

no significant difference between the two groups in terms of

extension visits. The average frequency of receiving climate change

information was also approximately one for both groups, with no

significant difference between them. The mean logs of off-farm

income for adopters and non-adopters differed significantly at the

1% level. Adopters had a mean of 3.49, while non-adopters had

a mean of 3.44. Financial resources like off-farm income tend to

increase the adaptive capacity of farmers (Sorre et al., 2017).

The results also show that 21% of adopters and 12% of non-

adopters had access to training, but the difference between the

two groups was not significant. In terms of access to climate

change information, 76.5% of adopters had access, compared to

64.8% of non-adopters. This shows that a higher percentage of

farmers use adaptation strategies than non-users. Access to climate

change information is linked to the uptake of adaptation strategies

as farmers become aware of the weather patterns and response

strategies (Marie et al., 2020). This difference was significant at

the 1% level. Additionally, 72.5% of adopters were members of a

farmer group or association, compared to 64.8% of non-adopters.

This difference was significant at the 5% level. Farmer groups or

associations help farmers share ideas, thus accelerating the uptake

of climate change adaptation strategies (Adeagbo et al., 2023).

3.2 Climate change adaptation strategies,
determinants of use, and intensity

This section presents the climate change adaptation strategies

used by farmers, as well as the results of categorizing these strategies

using principal component analysis. Additionally, the determinants

of farmers’ adoption of climate change adaptation strategies, as

well as the factors influencing the intensity of use, are presented

and discussed.

3.2.1 Climate change adaptation strategies used
by farmers

Figure 2 shows the climate change adaptation strategies used

by crop farmers in Busia County. The results show that half of the

farmers used crop diversity, manure, and gardening technologies.

Over 30% adopted timely planting, which consists of both late

planting and early planting, intercropping, and cover crops (such as

pumpkin crops). A total of 20% of the farmers adopted mulching,

drought-resistant crops, and irrigation. Less than 20% of the

farmers opted for improved seed varieties and short-season crops,

while 7% did not use any adaptation strategies. Some studies (Asfaw

et al., 2019; Gebru et al., 2020; Marie et al., 2020; Saddique et al.,

2020; Getahun et al., 2021; Kabir et al., 2021; Mogaka et al., 2021;

Kogo et al., 2022) have also documented some of these climate

change adaptation strategies. However, gardening technologies

emerged as a unique adaptation strategy used by the people of

Busia. This includes the use of different gardening techniques, such

as mandalas, keyholes, multistorey gardens, raised beds, and Zai

pits, among others. This result shows a low uptake of different

climate change adaptation strategies that may be important to

address the climate issues in the county.

3.2.2 Categorization of climate change
adaptation strategies

Table 2 shows the results of the principal component analysis

with its factor loadings. The climate change adaptation strategies

used by the crop farmers were grouped into four categories,

including crop diversity, irrigation, cover crops, and drought-

resistant crops. The adaptation strategy with the highest factor

loading was selected from the adaptation strategies to represent

each category of the four groups. The four components were picked

because they had an eigenvalue of more than one and explained

57% of the variation in the data. To test if the data were fit for the

PCA analysis, the KMO test was conducted, and the results showed

an overall KMO of 0.55, which is more than the required minimum

value (Hargreaves and Mani, 2015).

The adaptation strategy with the highest factor loading in

each principal component was selected to represent the rest

of the adaptation strategies under that category, as adopted by

Ajak et al. (2018). Principal component 1 is represented by crop

diversity, as it has the highest factor loading (0.498). The second

principal component is represented by irrigation, which also has

the highest factor loading of 0.448. The third principal component

is represented by a cover crop with a loading of 0.545. The fourth

principal component is represented by drought-resistant crops,

with a loading of 0.571. The four adaptation strategy categories,

along with the farmers who are not using any adaptation strategy,

make up a total of five groups. These groups are used as the

dependent variable in the MNL, with the farmers who are not using

any strategy as the base category.

3.2.3 Determinants of farmers’ climate change
adaptation strategies

Table 3 shows the multinomial logistic results for the

determinants of climate change adaptation strategies used by the

farmers. On the overall fitness of the model, the likelihood ratio

statistics LR chi-square (36) = 158 is highly significant (P <

0.0000). The model was also tested for multicollinearity using

the variance inflation factor (VIF), and the VIF range for all

variables is 1.04–1.28, indicating no problem of multicollinearity.

The independence of the irrelevant assumption was also tested
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FIGURE 2

Climate change adaptation strategies used by crop farmers in Busia County (Source: Household survey data 2021).

TABLE 1 Summary statistics of the independent variables.

Variable Adopters Non-adopters All farmers 2-tailed t-test

n = 669 n = 54 n = 723

Household size 6.46 (2.82) 5.96 (2.39) 6.43 (2.79) 1.27

Age 49.20 (14.23) 46.35 (16.62) 48.99 (14.43) 1.39

Log off-farm income 3.49(0.53) 3.44 (0.54) 3.48 (0.53) 1.97∗∗

No extension visits 2.45 (1.71) 2.48 (1.80) 2.46 (1.72) −0.12

Frequency of information 0.77(1.13) 0.74(1.18) 0.77(1.13) 0.172

Percentage Percentage Percentage X2-values

Credit access (Yes= 1) 49.93 51.85 50.07 0.07

Training access (Yes= 1) 21.08 12.96 20.47 2.02

CC information access (Yes= 1) 76.53 64.81 75.66 3.72∗

Group membership (Yes= 1) 72.50 57.41 71.37 5.57∗∗

Extension access (Yes= 1) 35.19 34.98 34.99 0.001

∗ , ∗∗ , ∗∗∗ denote significance at 10%, 5%, and 1% levels, respectively. Source: Household data survey 2021.

using the Hausman test, and the model fits since the test failed to

reject the null hypothesis (P > 0.05) (Deressa et al., 2009).

According to the results, household size is significant and

positively related to the use of drought-resistant crops as an

adaptation strategy. This implies that an increase in household

size by one increases the probability of a household choosing

drought-resistant crops by 0.01%. This might be because larger

households require more food to feed the family and may

likely adopt adaptation strategies such as drought-resistant

crops that could increase household food production and

help them achieve their target (Amare and Simane, 2017),

especially with unpredictable weather patterns. This concurs with

other studies that have found a positive association between

household size and climate change adaptation strategies (Belay

et al., 2017; Diallo et al., 2020; Atube et al., 2021; Kogo

et al., 2022). This highlights the need for tailoring climate

change adaptation strategies to align with the characteristics of

individual households.

Household size is also negatively related to the choice of cover

crop. This shows that an increase in household size by one reduces

the probability of a household choosing a cover crop by 0.99%.

The negative relationship between household size and the uptake

of cover crops was not expected. However, Taruvinga et al. (2016)

also reported a negative association between family size and climate

change adaptation strategies. Large household sizes sometimes have

more dependents and thus spend more money on the dependents,

hindering the uptake of climate adaptation strategies (Asfaw et al.,

2019).

The results also show that access to credit is significant

and positively related to the use of irrigation. This means that

household heads who have access to credit are 7% more likely to

use irrigation. This might be because irrigation technologies may

require equipment that is beyond what small-holders can afford.

Similarly, installation of this equipment is often technical and labor

intensive, and it might require financial resources from the farmer

(Amare and Simane, 2017; Jena et al., 2023). Thus, farmers who
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TABLE 2 The principal component analysis result.

Adaptation strategies Principle components Categorization

PC1 PC2 PC3 PC4

Garden technologies 0.4590∗ Crop diversity

Crop diversity 0.4983∗

Manure 0.3312∗

Mulching 0.4319∗ Irrigation

Irrigation 0.4478∗

Timely planting 0.4046∗ Cover crop

Cover crop 0.5547∗

Intercropping −0.5839∗

Drought resistance crop 0.4571∗ Drought resistance crop

Short season crops −0.5036∗

Improved seed variety 0.2511∗

Eigenvalues 2.0433 1.5988 1.4056 1.1887

Eigenvalues proportions 18.58 14.53 11.78 10.81

Cumulative proportions 57

Overall KMO 0.55

The values in the principal components with ∗ denote factor loadings.

PC, principal component; KMO, Kaiser-Meyer-Olkin test.

have access to credit may choose to invest in irrigation facilities

that can improve their productivity and subsequently increase

food production. This result is supported by Ojo and Baiyegunhi

(2020), who also found a positive relationship between credit access

and mixed cropping and improved variety as a climate change

adaptation strategy.

Access to credit is also significant and negatively related to

the use of cover crops as an adaptation strategy. This implies that

household heads who have access to credit are less likely to use

cover crops by 13%. The negative relationship between credit access

and the cover crop may be associated with farmers using the credit

to fund some other non-farm expenses or needs, thus hindering

the uptake of adaptation strategies (Wekesa et al., 2018). The age

of the household head is positively related to crop diversity. This

implies that a one-year increase in age increases the probability

of adopting crop diversity by 0.3%. An increase in age can be

associated with experience and enable older farmers to better assess

the best adaptation strategy to use. The age of the household head

is also significant and negatively related to the use of drought-

resistant crops. This shows that a year-long increase in age reduces

the chance of using drought-resistant crops by 0.2%. The negative

relationship might be a result of the young generation’s ease in

taking up new technologies faster than older farmers (Zhang et al.,

2019; Baffour-Ata et al., 2023). The result is, however, consistent

with Kogo et al. (2022), who reported a positive relationship

between age and crop diversity as well as a negative relationship

between age and the uptake of drought-tolerant varieties.

Training access is positively and significantly associated with

the use of crop diversity, which implies that access to training

increases the probability of a household practicing crop diversity

by 9%. This might be because trained farmers are more likely to

take up new technology or strategies that are important to them

based on exposure to improving their yields or productivity in the

ever-changing climate compared to their counterparts (Belay et al.,

2017; Diallo et al., 2020). Training access was also significant and

negatively associated with the use of cover crops, which means that

access to training lessens the chance of using cover crops by 6%.

The reason for a negative relationship was not expected. However,

this might be a result of training not necessarily on cover crops but

on other climate change adaptation strategies.

Group membership had a positive association with cover

crops. This implies that belonging to any farmers’ group or

association increases the household’s likelihood of using cover

crops by 7%. Farmers’ groups or associations act as a platform

for knowledge sharing and transfer (Diro et al., 2022; Demem,

2023), and they are mostly used by different stakeholders for ease

of disseminating information. The result corroborates Gebru et al.

(2020), who found a positive and significant relationship between

cooperative membership and different climate change adaptation

strategies. The frequency of farmers receiving extension services

was significant and positively associated with crop diversity as an

adaptation strategy. This shows that a unit increase in contact

with extension workers increases the probability of practicing crop

diversity by 2%. This could be because frequent contact with

the extension worker increases farmers’ awareness of different

technologies as well as adaptation strategies that could help them

improve their productivity and livelihood in the ever-changing

climate. The results corroborate Demem (2023), who found a

positive relationship between the number of extension visits and

the uptake of different climate change adaptation strategies.

The frequency with which farmers receive climate change

information had a positive and significant impact on the use of
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crop diversity, irrigation, and cover crops, suggesting that a unit

increase in the number of times a farmer receives climate change

information increases the probability of using crop diversity,

irrigation, and cover crops by 4%, 3%, and 3%, respectively. The

more frequently farmers receive climate-related information, the

greater their awareness and influence on the adoption of different

adaptation strategies, as reported by Atube et al. (2021). This

implies that farmers are better prepared and are able to plan their

adaptation strategies in advance based on the information provided

and make informed decisions (Kumar et al., 2023). This result is

supported by Mabe et al. (2014), who found a positive association

between weather information and the adoption of tree planting

as an adaptation strategy in Northern Ghana. The frequency of

farmers receiving climate change information was also negative

and significantly associated with the uptake of drought-resistant

crops. This implies that a unit increase in the number of times the

farmer receives climate change information reduces the chances

of using the drought-resistant crop by 10%. This was contrary to

the expectations. However, the negative association with drought-

resistant crops may be a result of the information received not

necessarily being related to drought-resistant crops.

Off-farm income had a positive relationship with the uptake of

crop diversity. This could be because crop diversity may require

additional funds to purchase different inputs, including improved

seeds, which can be expensive (Molla et al., 2023). Thus, those

with additional sources of income may have the resources needed

to invest in crop diversification, unlike their counterparts, who

solely depend on farm income. This finding is supported by

Kogo et al. (2022), who found a positive relationship between

income and the use of soil conservation as an adaptation strategy.

Conversely, off-farm income also had a significant and negative

relationship with the uptake of cover crops and drought-resistant

crops. The negative relationship might be due to farmers with non-

farm income shifting their focus to off-farm activities rather than

adopting climate change adaptation strategies (Ojo and Baiyegunhi,

2020).

3.2.4 Determinants of farmers’ climate change
adaptation intensity

Table 4 presents the results of the ordered probit model.

According to the results, credit access, extension services, off-farm

income, training access, group membership, and climate change

information were associated with the use ofmultiple climate change

adaptation strategies.

The results show that access to credit is positively and

significantly related to the uptake of multiple climate change

adaptation strategies. This implies that access to credit increases

the probability of adopting multiple climate change adaptation

strategies by 17.8%. Access to credit provides enough financial

support and financial resources to farmers to adopt climate change

adaptation strategies (Atube et al., 2021). Financial resources are

one of the challenges faced by farmers and act as a barrier to

the uptake of different adaptation strategies (Moniruzzaman et al.,

2023) because some of the adaptation strategies are expensive, such

as the installation of irrigation systems and crop diversification.

This result concurs with Teklewold et al. (2019), who reported

that the inability to access credit limits the adoption of multiple

climate-smart strategies in Ethiopia.

Off-farm income also had a positive and significant relationship

and increased the probability of the farmers using multiple

adaptation strategies by 9.3%. Off-farm income provides additional

monetary resources to help the farmers uptake multiple climate

change adaptation strategies that will enable them to cope with the

negative effects of climate change. These results are supported by

Bundi et al. (2020), who reported a positive relationship between

off-farm income and uptake of multiple pre-harvesting practices

among mango farmers in Kenya.

Access to training is significantly and negatively associated

with the use of multiple climate change adaptation strategies.

This implies that access to training reduces the probability of

using multiple climate change adaptation strategies by 5.42%. This

result is contrary to the expectations, but Kpadonou et al. (2017)

reported that attending training does not necessarily lead to an

increased adoption rate. This may be due to trainings that focus

on specific adaptation strategies, thus making farmers specialize

in a given strategy rather than adapting diverse strategies. The

results may also be contributed by the misalignment of the farmers’

needs with the training offered; strategies being emphasized in

training may not be directly relevant to farmers’ needs in their

local context, thus limiting their uptake of a wider range of

adaptation strategies.

According to the results, group membership is significant

and negatively related to the uptake of multiple climate change

adaptation strategies, suggesting that a farmer’s participation in a

group, cooperative, or even association reduces the probability of

adopting multiple climate change adaptation strategies by 22.6%.

This finding aligns with Adeagbo et al. (2023), who found a negative

relationship between membership and the level of adoption of

climate change adaptation strategies among small-holder maize

farmers in southwest Nigeria.

The results also show that access to extension services is

negatively and significantly associated with the uptake of multiple

climate change adaptation strategies. This implies that access to

extension services from the government or other service providers

reduces the probability of households using multiple adaptation

strategies by 0.6%. This finding was unexpected as extension

services are expected to create awareness and provide knowledge

and information regarding different adaptation strategies, as

reported in previous studies (Amare and Simane, 2017; Baffour-

Ata et al., 2023; Demem, 2023). However, the uptake of multiple

climate change adaptation strategies may require a lot of financial

investment from farmers, and knowledge alone is not enough.

Rather, it needs other factors to supplement it, such as financial

aspects, thus creating a negative relationship.

Access to climate change information is negatively and

significantly associated with the uptake of multiple climate

change adaptation strategies. This means that access to climate

change information increases the probability of using multiple

climate change adaptation strategies by 9.3%. This outcome was

unexpected, as access to climate change information is supposed to

provide farmers with knowledge about expected weather patterns

and changes, allowing them to prepare and implement various

adaptation strategies (Adeagbo et al., 2023).
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TABLE 3 Factors a�ecting the adoption of climate change adaptation strategies (multinomial logit regression).

Variable Crop diversity dy/dx Irrigation dy/dx Cover crops dy/dx Drought resistance
crop dy/dx

Household size 0.0043 (0.007) 0.0009 (0.006) −0.0111∗ (0.006) 0.0099∗ (0.005)

Credit access 0.0306 (0.041) 0.0740∗∗ (0.036) −0.1288∗∗∗ (0.034) 0.0561 (0.035)

Age 0.0030∗∗ (0.001) −0.0003 (0.001) −0.0007 (0.001) −0.0023∗∗ (0.001)

Training access 0.0852∗ (0.048) 0.0064 (0.041) −0.0640∗ (0.034) −0.0583 (0.039)

Membership access −0.0060 (0.045) −0.1066∗∗∗ (0.040) 0.0695∗ (0.037) −0.0116 (0.036)

extension 0.0186∗ (0.011) −0.0462∗∗∗ (0.009) −0.0362∗∗∗ (0.010) −0.0306∗∗∗ (0.009)

Information 0.0364∗∗ (0.017) 0.0280∗ (0.015) 0.0256∗ (0.04) −0.1008∗∗∗ (0.020)

Log income (off-farm) 0.0908∗∗∗ (0.019) 0.0110 (0.017) −0.0434∗∗∗ (0.016) −0.0403∗∗ (0.016)

No of observation 723

Base category No adaptation

LR chi-square (36) Prob > chi2 1,580.0000

Log likelihood −1,023.3

Pseudo r 0.1

The values denote the marginal effect (dy/dx) with standard errors in parentheses. ∗ , ∗∗ , ∗∗∗ denote significance at the 10%, 5%, and 1% levels, respectively.

Source: Household survey data for 2021.

TABLE 4 Factors a�ecting the use of multiple climate change adaptation strategies adopted (Ordered probit regression).

Variable Coe�cient SE Marginal e�ect

Prob (Y =

0|X) dy/dx
Prob (Y =

1|X) dy/dx
Prob (Y =

2|X) dy/dx
Prob (Y =

3|X) dy/dx
Prob (Y =

4|X) dy/dx
Prob (Y =

5|X) dy/dx

HH size 0.0202 0.013 −0.0025 −0.0034 −0.0022 0.0015 0.0032 0.0033

Credit 0.6124∗∗∗ 0.087 −0.0759∗∗∗ −0.1022∗∗∗ −0.0654∗∗∗ 0.0463∗∗∗ 0.0967∗∗∗ 0.1004∗∗∗

Training −0.3457∗∗∗ 0.10 0.0428∗∗∗ 0.0577∗∗∗ 0.0369∗∗∗ −0.0261∗∗∗ −0.0546∗∗∗ −0.0567∗∗∗

Membership −0.2325∗∗ 0.093 0.0288∗∗ 0.0388∗∗ 0.0248∗∗ −0.1758∗∗ −0.0367∗∗ −0.0381∗∗

Extension 0.1667∗∗ 0.082 −0.0206∗∗ −0.0278∗∗ −0.0178∗∗ 0.0126∗∗ 0.0263∗∗ 0.0273∗∗

Log income

(off-farm)

0.3188∗∗∗ 0.077 −0.0395∗∗∗ −0.0532∗∗∗ −0.0341∗∗∗ 0.0241∗∗∗ 0.0503∗∗∗ 0.0523∗∗∗

Information −0.3209∗∗∗ 0.094 0.0397∗∗∗ 0.0535∗∗∗ 0.0343∗∗∗ −0.0243∗∗∗ −0.0507∗∗∗ −0.0526∗∗∗

Sample size 723

Prob > chi2 0.000

Log likelihood −1,238.51

∗ , ∗∗ , ∗∗∗ denote significance at 10%, 5%, and 1% levels, respectively. dy/dx is the marginal effect.

Source: Household survey data 2021.

4 Conclusions and policy
recommendations

The study shows that crop farmers in Busia adopted

different climate change adaptation strategies for sustainability

and to build resilience against the negative impact of climate

change. The adaptation strategies adopted include crop diversity,

manure application, gardening technologies, timely planting,

intercropping, irrigation, mulching, use of drought-resistance

crops, cover crops, improved seed varieties, and short-season crops.

It is evident from these results that there is a low uptake of

most climate change adaptation strategies, yet they are important

in building resilience among crop farmers. The use of different

climate change adaptation strategies is also the county’s strategy

and priority to reduce the impact of climate change and improve

household livelihoods. Thus, this study offers data that will

help design interventions and programs that incorporate climate

adaptation strategies tailored to the diverse challenges crop farmers

face due to climate change.

Various factors such as age, household size, access to credit,

training access, off-farm income, group membership, frequency

of receiving climate change information, and extension services

have contributed to the uptake of different adaptation strategies

among farmers in Busia. Off-farm income and access to credit

contributed to the uptake of multiple climate change adaptation

strategies. Notably, certain adaptation strategies, such as the
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use of cover crops, do not rely on credit and thus present

a viable option in a resource-constrained environment, given

their potential to improve productivity and household food

and nutrition security. However, strategies such as irrigation

need financial resources to be implemented. This shows the

importance of information and awareness in driving the adoption

of various adaptation strategies while also highlighting the

complementary role of financial resources, especially for the uptake

of multiple strategies. Therefore, the study recommends policies

and interventions that integrate knowledge-oriented approaches

such as extension services, training, climate change education,

and group participation, as well as financial mechanisms like

income generation and credit access. These combined efforts will

help farmers adopt diverse and multiple adaptation strategies

for sustainable crop production. This highlights the need for

targeted support and capacity-building programs that align with

farmers’ needs and challenges. These interventions can also be

coupled with credit access in some scenarios to assist farmers in

overcoming the technical and operational challenges associated

with limited resources. The study suggests the mainstreaming

of the knowledge aspect in extension both by the government

and other extension service providers to capacity build farmers

on the best climate change adaptation strategies and climate

change information to help them adapt to relevant strategies based

on their climate change challenges and needs; this will help in

building farmers resilience toward climate change, thus improving

their livelihood. The study also recommends that policymakers

and financial institutions collaborate and facilitate accessible and

affordable credit mechanisms to support small-holder farmers

in acquiring different climate change adaptation strategies based

on their challenges. The government and other stakeholders in

the field may also develop programs that promote a balance

between resource-intensive strategies and sustainable agricultural

practices that are less resource intensive to encourage a wider

range of climate change adaptation strategies among the farmers

for improved productivity and food security.

This study also provides detailed insights into various climate

change adaptation strategies that can be used by crop farmers in

areas similar to those studies, as well as by policymakers, to design

policies and interventions for sustainable crop production in an

ever-changing climate. The study recommends that future research

should systematically examine the specific content and delivery

mechanisms of climate change adaptation training programs for

farmers. Additionally, there is also a call for future studies to

explore credit access in relation to climate change adaptation

strategies, including the cost of such credit and the ability of farmers

to repay. By employing panel data analysis, researchers could study

how well the alignment between training content and farmers’

needs affects the long-term adoption of adaptation strategies and

their subsequent impact on household food security and other

livelihood outcomes.
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