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ABSTRACT----- Kenya is one of the many countries in Sub Saharan Africa affected by climate variability and its
related hazards due to changes in temperature and variations in rainfall in most parts of the country. The present study
has been undertaken to assess the adaptation strategies applied by the small scale farmers in response to climate
variability in Nyandarua County. The study has been conducted in central region of Kenya which is relatively humid
and good for agricultural production. A total sample size of 300 respondents from five sub counties was used to collect
the primary data through the random sampling technique. Descriptive Likert analysis and Inferential binary logit
regression was used to assess the factors affecting the willingness to adopt crop insurance to mitigate the risks of
variability of climate on crop farming. The results of the study indicate that adoption of crop insurance scored very low
in relation to other adaptation strategies. The logit regression model on the other hand revealed that age and marital
status was positively significant with willingness to adopt crop insurance while the marginal effects of levels of income
and monthly income implied that the likelihood of willingness to adapt crop insurance increased by 1.32 times and 13.3
percent respectively. Based on the study findings, if small scale farmers are well supported to adopt crop insurance,
then this adaptation strategy can be among the most effective strategies in Kenya. However, due to low adaptive capacity,
more awareness needs to be created on the importance and procedures of obtaining the specific agricultural insurance
covers. The study concludes that modern adaptation approaches are important in presence of formal crop insurance
policies especially in the rural areas of Kenya.
Keywords---- Climate variability; adaptation strategies; crop insurance; binary logit model
_________________________________________________________________________________________________

1. INTRODUCTION
Recent studies in agricultural production have found out that climate variability pose great challenges to
agricultural output which vary from region to region and type of agricultural systems (Malik et al. 2010). In order to reduce
the crop output losses and maximize the current agricultural output, adaptations in crop management will no doubt be
required (IPCC 2007). Adaptation strategies can broadly be divided into two groups i.e. short-term and long-term
adaptations (Bryant et al., 2000). Short term adaptations is where the farmers commonly select some measures
autonomously as a result of the current observed climatic changes based on the past experiences and knowledge they have
(Holzkämper, 2017).Transformative long term strategies on the other hand requires proper planning which are also
systematically implemented on a wider spatial scale (Holzkämper, 2017).
The adaptation strategies commonly undertaken by small scale farmers often emanate from policies undertaken
by public and private actors (Hassan and Nhemachena, 2008). These range of actors ensures that proper adaptation
measures related to climate variability are well implemented systematically by considering the investments in infrastructure
and technologies as well as behavioral changes (Adger et al., n.d.). Developing countries like Kenya have registered a long
record of strategies undertaken to adapt to the negative effects of climate variations especially in crop farming (Mikalitsa,
2010). Small scale farmers in Kenya and especially in the dry areas have been observed to have undertaken a range of crop
based adaptation measures to caution them against the risks of crop output losses (Wambua et al., 2014). These adaptations
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strategies includes adjusting planting periods, land management and soil conservation practices, irrigation, crop
diversification, water management and crop insurance. (Muriithi DI, 2020).
The ongoing international treaties and conventions on climate change have mounted great pressure on the Kenyan
government to protect the small scale farmers livelihoods against the impacts of local climate variability (Simotwo et al.,
2018). Majority of small scale farmers in Kenya are poor and their limited capital reduces the amount of disposable
resources they can invest in proper adaptation activities (Oluoko-Odingo 2011). These challenges make the small small
scale farmers to come up with poor decisions regarding the most appropriate adaptation measures and proper timing to
apply them(Sen et al., 2020). These challenges increase small scale farmers’ vulnerability to climate variation (Wambua et
al. 2008). Past studies have shown that in order for the various actors to reduce the negative effects associated with climate
variability, it is important for the policy makers to evaluate how small scale farmers can presently prepare for future climate
variability adaptations (Deressa et al, 2010).This evaluation can only be done by properly understanding the current small
scale farmers’ levels of resilience (Rakib, 2014).
One of the more promising proposals for reforming the crop farming sector against the effects of climate
variability is crop insurance programs(Sen et al., 2020). However this adaptation strategy is greatly influenced by
willingness and ability to adopt crop Insurance as an adaptation strategy. This creates a gap for this study

2. STUDY AREA
Nyandarua County lies within the equatorial climatic region of Kenya experiencing low to moderate temperatures.
The lowest temperatures have been documented in the months of July with the average mean temperature going below
120c. On the other hand, the highest temperatures recorded have been in the month of December with the mean temperature
rising up to 250c. During the periods of clear nights, the cold air rises in the slopes of Aberdare ranges and flows down the
west of plateaus valleys where temperatures fall up to -1.30 C for a short time before the sun rises. The county receives two
bimodal rainfall seasons with short rains from September to December with 700mm as maximum rainfall and long rains
from the month of March to May with a maximum of 1600mm (Omwoyo and Akivaga, 2015). The county is known for
major crops such as maize, wheat, vegetables and Irish potatoes. These crops are not entirely for subsistence because some
are sold to account for a substantial income for most of the households (Kaguongo, et al., 2007). The entire arable land in
Nyandarua is 184,900.0 ha but only 96,062 ha land is under cultivation. The recent climatic conditions have shown that
some parts of the County are receiving periods of dry spells and very low temperatures at times leading to crops failure
and reduced crop yields (Jaetzold et al., 2007).

3. MATERIALS AND METHODS
3.1 Descriptive and Likert Scaling Method
Likert-type scaling has widely been used in the field of social science studies. In a Likert-type scaling, respondents
were asked to indicate degree of each statement in terms of how they perceived the effectiveness of crop insurance as an
adaptation strategy. This study used four degrees of agreement or disagreement and coded the scaling as very effective (4),
effective (3), less effective (2) and not effective (1). The data was collected for the nine adaptation strategies which were
relevant to this study. The Likert scaling for this particular study was used to express definite favorableness or not
favorableness by the respondents about different adaptation strategies adopted.

3.2 Inferential Binary Logistic Regression Model
Logistic regression model has widely been used in social sciences to investigate the relationship between ordinal or
categorical response probabilities and categorical variables (Stephan, 2015). This model was preferred in this study since
it has been widely adopted from 1960s due to advantage in dealing with discrete variable outcome (Thoai et al 2018). The
general formula of the binary logit model is expressed by the following formula;1.

Logit (P)=Xß=ß0 + ß1X1 + ß2X2 +………………. ßKXK

Where-;
Xß is the probability of achieving the dependent variable Y given a set of independent variables
2.

P1 (Y1=1)

𝑒𝑥ß
1+𝑒𝑥ß

ß0= Indicates log odds ratio
3.

Xß=ß0 + ∑𝑛𝑖=1 ßi Xki

X1, X2, X3…………….XK; Refers to the probability of the explanatory or independent variables. Reporting of the logistic
regression model is done by stating the odds Ratio=Exp(ß), Coefficient of marginal effect (ME), Significance levels (P).
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An odds ratio represents how much likely variable Y=1 is related to variable Y=0, given a set of independent
variables X1……..XK . In this study, the odds ratio has been used to determine the likelihood of the sample respondent
adopting crop insurance compared to not adopting crop insurance based on some socio economic characteristics of the
small scale farmers i.e. age, marital status, level of income and level of education. The logit model was constructed from
300 small scale farmers who were asked whether they had adopted crop insurance as an adaptation strategy and analyzed
using SPSS version 14.0. The response of this question was discrete (either Yes =1 or No=2). Age of the respondents was
measured in years which were put in categories. It was assumed that an increase in age bracket increased the likelihood of
adopting the crop insurance, likewise education levels. Small scale farmers with higher education levels were assumed to
be knowledgeable about insurance options and therefore likely to adopt crop insurance much better than those with lower
education levels. Higher incomes and male headed households were also hypothesized to increase the probability of
adopting crop insurance as an adaptation strategy.

4. RESULTS AND DISCUSSION
4.1 Socio-economic characteristics of the sampled small scale farmers
The age bracket that recorded the highest respondents was 46-55 years (25.42%) followed by 36-45 years
(23.75%). Respondents aged below 25 years recorded the lowest response of 9.03% while one respondent (0.3%) declined
to give his age. Out of the 300 questionnaires administered, 191 (63.67%) respondents were male and 106 (36.33%)
respondents were females. However there was none who reported as being trans-gender or failed to report the gender.
Regarding to this variable, majority 223 (74.3%) of the respondents were married while 75 (25%) were single. However
due to sensitivity of the question, 2 (0.7%) respondents declined to declare their status. This variable description could
mean that the small scale farmers were settled in the county with stable families and therefore labour mobility was less.

Table 1: Marital status of the respondent
Marital status of the respondent
Single
Married
No response
Total
Source: Author 2020

Frequency
75
223
2
300

Percentage
25.0
74.3
0.7
100.0

Cumulative %
25.0
99.3
100.0

Results of the study showed that farming is the major source of income among the small scale farmers in
Nyandarua County while casual labour is the least source of income. However, majority of the respondents said that they
have more than one income source revealing that they had engaged in income diversification. In addition, majority of the
respondents reported that their monthly income was below Kshs. 10,000. This income level was perceived to be low and
therefore it was anticipated that it could be one of the challenges/limitations that would hamper proper and effective
adaptations to climate variability.

Table 2: Level of income
Monthly income in Ksh.
Frequency
Percentage
Cumulative %
<10,000
114
38.0
38.0
10,001-20,000
95
31.7
69.7
20,001-30,000
40
13.3
83.0
30,001-50,000
44
14.7
97.7
>50,0001
7
2.3
100.0
Total
300
100.0
Source: Author 2020
From the results, the researcher established that most of the small scale farmers had attained significant levels of
education which was anticipated that it could have had some positive contribution to adaptation; Secondary level (43.33%),
College level (20%), and University level (11.3%). Low levels of education (25%) could have been attributed to by high
drop out at primary level especially for girls due to early pregnancies and early marriages (Glennerster, et al., 2011).

4.2 Climate variability preparedness and adaptation measures
About 13.1% of the respondent said they had changed planting dates as an adaptation strategy. About 20.3 % of
the respondent cultivated different crop varieties which were perceived to be more resistant to variations in climate. Crop
diversification had been adopted by the majority of small scale farmers (20.3%). About 13.1% of small scale farmers had
decided to apply some crop irrigation to improve the crop yields while 4.9% of respondent perceived the search for offfarm jobs i.e. income diversification as an adaptation strategy. Green house technology and crop insurance registered the
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lowest score of adaptation of 5.9% and 2.1% respectively. 15.2% of the respondents indicated that they had used other
adaptation strategies that were captured by the questionnaire as descriptive and open ended responses. These strategies
included; agroforestry, mixed cropping, increasing size of cultivatable areas of land, switching from crops to livestock and
fertilizers and manure application for soil conservation strategies.

Table 3: Adaptation strategies applied by the respondents
Adaptation strategy
Frequency
Crops diversification
87
New crop variety
87
Other adaptations technique
65
Use of crop irrigation
56
Adjusting planting dates
56
Greenhouse technology
25
No response
23
Income diversification
21
*Crop insurance
9
Total
429
 *Adaptation strategy subjected to Logistic Regression Analysis
 Notes: Multiple responses reported
Source: Researcher 2020

Percentage

Cumulative %
20.28
20.28
15.15
13.05
13.05
5.83
5.36
4.9
2.1
100

20.28
40.56
55.71
68.76
81.81
87.64
93
97.9
100

4.3 Small scale farmers’ perceptions about the effectiveness of the adaptation measures adopted
The results of the perceptions about the effectiveness of the adaptation strategies adopted in improving the crop
yields were presented in the table below. The likert scale analysis indicated that crops diversification and planting new
crops varieties that were resistant to climate variability and its related effects were the most effective perceived adaptation
strategies. Adoption of crop insurance in this case recorded the lowest standard deviation of 0.17 with 8 out 9 respondents
who had adopted it perceiving it as an effective strategy to caution farmers against loss arising from adverse climatic
variations. Based on these findings, it is evident that if many small scale farmers are willing and able to adopt crop
insurance, then this strategy can be among the most effective strategy. However, due to low adaptive capacity for this
strategy, more awareness need to be created on the relevant and procedures of obtaining the specific agricultural insurance
covers.

Table 4: Likert scale for the perception count of the effectiveness of the adaptation strategies
Very
Effective
Less
effective
effective
Crops diversification
15
55
2
New crop variety
16
50
1
Use of crop irrigation
12
38
0
Adjusting planting dates
7
24
2
Greenhouse technology
7
17
1
Income diversification
1
13
1
*Crop insurance
2
6
1
 *Adaptation strategy subjected to Logistic Regression Analysis
 Notes: Multiple responses reported
Source: Researcher 2020
Adaptation strategy

Not
effective
15
20
6
23
0
16
0

Total

Mean

S.D

87
87
56
56
25
31
9

1.71
1.71
1.81
1.81
1.92
1.93
1.97

0.45
0.45
0.39
0.39
0.27
0.26
0.17

4.4 Results of the Binary Logit Model for crop insurance adaptation strategy
The result of the response on willingness to adopt crop insurance adaptation strategy by the sample respondents
was given in Table 6. It is indicated that only 3 percent of the farmers’ were willing to adopt crop insurance adaptation
strategy and 97 percent of the farmers’ were not interested to participate in the adaptation strategy. Results of the binary
logit model found that the LR χ2 was statistically significant at 0.05 percent level (P=0.948). This significant level indicated
that the overall relationship between the explanatory indicators and the probability of adopting crop insurance to combat
the effect of climate variability was not statistically significant. The value of Pseudo R2 was 0.015 revealed that all the
explanatory variables explained 1.5 percent of the probability that farmers would adopt crop insurance for climate
variability as and adaptive mechanism (Table 6).
From the results of binary logit model, age of the sample household was positive and not significant at 5 percent.
This implied that an increase in age from one bracket to the other increased the probability of adopting crop insurance at
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a rate at 155.6 percent since the elder farmers were more interested to adopt crop insurance. On the other hand, the
coefficient of education was negative (-0.482) and insignificant association (P=0.250) with willingness to adopt crop
insurance to mitigate the impacts of climate variability. The marginal effect of education indicated that the probability of
willingness to adopt crop insurance by sample farmers was increased by 132.2 percent since the educated farmers’ were
well aware of crop insurance to avoid the risk. The results also showed that marital status among the respondents was
positively significant and its marginal effects implied that the probability of willingness to adopt crop insurance by women
increased by 1.2 percent similar to the study conducted by Ngigi (2017). Level of income coefficient was found to be 0.199 which meant that lower incomes increased the probability of adopting crop insurance by 13.3%. In conclusion, the
overall marginal effects indicated that the probability of prediction was 421 percent for willingness to adopt crop insurance
to reduce the impacts of climate variability on crop farming. These findings were similar to Sarwary et al., (2020).
The results of odds ratio for those variables which have one or more than one indicates that the likelihood of
happening the event on willingness to adopt crop insurance will be more than the non-happening of event. The variables
which are having more than one odds ratio were age (1.501) and marital status (1.088) increased the chances of probability
of sample respondents for willingness to adopt crop insurance as climate variability adaptive strategy.

Table 5: Response on adoption of crop insurance as an adaptation strategy
Adopted crop insurance
Frequency
Valid

Yes (1)
No (2)
Total
Source: Researcher 2020

9
291
300

Percent
3.0
97.0
100.0

Valid Percent
3.0
97.0
100.0

Cumulative Percent
3.0
100.0

Table 6: Estimated results of the binary logit model for adoption of crop insurance
Indicator

Coefficients

Age
Marital status
Level of income
Level of education
Constant
Log likelihood
LR χ2
Prob > χ2
Pseudo R2
Overall ME
Source: Author’s computations 2020

0.406
0.085
-0.119
-0.482
3.750
43.431
0.948
0.948
0.015
-

Std.
Error
0.325
0.775
0.325
0.419
1.828
-

P-value

Marginal effects (ME)

Odds ratio

0.212
0.913
0.715
0.250
0.040
-

1.556
0.012
0.133
1.322
4.211

1.501
1.088
0.880
0.618
-

5. CONCLUSION AND POLICY RECOMMENDATIONS
The small scale farmers scored poorly in certain climate change adaptation activities like embracing crop
insurance (1.3%). The findings were similar to results of a study done by Limo (2013) where none of the respondents had
ever adopted crop insurance as an adaptation measure to climate variability. However, based on the Likert scale analysis,
it is evident that if many small scale farmers are willing and able to adopt crop insurance, then this strategy can be among
the most effective strategies in crop farming. Crop insurance is one of the financial adaptation options that small scale
farmers should use to reduce the climate-related risk of income loss. However, this strategy should be supported by the
government by providing inducement programs that greatly influence small scale farmers’ financial management
pronouncements. The research findings uphold those of Dercon, (2002) that the modern adaptation approaches are
important in presence of formal insurance especially in the rural areas. This is because this approach can influence the
wellbeing of small scale farmers by safeguarding and protecting their assets in times of adverse weather conditions. Limited
awareness and lack of information about the relevant insurance products and procedures was cited by 22% of respondents
as one of the major hindrances to adoption of this adaptation strategy.
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