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Abstract

This paper examines factors influencing the choice of response strategies and the actual strategies smallholder farmers
use to respond to the effects of climate variability in transitional climatic zones of Africa, specifically Laikipia West Sub-
County in Kenya. Data for this study were collected from 392 randomly selected smallholder farmers, using a structured
questionnaire. The study used principal component analysis to group together related strategies that farmers used to
respond to the effects of climate variability, which resulted into seven groups of responses. Majority of farmers at 97.5%,
85% and 74.1%, respectively, used cultural practices, diversification practices and risk reduction practices. Intensification
practices followed by 69.3% while terraces crop and herd management and new breeds were the least adopted at 27%,
13.2% and 9%, respectively. Multivariate probit model was then used to examine the factors influencing smallholder
farmers’ choice of response strategies to effects of climate change. The results indicated that access to weather informa-
tion had a strong effect on use of risk management strategies at 74% and intensification strategies at 49%. Increase in
level of education and exclusive dependence on agriculture increased the probability of introducing new breeds by 30%
and 53%, respectively, while access to extension services increased use of terraces by 42%. Strong local institutions that
facilitate access to information and credit are likely to initiate changes in key household characteristics, which positively
affect response to effects of climate variability. Policies should aim to strengthen local institutions that enhance access
to information and credit services. There is need for investment in the provision of affordable and quality education,
relevant demand-driven extension services that provide localized response solutions.

Keywords Multivariate probit - Principal component analysis - Climate variability - Arid and semiarid lands - Agro-
pastoralism - Response

1 Introduction

Agro-pastoralists in most of the sub-Saharan countries
have been affected by climate variability. This is caused by
a combination of factors, which include widespread pov-
erty, dependence on natural resources, over-dependence
on rain-fed agriculture, conflicts and negligence from the
government [5]. Agriculture is the main economic activity
that supports the livelihoods of millions of people in Africa.
This has led to most of the population become vulnerable

to effects of climate variability, which has negative effects
on agricultural productivity, thus the need for smallholder
farmers to devise adaptation measures [31]. The arid and
semiarid lands (ASALs) require special attention if Kenya is
to achieve sustainable economic development. The ASALs
cover more than 80% of the country’s land mass and sup-
port about 70% of the national livestock population, val-
ued at an estimated KShs 70 billion [41]. ASALs are largely
used for agro-pastoralism, extensive livestock production
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and wildlife. The economic impact of these climate change
threats to the country is enormous.

In the ASALs, there is widespread livestock and crop
production risks due to climate variability. In many dry
regions, most agricultural households are pastoralists or
agro-pastoralists who struggle to cope with current cli-
mate variability. The vulnerability of pastoral communi-
ties to climate change is higher due to the synergic effect
of inadequate health services, inadequate infrastructure,
poverty, lack of alternative means of income, inadequate
public awareness of disease risks and illiteracy [11]. Diverse
methods of mitigation have been adopted by pastoral-
ists and agro-pastoralists including grazing management
practices. Feed availability and seasonal fluctuations influ-
ence the appropriate method of response, which has an
implication on the kind of property rights that can be
attached to the resources [9]. These areas have naturally
high reliance on climate-sensitive activities coupled by
marginalization, regular food crises and water scarcity,
rapid population growth and limited economic and insti-
tutional capacity to cope with climate variability [14].
Thus, response is an urgent priority for farm households to
reduce the negative effects of climate variability because
the livelihoods of many low-income households are likely
to suffer from declining food production [28].

Smallholder farmers in Kenya, as elsewhere in the world,
use a range of options to respond to the negative effects of
climate variability [13, 40]. However, despite the benefits of
response strategies and the efforts made by stakeholders
to encourage farmers to invest in them, it is still not clear
how farmers respond and factors that influence the selec-
tion of the response strategies. This necessitates the need
for a proper understanding how farmers respond and the
factors that influence their response. This will help policy
makers and other stakeholders in knowing the appropri-
ate strategies to promote in dealing with effects of climate
variability. From the above discussion, we first seek to
identify the response strategies farmers use to respond to
the effects of climate variability. Secondly, we determine
the factors that influence the choice of the response strate-
gies. To achieve these objectives, we use a micro-level data
set of smallholder farmers in Kenya.

This paper contributes to the literature through the
following ways. First, we focus on arid areas, which are
the hardest hit by effects of climate variability. This
departs from high potential areas focused by earlier
researchers [1-4, 40] which do not face extreme climatic
events that occur in the arid areas. Secondly, we also
focus on a comprehensive approach combining crop
and livestock and factors influencing response and the
real response strategies used. This is different from pre-
vious studies, which focused on either crops or animal
response strategies in isolation or separately [21, 22, 27]
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which could potentially mask some important informa-
tion that may result from the correlation between the
crop and livestock strategies. Lastly, we acknowledge
that the decision to adopt response practices is inter-
dependent and farmers in arid areas typically use mul-
tiple strategies to deal with climate variability. This is
unlike other studies which focused on one or two iso-
lated responses using single adoption models [17, 32,
36, 371 which may conceal some important information
that arise from the correlations that exist when selecting
the various response strategies. A multivariate econo-
metric approach is used to take care of any existence
of unobservable household-specific factors that affect
choice of several adaptation options. We also focus on
Kenya where very few studies have been carried out on
response to climate variability in the dry lands.

2 Methods
2.1 The study area

The study area was Laikipia West Sub-County, Laikipia
County, Kenya. The area was chosen because of the fragile
environment prone to fluctuations in climatic conditions.
The effects of recurrent droughts, combined with the low
productivity of small and uneconomical land holdings,
have aggravated the severity of land degradation, with
repercussion on the livelihoods of many local communi-
ties. Farmers are trying to adjust in order to continue farm-
ing with the challenge of climate variability. The aim of the
study was to know how the farmers have responded and
the factors affecting their responses.

The study area is located between latitudes 0°17'S and
0°45'N and longitudes 36°15'E and 37°20'E, occupying an
area of approximately 9666 km?2. The county extends from
the western foot of Mount Kenya to the northeastern base
of the Aberdare Ranges. It stretches widely northwards
and descends toward the Rift Valley in the northwest with
spectacular complex of fault-line volcanic ridges and
escarpments as shown in the map of the study area (Fig. 1).

The altitude ranges between 1600 and 2300 m above
sea level on a dry land and semiarid plateau. The long
rains occur in April-May, the continental or middle rains
in August and November, and a pronounced dry season
in January—March. The average annual rainfall varies from
400 to 750 mm across the county, with higher values
observed at the foot of both Mt. Kenya and the Aberdare
Range. The human population in the county was 399,227
persons based on the 2009 census. The growth rate was
3.9% between 1989 and 1999 as compared to the national
average of 2.4% [23].
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Fig. 1 Map of the study area.
Source: World resource center
(2013)
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2.2 Sampling procedure and sample size
determination

The study used a multi-stage sampling technique. Laikipia
County was selected purposefully because of its vulner-
ability to climate variability. Laikipia West Sub-County was
selected purposefully because of the fragile environment
and vulnerability of the area to drought. Three wards Nya-
hururu, Ng'arua and Ol Moran were purposefully selected
for the study. Finally the households were randomly
selected from a list of households provided by the sub-
county Agricultural offices.

A sample of smallholder farmers was taken as repre-
sentative of the county’s smallholder farmers population.
The target population was the maize, cattle and goat farm-
ers. The population data were obtained from the area agri-
cultural offices in the three selected wards as 19,219 farm
households. The sample size was determined using the
following formula by Bowley's [10] quoted in Nzelibe [30]
proportion sample formula assuming a 95% confidence
interval as shown:

Stotal = T N@)SE

where S,.,;=total sample size of all respondents; N=total
population of farming households in Laikipia west district
(19,219) (Sub-County agricultural offices); 1=constant;
e=-error term (5%).

Hence replacing the values into the formula gives

S = 19219
total = 77 19219(0.05)2
Stotal ~ 392

= 391.844

The population data for the three wards were Nyahururu
(11,581), Ng'arua (4683) and Ol Moran (2955); therefore, the
sample size for each ward was calculated using probability
proportional to size from the identified wards as shown.

p
N X Stotal

where p =population of the individual ward; N=total pop-
ulation of the three wards; S, ., =total sample size (392).
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Table 1 Sample size for selected wards

Ward Population Number
sampled

Nyahururu 11,581 236

Ng'arua 4683 96

Ol Moran 2955 60

Total 19,219 392

This gives the sample sizes for the three wards as shown
in the Table 1.

2.3 Analytical technique

First, crop and livestock response strategies used in Lai-
kipia west were identified and grouped into heterogene-
ous groups by use of principal component analysis. The
components were rotated using orthogonal rotation (vari-
max method) so that smaller number of highly correlated
practices would be put under each component for easy
interpretation and generalization about a group. The result
of the rotation was seven principal components from a
possible 20 extracted with eigenvalues > 1 following the
Kaiser’s criterion. Principal component analysis was use-
ful in reducing the dimensionality of data without loss of
much information. This was important as it allowed deter-
mination of the relationship between strategies based
on usage and subsequent analysis by fitting the groups
into the model and reaching conclusions. The approach is
superior to the use of conventional grouping of practices

Table 2 Definition of variables that are used in the study

which would make it difficult to conclude about a group
in cases where few practices could represent the entire
group (Table 2).

The practices were grouped using principal component
analysis with iteration and varimax rotation in the model
represented as shown below:

Yy =ay X5 + apX + o+ ayX,

M

Y = X0+ apX, + -+ apX,

where Y;, Y;... Y;=principal components which are uncor-
related; a, —a, = correlation coefficient; X;, X,, X,=factors
influencing use of a particular strategy.

After grouping the response strategies, multivariate
probit model was then used to model the factors influ-
encing the choice of response strategies to effects of
climate variability. Multivariate probit model simultane-
ously models the influence of the set of explanatory vari-
ables on each of the different adaptation measure while
allowing the unobserved and unmeasured factors (error
terms) to be freely correlated [19, 20]. Complementarities
(positive correlation) and substitutability (negative corre-
lation) between different options may be the source of
the correlations between error terms or the existence of
unobservable household-specific factors that affect choice
of several adaptation options but are not easily measur-
able such as indigenous knowledge. The correlations
are taken into account in the multivariate probit model.
Thus, the adoption decision is inherently multivariate and
attempting univariate modeling excludes useful economic

Variables Definition Measurement Expected sign
Dependent variable

Response number of strategies used per farmer Continuous

WTP Farmers willingness to pay 1=Yes,0=No -
Explanatory variables

Age Age of household head Years +/-
Credit Access to credit for the use of adaptation strategies 1=Yes, 0=No +
Gender Gender of household head 1=Male, 0=Female +/-
Education Education level of household head Years spend in school +
Household size Total number of members of the household Number +/-
Land size Size of land owned by the household Acres +
Occupation Whether respondent mainly into farming or not 1=Yes,0=No +/-
Extension Number of visits received from any extension Number +
Distance to market Distance to the main market Kilometres +/-
Group membership Membership to a group 1=Yes,0=No +
Weather information Access to weather information 1=Yes, 0=No +
Crop income Income from sale of maize Continuous +/-
Wards Ward dummies with Ward1 as reference category 1=Yes,0=No +/-
SN Applied Sciences
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information contained in interdependent and simultane-
ous adoption decisions. Based on this argument, the study
adopted multivariate probit (MVP) econometric technique
to simultaneously model the influence of the set of explan-
atory variables on each of the different strategies, while
allowing the unobserved factors to be freely correlated [7,
8, 24]. The correlation may be positive correlation or nega-
tive correlation between different strategies [7, 8]. Correla-
tion coefficients and a likelihood ratio test was carried out
to see the suitability of the model.
The model is specified as follows:

Yi;kn = ﬂmxfm +Eim (2)
where Y;‘n (m=1, ..., k) represents the unobserved latent
variable of adaptation strategies adopted by the ith farmer.
(i=1, ..., n), kis the strategies adopted by the farmer. X;,,
is a 1 x k vector of observed variables that affect the strat-
egy adoption decision, the variables include household
socioeconomic, institutional factors, willingness to pay
and climate-related factors. 8, is a kx 1 vector of unknown
parameters to be estimated ¢;,, m=1, ..., M are the error
terms distributed as multivariate normal, each with a mean
of zero, and variance—covariance matrix V, where V has
values of 1 on the leading diagonal and correlations. Equa-
tion (3) is a system of m equations as shown in Eq. (2)

Y =X +ey, =1
Y: = Xnﬂn +ey, =1

if Y7 >0 Y; =0 otherwise
if Y >0 Y,=0 otherwise

3 Results and discussion

This section presents the results obtained from the col-
lected data and the comprehensive discussion of the
results. Reliability and quality of the results depended
on the respondent’s willingness to respond and ability
to remember. Use of some response strategies may have
been enhanced by promotion of the strategies in the area.
Language barrier also was a problem. These challenges
were overcome by using local extension staff in order to
enhance the trust of respondents hence their willingness
to respond. This also solved the problem of language bar-
rier, as the extension staff understood the local language.

3.1 Principle components for crop and livestock
response strategies to climate change

Table 3 presents a summary of some of the important
variables used in the study. Males at 64% headed major-
ity of the respondent households while females headed
35% of the households. 58% had primary education, 20%
had informal education and 12% had secondary educa-
tion while only 9% had tertiary education. Majority of the

Table 3 Descriptive statistics

Variables Description Percentage
Gender Male 64.47
Female 35.53
Education Informal 20.56
Primary 57.87
Secondary 12.18
College 6.09
University 3.30
Occupation Farmer 46.19
Others 53.81
Marital status Married 71.57
Single 10.66
Divorced 2.28
Widowed 15.48

respondents had other sources of income apart from agri-
culture at 54%, while 46% exclusively depend on agricul-
ture. Majority of the respondents were married at 71% and
only 11% were single.

Table 4 contains principal components with factor
loadings for each variable. The results indicate that 7
PCs explained 66.75% of total variability in the dataset.
According to De Bruin et al. [12], Kaiser-Meyer-Olkin
measure of sampling adequacy (KMO) is a measure that
varies between 0 and 1, and values closer to 1 are better.
A value of 0.6 is a suggested minimum. The Barnett’s test
of sphericity tests the null hypothesis that the correlation
matrix is an identity matrix. These tests together provide
a minimum standard, which should be passed before a
principal components analysis should be conducted. The
KMO value of 0.662 and the Bartlett’s test of sphericity
with an associated p value of <0.001 indicates that | can
proceed with PCA. This presents a good fit indicating that
the PCA results highly explained the data. A closer look at
each column of Table 4 helps us to define each compo-
nent according to the strongly associated variables. The
first component explains 17% variance and is correlated
with increased use of organic fertilizers, early planting,
water harvesting and irrigation, replanting fenced pad-
docks, crop rotation and intercropping. Thus, the compo-
nent represents cultural practices. The second component
explains 12% variance and is correlated with reduction in
herd, increase herd, adaptable species and keeping of
browsers. The component can be viewed to represent risk
reduction practices. The third component explains 10%
variance and is correlated with zero grazing, improved
fodder and mulching; hence, the component represents
intensification practices. The fourth component explains
9% variance and is correlated with staggering planting
dates and new farm animals; thus, it represents crop and
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Table 4 Principal component analysis for crop and livestock response strategies

Practices Comp1 Comp2 Comp3 Comp4 Comp5 Comp6 Comp?7 Communality
Water harvesting 0.52 —-0.11 0.02 0.05 -0.39 -0.26 -0.25 0.60
Increase manure 0.56 0.30 -0.22 -0.23 0.27 0.09 -0.01 0.60
Early planting 0.72 0.26 -0.23 -0.12 -0.10 0.00 -0.11 0.67
Replanting 0.48 -0.25 -041 0.34 —-0.05 -0.04 0.17 0.60
Staggering planting dates 0.15 0.35 0.02 0.69 -0.16 -0.35 —-0.01 0.76
Reduction of herd 0.25 0.78 0.05 —-0.04 0.00 -0.11 -0.20 0.72
Increase of herd 0.45 -0.56 -0.39 -0.10 -0.10 0.05 0.07 0.69
New farm animals 0.22 -0.09 0.20 0.49 0.16 0.48 -0.03 0.60
Zero grazing -0.29 -0.19 0.51 0.37 —-0.05 0.38 0.76
New breeds of animals -0.20 0.00 -0.02 0.44 -0.34 0.58 -0.32 0.78
Fencing 0.55 -0.26 -0.31 0.07 0.38 0.15 -0.19 0.67
Improved fodder 0.43 -0.24 0.53 0.06 -0.11 -0.22 -0.01 0.60
Crop rotation 0.49 -0.39 0.25 0.04 -0.27 0.19 0.23 0.61
Intercropping 0.57 -0.32 0.36 0.18 —0.08 -0.20 0.00 0.64
Adaptable species 0.28 0.58 0.29 0.28 -0.04 0.13 0.28 0.67
Diversification 0.41 —-0.03 0.08 -0.27 0.47 0.05 0.30 0.60
Terracing 0.07 -0.18 0.44 043 -0.22 -0.52 0.74
Keep browsers 0.22 0.42 -042 0.40 0.27 -0.06 0.21 0.67
Abandon livestock 0.30 0.30 0.40 -0.40 -0.46 0.15 0.25 0.79
Mulching 0.39 0.23 0.45 -0.24 0.25 0.31 -0.24 0.67
Eigenvalues 3.39 2.37 2.11 1.77 1.54 1.11 1.08
Cumulative percentage 16.93 28.77 39.31 48.14 55.82 61.35 66.75
Kaiser-Meyer-Olkin measure of sampling adequacy 0.68
Bartlett’s test of sphericity Approx. Chi Square 2053.43
df 190.00
Sig. 0

Extraction method: principal component analysis

The columns indicated in bold shows the component to which a particular practice falls into

herd management practices. The fifth component explains
8% and is correlated with diversification and abandoning
livestock keeping. This can be viewed as diversification
strategies. The sixth component explains 6% and is cor-
related with new breeds. The last component explains 5%
and is correlated with use of terraces; hence, the groups
formed are: cultural practices, risk reduction practices,
intensification practices, crop and herd management
practices, diversification practices, new breeds and use of
terraces. The communality column shows the total amount
of variance of each variable retained in the PCs. For the
interpretation of the principal components small values
indicate variables that do not fit well with the factor solu-
tion and should possibly be dropped from the analysis,
variables with high factor loadings and high communality
of 0.6 and above were considered from the rotated factor
matrix.

Table 5 presents the descriptive statistics of composi-
tion of each component (response strategies). Majority of
farmers at 97%, 85% and 74%, respectively, used cultural
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practices, diversification practices and risk reduction prac-
tices. These practices may be considered as basic practices
that are less technical and mostly do not require much
formal expert knowledge, hence can be carried out by
many farmers. Intensification practices followed by 69%
can be attributed to extension messages and training. Ter-
races crop and herd management and new breeds were
the least adopted at 27% and 13% and 9%, respectively.
These strategies may be constrained by access to techni-
cal knowledge, land availability and substantial financial
investment to implement, hence only few farmers who can
access one of the above are able to implement them. This
explains the low level of adoption among the households.

3.2 Socioeconomic and institutional factors
that influence farmers’ response to effects
of climate variability

To respond to climate change and reduce its negative
effects, the farmers in the study area use a combination
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Table 5 Crop and livestock
components, respective
practices and adoption

Component

Practices

Percentage

Adopters Non adopters

percentage
Cultural practices

Early planting

Increased use of organic fertilizers

97.50 2.50

Water harvesting and irrigation

Replanting
Fenced paddocks

Crop rotation

Risk reduction practices

Intercropping
Reduction of herd
Increase herd

Adaptable species

Intensification practices

Crop and herd management
practices

Diversification practices

Keep browsers

Improved fodder

74.10 25.90

Zero grazing

69.30 30.70

Mulching
Staggering planting dates
New farm animals

13.20 86.80

Diversification

Abandon livestock 85.0 15.0

New breeds
Terraces

New breeds 9.0 91.0
Terrace 27.0 73.0

of strategies. The strategies are categorized into groups
depending on their use and relatedness as in Table 4. To
determine the socioeconomic and institutional charac-
teristics that influence the choice of response strategies,
multivariate probit model was used. The results are pre-
sented in Table 3 for choice of crop response strategies.

From Table 6, the results on correlation coefficients
of error terms indicate that there are complementari-
ties (positive correlation) between different response
options being used by farmers. The results support the
assumption of interdependence between the different
adaptation options. A likelihood ratio test based on the
log-likelihood values indicate significant correlations y?
(91) =306.38; probability > y*=0.0000 justifying that the
explanatory power of the multivariate probit model had
a strong effect.

Households, which exclusively depended on agri-
culture, were 53% more likely to introduce new breeds
at 1% significance level and 27% more likely to use risk
management practices at 10% significance. Farmers who
have no other off farm occupation dedicate all their time
and resources to agriculture, hence they can, reduce or
increase herd size or introduce adaptable species they
can also invest in introducing new breeds in order to
improve their incomes. Spencer et al. [38] noted that off
farm occupation share most of farmers’ time farmers pay
little attention to their farming activity and focus on off
farm activities.

Male-headed households were 48% more likely to take
up crop and herd management practices at 5% signifi-
cance level. Male household heads have more access and
control over productive resources hence can make deci-
sions on undertaking activities, which require substantial
investment in their efforts to curb the effect of climate
variability. Introduction of new farm animals require high
investments coupled with labor that is more physical
hence men are in a better position to provide them on
farm labor force in order to adapt them. Male and female-
headed households perceive and experience climate
change in diverse ways because of their distinct socially
constructed gender roles, responsibilities, status and iden-
tities. This result varies in response strategies with men
leaning toward those that need much labor and more long
term and require more finance like introducing new ani-
mals. This is in line with Atinkut and Mebrat [5] who found
that male-headed households have greater preferences
to use strategies that require labor, finance and climate
information than female-headed households. It is also sup-
ported by Epule et al. [16] who found out that generally
females are more susceptible or vulnerable to food and
water shortages.

Older household heads are 1% more likely to use
intensification strategies, introduce terraces at 5% signifi-
cance and risk reduction practices at 10% significance as
response strategies to climate variability. There is higher
likelihood of perceiving climate change with increasing
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Table 6 Multivariate probit results for factors affecting the use of crop response practices

Cultural Risk Intense Crop and herd Diverse New breeds Terrace
Variable Coef. Coef. Coef. Coef. Coef. Coef. Coef.
Occupation —-0.27 (0.33) 0.27 (0.16)* —0.07 (0.15) 0.34(0.21) —-0.11(0.18) 0.53 (0.20)***  —0.14(0.15)
Gender 0.26 (0.32) —0.20 (0.16) 0.18(0.14) 0.48 (0.23)** -0.11 (0.19) 0.30(0.22) 0.22(0.15)
Age 0.02 (0.02) 0.01 (0.01)* 0.01 (0.01)** 0.01 (0.01) 0.00 (0.01) 0.00 (0.01) 0.01 (0.01)**
Education —-0.06 (0.22) 0.11(0.10) —-0.11 (0.09) 0.21 (0.11)** —0.05(0.11) 0.30 (0.10)***  0.14 (0.09)*
Household size —0.17 (0.08)**  —0.10(0.04)**  0.01 (0.04) —0.01 (0.05) —0.01 (0.04) —0.03 (0.05) —0.01 (0.04)
Land size 0.03 (0.07) 0.01 (0.03) 0.06 (0.03)* 0.10 (0.04)***  0.08 (0.04)* —0.05 (0.04) 0.01 (0.03)
Weather information 0.63 (0.40) 0.74 (0.16)***  0.49 (0.15)***  0.39(0.22)* 0.34 (0.19)* —0.12(0.20) —0.06 (0.15)
Extension service —0.21(0.38) 0.10 (0.16) 0.27 (0.15)* —-0.08 (0.21) —0.21 (0.18) 0.18(0.20) 0.42 (0.15)***
Group membership  0.51(0.38) 0.14 (0.16) —0.07 (0.16) 0.38(0.24) 0.15(0.19) 0.53 (0.23)** 0.12(0.16)
Credit 1.15(0.65)* -0.26 (0.17) 0.17(0.16) —-0.15(0.22) —0.05 (0.20) —0.04 (0.20) 0.28 (0.16)*
Distance to market ~ —0.07 (0.06) —0.06 (0.03)**  0.03 (0.02) 0.07 (0.03)** —0.08 (0.03)*** 0.06 (0.03)* 0.07 (0.03)***
ward2 —0.96 (0.34)*** —-0.62(0.17)*** —0.40(0.17)** 0.22(0.26) —1.10(0.20)*** 0.73 (0.23)***  —0.11(0.17)
ward3 —0.03 (0.59) 0.44 (0.26)* —0.72(0.20)*** 1.48 (0.24)***  —1.06 (0.24)*** 0.65 (0.25)***  —0.73 (0.25)***
_cons 2.32(1.14)* 0.42(0.52) —0.60 (0.48) —4.09 (0.73)*** 1.88 (0.60) —2.90 (0.67)*** —1.96 (0.48)***
Rho2 0.24%**
Rho3 0.03*** 0.01
Rho4 0.06 0.16 0.08**
Rho5 0.20%** 0.27*** 0.17 -0.13
Rho6 0.05 —0.13*** —0.17%** 0.19* —0.29%**
Rho7 0.03** -0.07 0.26*** 0.07*** 0.08 -0.07
Observations 392
Log-likelihood 920.34
Wald 42 (91) 306.38
Prob > »? 0.0000

Likelihood ratio test of rho21=rho31=rho41=rho51=rho61=rho71=rho32=rho42=rho52=rho62=rho72=rho43=rho53=rho63=rho7
3=rho54=rho64=rho74=rho65=rho75=rho>76=0: chi2(21)=117.229 Prob > chi2=0.0000 ***, ** *=Significant at 1%, 5% and 10% sig-

nificance level, respectively
Figures in parenthesis represent standard errors

age of the head of the household associated with experi-
ence, which lets farmers observe changes over time and
compare such changes with current climatic conditions.
Older farmers are more likely to have more information
and knowledge on changes in climatic conditions and
crop and livestock management practices. This makes
them ready to respond to climate change using different
methods. Experienced farmers are usually leaders and
progressive farmers in rural communities and are mostly
targeted by extension agents and other stakeholders in
promoting response adaptation to changing climatic con-
ditions. Mudombi-Rusinamhodzi et al. [26] note that, as
household head gets older, more educated and acquire
more faming experience; responsiveness to climate varia-
bility-induced hazards will increase.

More educated household heads are 30%, 21% and 14%
more likely to introduce new breeds, use crop and herd
management, and construct terraces, respectively. There
was significant relationship between education level and
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introduction of new breeds, use of crop and herd man-
agement and construction of terraces as response strate-
gies at 1%, 5% and 10% significance level, respectively.
Introduction of new breeds, new farm animals and terrace
construction are strategies, which need higher techni-
cal expertise. Farmers that are more educated are likely
to be more knowledgeable and progressive, hence can
easily implement these strategies. Being more educated
improves the ability to access information and interpret
the information. This may influence uptake of response
strategies such as introducing new farm animals and new
breeds. Higher level of education may also enhance access
to off farm employment. The extra income can be used to
invest in terraces, introduce new farm animals and new
breeds. Higher education level may also influence farmers’
attitudes and decisions, making them more open, rational
and able to analyze the benefits of response strategies.
Esiobu and Onubuogu [18] found similar results in choos-
ing climate change adaptation options attributed to



SN Applied Sciences (2019) 1:827 | https://doi.org/10.1007/542452-019-0849-x

Research Article

educated farmers having more knowledge on response
to climate change strategies. In contrast, Runhaar et al. [35]
found that higher education levels and higher cash earn-
ings put farmers in a less vulnerable situation hence they
are less likely to respond to climate variability.

Households with many members are 17% and 10% less
likely to use cultural practices and risk reduction strate-
gies, respectively, at 5% significance level to reduce the
impact of climate variability. Some of the strategies such
as water harvesting, early planting, crop rotation and inter-
cropping, use of paddocks, increasing and reducing herd
size do not require much labor which may be provided
by a large household. More household members increase
pressure on the income of the household heads and the
farm incomes. This leads to much income being diverted
to the consumption expenditure at the expense of being
invested in the response practices. Members of a larger
household may be tempted to revert to off farm activi-
ties in order to get extra income to cater for the increased
needs. This leaves them with less time to concentrate
on farming activities. However, this contradicts with the
findings of Raymond et al. [33] who found that increasing
household size by one member increases the probability
of adaptation by 1% and attributed it to having additional
household labor, which facilitates adaptation.

Households with large land sizes are 10%, 6% and 8%
more likely to use crop and herd management practices,
intensification practices and diversification, respectively,
as responses to climate variability. There was significant
relationship between land size and use of crop and herd
management practices, intensification practices and diver-
sification at 1% and 10% significance level, respectively.
Large farm size allows farmers to diversify farm enterprises
to minimize climatic and agricultural risks. Zero grazing
also needs land for pasture and fodder cultivation in order
to minimize the production costs. Land is an asset an par-
ticularly during the dry spells may be used by farmers
to access credit and other resources that can enable the
implementation of capital intensive response strategies
like zero grazing, planting improved fodder, introduction
of new animals. Raymond et al. [33] noted that an addi-
tional hectare of land increases the likelihood of adapta-
tion by 6% among farmers in the middle-income tercile
and 2% among farmers in the highest income tercile
because Access to land and property rights are important
determinants of adaptation.

Access to weather information increased the likelihood
of using risk reduction practices by 74% and intensification
practices by 49% at 1% significance level, crop and herd
management by 39% and diversification by 34% at 10%
significance level. Practices such as staggering planting
dates, introducing adaptable species, mulching, reduc-
ing herd size and abandoning livestock may depend on

prior knowledge of the farmer about the anticipated vari-
ability in climate. Access to information on variability is
likely to enhance their probability to perceive climate
variability, and take up adaptation techniques. If farmers
receive information about rainfall, they are more likely to
adjust planting time, reduce herd size, perform mulching
plant improved fodder or keep browsers depending on
the nature of the information. Access to information on
climate change enables farmers to make informed agro-
nomic decisions. If the information is reliable, farmers can
time their operations, choose what varieties to grow, as
well as crop mixes [15].

Households with access to extension services are 42%
and 27% more likely to use terraces and intensification
practices, respectively. The results indicate there is a sig-
nificant relationship between access to extension and use
of terraces and intensification practices at 1% and 10%
significance level, respectively. Extension agencies act as
a link between the innovators (researchers) of the technol-
ogy and users of that technology. They focus on the provi-
sion of training, which improves the skills of household
members to improve their own situation and adaptive
capacity. Farmers who have significant extension con-
tacts have better chances to be aware of changing climatic
conditions and also of the various management practices
that they can use to adapt to changes in climatic condi-
tions. Mulching, planting improved fodder, zero grazing
and terrace construction are some of the practices that
most extension agents encourage farmers to practice
because they are considered the basic practices that can
be easily implemented by farmers. Extension agents trans-
fer modern agricultural technologies to farmers to help
them counteract the negative impact of climate change.
Atinkut and Mebrat [5] found that increased extension
contacts is likely to increase the probability of the farmer
to adapt crop-diversification, soil and water conservation
and seasonal migration because farmers who have access
to extension services are more likely to be aware of cli-
matic conditions. Aymone [6] also noted that extension
on crop and livestock production represent access to the
information required to make decision on adaptation to
climate change.

Farmers who belonged to a group were 53% more likely
to introduce new breeds to respond to climate variability.
There was a significant relationship between group mem-
bership and introduction of new farm animals 5% signifi-
cance level. In technology adoption, group membership
enhances social capital which plays a significant role in
information exchange. Information about new farm ani-
mals among others can be found through the interaction
of different group members who have different experi-
ences. Membership to a group encourages farmers to
engage in a united strategies orientation, hence they share
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knowledge and innovative ideas, discuss problems and
challenges with others and engage in collaborative deci-
sion making. Groups also increase the chances of mem-
bers accessing credit and hence enhancing their financial
muscle to invest in the response strategies. The group
platform acts as an interface for information exchange.
Moreover, when farmers work in groups, they are likely
to be influenced by the actions of their peers, hence they
will be motivated to adopt new strategies especially if they
see the positive impacts of the strategies on their peers. It
is through such groups that the members can also share
climate information [42].

Access to credit increases the likelihood of implement-
ing cultural practices by 150% and terrace construction
by 28% at 10% significance level. Credit increases finances
available to the farmers to take up different response strat-
egies especially those that command substantial invest-
ments like water harvesting and irrigation, increased use
of organic fertilizer and terrace construction. This isin line
with the findings of Nhemachena et al. [29] who found
credit to have a positive impact on adaptation strategies.
They argued that with more financial and other resources
at their disposal, farmers are able to change their man-
agement practices in response to changing climatic and
other factors. They are able to make use of all the available
information they might have on changing conditions both
climatic and other socioeconomic factors.

Distance to the market reduces the likelihood of using
diversification practices by 6% at 1% significance and
risk reduction practices by 8% at 5% significance. While it
increases the likelihood of using terraces by 7%, crop and
herd management by 7% and new farm animals by 6% at
1%, 5% and 10% significance level, respectively. Access to
markets by smallholder farmers has a strong impact on
agricultural production through its influence on the prof-
itability of agricultural output and household incomes.
Any surplus incomes obtained may be invested in diversi-
fication and risk management technologies provided the
required inputs that complement the technologies are
also accessible in the markets. Longer distances tend to
increase transaction costs, hence minimizing the surplus
that can be used in responding to climate variability. This is
in line with Spencer et al. [38] who noted that distant farm-
ers have higher transaction cost for acquiring input and
output thereby reducing the relative advantage of adopt-
ing new technologies. Proximity to market is an impor-
tant determinant of adaptation, presumably, because
the market serves as a means of exchanging information
with other farmers [25]. On the contrary, longer distance
to the market increases the likelihood of using crop and
herd management, new breeds and terraces. Farmers who
are further from the market may encounter problems of
information asymmetry on both input and output markets.
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This may increase the costs incurred by the farmers mak-
ing them to stagger planting dates in order to reduce risk.
On the other hand, farmers may decide to respond by
introducing new farm animals and new breeds in order to
reduce the costs of accessing from the market. Tesfaye and
Seifu [39] found similar results and attributed the remote-
ness from markets to favor multiple cropping over special-
ized crop cultivation.

In terms of regional effects, farmers living in Ng'arua
were significantly likely to introduce new breeds by 73%
as a response to climate variability at 1% significance
level relative to Nyahururu farmers. Nyahururu farm-
ers by contrast were 96%, 62% and 10% likely to uptake
cultural practices, risk reduction and diversification prac-
tices, respectively, at 1% significance level and 40% likely
to uptake intensification practices at 5% significance level
than Ngarua farmers. Ng'arua and Nyahururu are both
classified as Mixed Farming (MF) zones Roden et al. [34]
but Ng'arua borders Marginal Mixed farming zones which
differentiates it from Nyahururu. Farmers in Ng'arua have
substantially larger land sizes hence are able to introduce
new breeds of animals on the farm. They are mainly wheat
and maize farmers which could be used to facilitate access
to fodder for new breeds of animals through crop residues.
Lack of grazing lands necessitate the need for new breeds
that can utilize the available feeds. In Nyahururu farmers
mainly plant maize and horticultural crops and had rela-
tively small plots. This makes it easy for them to practice
mulching, crop rotation, replanting and increased use of
organic fertilizer. There is also need to practice zero graz-
ing because of limited space and promotes simple irriga-
tion for the crops.

Olmoran farmers were 148% and 65% likely to adopt
crop and herd management practices and introduce
new breeds, respectively, as responses to climate vari-
ability at 1% and 44% likely to adopt risk reduction prac-
tices at 10% significance compared to their Nyahururu
counterparts. Nyahururu farmers on the other hand are
72%, 10% and 73% more likely to uptake intensification,
diversification and terraces, respectively, at 1% signifi-
cance level. Olmoran is classified as a Marginal Mixed
Farming (MMF) zone, while Nyahururu is classified as a
Mixed Farming (MF) zone [34]. Olmoran is drier, receives
more unreliable rainfall and characterized with more
harsh conditions than Nyahururu. This makes more farm-
ers in Olmoran to revert to planting adaptable species,
reducing herd sizes, keeping browsers or introducing
new animals and breeds which can thrive in the harsh
environmental conditions. However, the farmers may
not abandon livestock, practice zero grazing or plant
improved fodder. This can be attributed to the preser-
vation of cultural and traditional systems of agriculture
within Olmoran and also the continuous human wildlife
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conflicts in the region. A report by the Roden et al. [34]
noted that some parts of MMF (Olmoran) are still record-
ing deteriorating body condition of livestock due to lack
of pasture contributed to by inadequate rain.

4 Conclusions and policy implications

The results of the principle component analysis indi-
cate that response to climate variability in the area
was mostly through cultural practices, crop and water
management and herd management practices. On the
other hand use of terraces, soil management, diversifi-
cation and livestock improvement were the least used
strategies.

The results of the multivariate Probit model indicated
that access to extension and weather information played
an important role toward response to climate variability.
Other factors that influenced response to climate vari-
ability included gender and education level. In contrast
household size had a negative effect on response to cli-
mate change while, agro-ecological zones had a mixed
effect on the decision of the farmers to undertake spe-
cific response strategies.

Therefore, intensifying the sensitization of farmers to
seek extension services from both government extension
agents and private extension service providers could be an
effective way of improving response capacity of farmers to
cope with climate variability in the area. Extension agents
should provide information targeting climate variability,
which will improve their importance to the less educated
and less experienced farmers. The extension messages
should be presented in simple and understandable forms.
Social and physical infrastructure should be improved and
institutions dealing with climate-related issues including
the meteorology agency be strengthened to increase
adaptive capacity. The concerned stakeholders on differ-
ent ways of responding should enhance Farmer education
through constant trainings, seminars and field demonstra-
tions. There is also a need for policies aimed at localized
solutions enhancing household level adaptation through
the support of department of meteorological service by
reporting and alerting households about weather changes
in an understandable way so that they can be able to plan
for the future when farming.
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