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Abstract
Rainfall variability has negatively impacted rain-fed crop farming in arid and
semi-arid lands increasing households’ vulnerability. This study sought to establish the extent to which rain-fed crop farming households in Kitui South
sub-County in semi-arid Southeastern Kenya are vulnerable to rainfall variability. The study used index-based approach where Livelihood Vulnerability
Index (LVI) for each of the randomly sampled 311 households was calculated
using the IPCC framework. Rainfall data for six rainfall seasons for the period
2016-2018 was used to calculate index for exposure while questionnaires were
administered to the household heads to establish sensitivity and adaptive capacity indices. Responses from the selected sub-components were assigned
index values ranging between zero and one. LVI levels were scored between
−1 and +1. The study established that indices for exposure, sensitivity and
adaptive capacity were 0.71, 0.09 and 0.19 respectively and that 97.4% of the
households in the study area were vulnerable to rainfall variability. The study
concludes that households in the study area have different livelihood vulnerability levels to rainfall variability due to differences in their sensitivity and
adaptive capacity. The study recommends use of households’ LVI levels in
determining appropriate intervention measures to effects of vulnerability to
rainfall variability among different farming households in order to avoid generalization.
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1. Introduction
Climate influences human activities on the earth’s surface including agriculture
[1]. Rainfall variability has a lot of adverse effects on livelihoods. This affects
mainly agriculture and therefore lowering income of rain dependent farmers
making them vulnerable. Many people across the world are vulnerable to rainfall
variability due to their high dependence on the agricultural sector especially
rain-fed farming [2].
Livelihood vulnerability is determined by three main contributing factors:
exposure, sensitivity and adaptive capacity. Exposure refers to the presence of
property, systems, people or other elements in hazard places that are subjected
to potential losses [3] [4]. Exposure to rainfall variability is brought about by
unfavourable characteristics in rainfall onset, cessation, amount, duration or
number of rainy days and within-season dry spell in a given rainfall season. Sensitivity is the degree to which people, property or a given system is affected by
effects of a given risk [5]. This is mainly determined by socio-economic characteristics of such people or system exposed to the risk. Adaptive capacity is
people’s or a system’s ability to adjust to prevailing extreme events created by
risk they are exposed to.
Vulnerability assessment is determined by the conceptual framework chosen
by a researcher and the specific risks to be measured [6]. It has been guided by
different disciplines such as disaster management (including climate change),
anthropology/sociology and economics. Vulnerability arises from exposure of
hazard on existing livelihood options of communities and the subsequent response by the communities [7]. When farming communities are exposed to a
given risk, their vulnerability will depend on subsequent responses they will engage in. The IPCC framework is based on integrated approach. It conceptualizes
vulnerability as an integrated measure of the expected magnitude of adverse impacts resulting from a given level of external stressors [8]. It considers both external (exposure) and internal (sensitivity and adaptive capacity) dimensions to
vulnerability.
In Africa, arable land use trends show that tillage fluctuates significantly in
response to rainfall changes making rain-fed farming communities vulnerable
[9]. Rainfall variability, among other factors, is projected to lead to decrease in
agricultural production in Africa up to 50% by the year 2050 [8]. This is an indication that vulnerability to rainfall variability of households in this area is increasing as majority depend on rain-fed agriculture.
About 80% of Kenya is located in arid and semi-arid land characterized by
high rainfall variability in terms of onset, cessation, amount, duration and distribution [10]. Despite agriculture being a key sector in the economic development of the country, it is mainly rain-fed and therefore vulnerable to rainfall variability [11].
Kitui County was ranked the 12th poorest among the counties of Kenya in the
2015/2016 Kenya Integrated Household Budget Survey report [12]. About 50%
DOI: 10.4236/oalib.1106317
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of the population lives below poverty line which is far much above the national
figure of 36.1% [12]. Since majority of the population rely on crop farming for
their livelihood, most are food insecure. Effects of rainfall variability are spatio-temporal and are usually greater among the poor farmers [13]. This exposes
such households in Kitui County to food insecurity and general deterioration in
their livelihoods.
Rain-fed agriculture is the main economic activity in Kitui South sub-County
and therefore highly affected by rainfall variability [14]. Livelihood vulnerability
assessment has not been undertaken to establish the extent to which rain-fed
crop farmers in this area are vulnerable to rainfall variability. The current study,
therefore, sought to assess livelihood vulnerability in the study area so as to determine specific household level mitigation measures.

2. Research Methodology
2.1. Study Area
Kitui South sub-County (Figure 1) is located in the semi-arid Southeastern
Kenya. Over 87% of the residents derive their livelihoods from agriculture [14].
The area is generally lowland and experiences unreliable bimodal rainfall regime
with an average annual amount of about 600 mm. The long rains are received

Figure 1. Map of the study area. Source, [15].
DOI: 10.4236/oalib.1106317

3

Open Access Library Journal

M. M. Mwatu et al.

between March and May while the short rains are received from October to December. The short rains are more reliable for rain-fed farming in the study area.
Temperature is generally high ranging between 18˚C and 34˚C [14].
The sub-County has four main agro-ecological zones (AEZ’s) namely: Lower
Midland 4 (LM4), Lower Midland 5 (LM5), Inner Lowland 5 (IL5) and Inner
Lowland 6 (IL6). Crop farming is mainly practiced in three AEZs of LM4, LM5
and IL5 as agro-ecological zone LM6 receives very little or no rainfall in most of
the years. Over 87% of the residents derive their livelihoods from agriculture
with main crops grown being maize, beans, sorghum, millet, green grams, cowpeas and pigeon peas. Most of the households practice subsistence crop farming
with few large-scale farms of sorghum and green grams of not more than 60
acres [14].

2.2. Data Collection and Sampling
Multi-stage sampling design was used to obtain the administrative locations and
households to be included in the study. All administrative wards in the
sub-County were listed and clustered into six agro-ecological zones (AEZs)
namely LM4, LM5, IL5, IL6, UM3-4 and UM4. Three wards (Athi, Mutomo and
Kanziko) were purposively sampled to represent the three main agro-ecological
zones, LM5, LM4 and IL5, where crop farming is dominant. Three administrative locations, one from each ward, were also purposively sampled based on
proximity to administrative centres for institutional support. These were Mutomo Location (in Mutomo Ward), Athi Location (in Athi Ward) and Kanziko
Location (in Kanziko Ward).
Proportional sampling was used to obtain the number of households’ heads to
be interviewed per location. According to 2009 Kenya’s population and housing
census, the study area had 3,409 households [16]. A list of all heads of households engaged in crop farming was obtained from the Chief’s office of each location to form the sample frame. Krejcie and Morgan formula was used to obtain
the number of households to be involved in the study [17]. All households in the
sample frame were assigned numbers and a simple random sampling was used
to obtain the respondents to be interviewed during the household survey. Makindu Meteorological station was purposively sampled to provide rainfall data
for the period 2016-2018 for analyzing rainfall variability. The station was picked
since it is the only synoptic meteorological station near the study area with reliable rainfall data. The three-year period was used to provide six rainfall seasons
for calculating vulnerability to rainfall variability among the farming households.
Questionnaire was used to collect data from all the sampled households’ heads
in the study area. Data was collected on socio-demographic, economic and biophysical variables of the households. The questions were semi-structured with
dichotomous responses, multiple responses and open ended questions. In addition, secondary data relevant for this study was obtained from existing literature
including published reports, journal papers and on-line resources.
DOI: 10.4236/oalib.1106317
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2.3. Data Analysis
Variables for calculating vulnerability index were estimated using Hahn et al.
(2009) method [18]. The three contributing factors to vulnerability (exposure,
sensitivity and adaptive capacity) were used for the study. Table 1 shows the
contributing factors to vulnerability as conceptualized in this study. The study
used index-based approach to measure levels of vulnerability. Responses from
different sub-components (variables) were assigned values depending on their
perceived weight. Since each sub-component is measured on a different scale,
the UNDP (2007) formula (Equation (1)) was used to transform the scores to
unitary values [19].

tVsb =( Sb − Smin ) ÷ ( Smax − Smin )

(1)

where;

tVsb is the transformed value of a sub-component,
Sb is the value obtained for the sub-component,
Smin is the minimum value for the sub-component,
Smax is maximum value for the sub-component.
The transformed values lied between zero (0) and 1 (one). This was calculated
by obtaining average of the transformed sub-components of each factor. The Livelihood Vulnerability Index was then calculated using the IPCC-LVI framework (Equation (2)) for each household [20].

LVI=

(e − a) s

(2)

where:

e is the transformed index for exposure,
a is the transformed index for adaptive capacity,
s is the transformed index for sensitivity.
Table 1. Components of LVI analysis.
Factor

Exposure

Sensitivity

Component
Seasonal rainfall
variability

Food security
status

Socio-demographic
profile
Adaptive
capacity

Livelihood
strategies
Social networks

Sub-components (variables for analysis)


Onset of seasonal rainfall



Cessation seasonal rainfall



Within-season dry spell



Seasonal mean rainfall



Number of months a household go without
three meals per day in a year



Availability of seeds for next planting season



Availability of stock of harvest to last up to the
next harvesting time



Education level of households’ heads



Gender of households’ heads



Availability of off-farm income



Availability of surplus income



Access to early warning climate information



Access to relief food

Source: Synthesis of literature by Author, 2018.
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The LVI obtained was scaled from negative one (−1) to positive one (+1) and
grouped into five categories as shown in Table 2.

3. Results and Discussion
Indices for exposure, sensitivity and adaptive capacity for all households in the
study area were calculated. This was used to calculate livelihood vulnerability
index (LVI) for each household.

3.1. Exposure
Daily March-April-May (MAM) and October-November-December (OND)
rainfall data for the study area for the previous three years prior to the study was
analyzed. Onset dates, cessation dates, number of within-season dry spells and
total amount of rainfall for each season in the three years of study was established and indices calculated as shown in Table 3.
Five out of the six seasons experienced late onset of rainfall resulting to a
transformed index of 0.83. Three out of the six seasons experienced early cessation of rainfall giving a transformed index of 0.5. Five out of the six seasons experienced at one within-season dry spell thus a transformed index of 0.83. Four
out of the six seasons received rainfall amount below the long-term seasonal resulting to a transformed index of 0.67.
The study established that rainfall onset dates were inconsistent for the three
years. This is contrary to the finding of Camberlin et al. (2009) who established
more consistency of onset dates in Tanzania [21]. However, this finding corresponds to that of Bibi et al. (2014) who established that semi-arid Northern Nigeria generally experienced late onsets which were the main cause of crop failure in
Table 2. Scores for levels of livelihood vulnerability index.
Score

Level of Vulnerability

−1.0 - −0.7

Not vulnerable

−0.6 - −0.3

Least vulnerable

−0.2 - 0.2

Vulnerable

0.3 - 0.6

Highly vulnerable

0.7 - 1.0

Extremely vulnerable

Source: Synthesis of Literature by Author, 2018.

Table 3. Seasonal rainfall variability between 2016 and 2018.
Year

2016

2017

2018

Index

Season

MAM

OND

MAM

OND

MAM

OND

Onset

3rd Apr

1st Nov

18th Apr

29th Oct

2nd Mar

25th Oct

0.83

Cessation

12 May

31 Dec

12 May

21 Dec

12 May

31 Dec

0.50

th

st

th

st

th

st

Dry spells

1

1

1

0

1

1

0.83

Rainfall amount

127.3

224.9

199.5

177.7

600.7

259.2

0.67

Source: Survey Data, 2018.
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the region [22]. Late onsets usually arise from false onsets which lead to drying
of crops planted during the beginning of rainfall seasons, a situation common in
Africa [23]. The study also established that 50% of the rainfall seasons during the
period of study experienced early cessation. This finding is similar to that of
Mugalavai et al. (2008) who established that generally lowlands generally experienced early cessation which is one of the main causes of rainfall failure in
Kenya [24].
Index for exposure was therefore: (0.83 + 0.50 + 0.83 + 0.67) ÷ 4 = 0.71. This
is a high index as its range is between zero (0) to one (1). This implies that
people of Kitui South sub-County are greatly vulnerable to the analyzed
attributes of rainfall variability. In their study on determinants of livelihood
vulnerability among farming communities in the Asian highlands, Sujakhu et al.
(2018) established the average vulnerability index for households to be 0.26 [25].
This index is much lower than that Kitui South sub-County due to the fact that
semi-arid lowlands are likely to be affected by effects of rainfall variability as
compared to highlands.
The index (0.71) obtained was used in calculating LVI for each sampled
household across the study area since data on rainfall variations was obtained
from one meteorological station. There was, therefore, no variations considered
among the households in study area. This is contrary to the findings of Etwire et
al. (2013) on use of LVI in assessing vulnerability to climate change and variability in Ghana where exposure was found to vary from region to region [26]. This
could have been attributed to use of varied meteorological stations spread across
the area of study.

3.2. Sensitivity to Rainfall Variability
The study established that majority of the households had difficulties accessing
three meals in a day for entire twelve months of the year. Only 6.8% of the
households could afford three meals in a day. This indicates that households in
Kitui South sub-County are likely to have a higher sensitivity to rainfall variability. Female-headed households had the highest number of months that their
family could not have three meals in a day with the majority (35.7%) being those
who missed three meals in all the twelve months. Households headed by people
aged between 36 and 50 years were the highest in missing three meals in all the
months. However, no households headed by the young (less than 35 years) and
the aged (over 65 years) people had three meals in a day for all the twelve
months.
About 37.0% of households headed by a person with primary education level
did not have three meals in a day for the twelve months but, in general, none of
the households headed by people with informal education had three meals in a
day for the twelve months. The larger the size of households, the more they were
unable to have three meals in a day. None of the households with members between 11 and 15 had three days in a day for all months while all households with
over 15 members had up to five months without three meals in a day. A consiDOI: 10.4236/oalib.1106317
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derable number of households (36.7%) earning an income of less than 5,000
Kenya shillings per month did not have three meals in a day for all the twelve
months. This finding is similar to that of Sabila (2014) who established that the
lower the income, the less the number of meals households had in a day in
Mount Elgon sub-County in western Kenya [27].
Majority (61.4%) of the households did not have stock of seeds for planting in
the next rainfall season. There were high percentages of male-headed than female-headed households without stock of seeds for planting during the next
rainfall season. This may be associated with the tendency of women to preserve
some seeds during bumper harvest unlike men who normally sell, a practice
passed from generation to another. This finding is similar to that of Njuguna et

al. (2016) who found out that very few male headed households had access to
pigeonpea seeds in Eastern Kenya prior to planting seasons [28]. Generally,
many crop farmers lack access to modern seed varieties specifically developed to
adapt to specific environmental conditions [29]. The situation may even be
worse to poor farmers as they are not likely to have access even to traditional
seed varieties.
The study also established that majority (92.6%) of respondents did not have
stock of crop produce to last them up to next harvest. This is similar to the finding of Sabila (2014) who established that only 3.4% of rural households of rural
Mount Elgon sub-County had crop harvest in granaries [27]. This can be attributed to seasonal rainfall variability where late onsets, low amounts of rainfall,
long within-season dry spells and early cessations of rainfall make most crops
dry before reaching maturity. The study further established that no female-headed household had stock of crop harvest in the study area. Majority of
households with stock of crop harvest were those headed by people without
formal education and the aged. This may be attributed to the fact that these
households’ heads are keen in preserving food crops harvested rather than selling as they may not have sources income to buy food during shortages.
The average sensitivity index for households in the study area was found to be
0.09. This was generally a low score. This index score was lower than an average
score of 0.4 that Sujakhu et al. (2018) found out among farming communities in
the Asian highlands [25].

3.3. Adaptive Capacity to Rainfall Variability
The study established that 34.7% of the households were headed by females and
21.5% of the household heads had no formal education. Male headed households
are likely to have higher resilience to extreme climatic conditions such as
drought as most of them can seek off-farm employment opportunities to support their families while female headed households are generally disadvantaged
[30]. Likewise an educated household head is likely to be more receptive to inventions and innovations developed to improve resilience to harsh climatic conditions [31].
DOI: 10.4236/oalib.1106317
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Nine percent (9.0%) of the households in the study area relied solely on crop
farming for income. Despite majority (56.6%) of the households’ income bracket
being below 5000 Kenya shillings, most of the households (61.7%) required between 10,000 and 50,000 Kenya shillings for their monthly expenditure. This
implies that it is only a few households whose monthly income surpassed their
estimated monthly required expenditure and therefore majority did not have
savings. This could probably be due to the fact that a lot of income is used in
buying food by households in the study area.
The study also established that majority (92.3%) of the households had access
to early warning on seasonal climatic outlook. This finding corresponds to that
of Muema (2018) who found that access to climate information in dry lands was
very high [32]. The rate of access to relief food in the study area was low (40.2%).
The low access to relief could have been as a result of government policy of those
who qualify for the same or inadequacy of the relief food.
The average adaptive capacity index for households in the study area was
found to be 0.19. This was a higher score than that of sensitivity but lower than
that of adaptive capacity. This can be associated with results of the contributing
sub-components of adaptive capacity status used to compute index of this component. Most of the households in the study area did not have access to relief
food. Sources of income for most of the households were agricultural related activities which are affected by rainfall variability contributing to their low income.
Although majority of the households accessed seasonal climate information
prior planting seasons, this did not contributed significantly to adaptation to
rainfall variability due to their low income which may have hindered acquisition
of the required farming inputs.

3.4. Livelihood Vulnerability Index of Households
Livelihood vulnerability index (LVI) for each of the 311 sampled households in
the study area was calculated and scored between −1 and +1. The minimum
household score was found to be −0.40 and maximum score of 0.34 with a mean
score of 0.045 and a standard deviation of 0.06767. The mean score lies in the
“vulnerable” category in the vulnerability scale (Table 4). This is an indication
that the households in the study area are generally vulnerable to rainfall variability.
Table 4. Categorized LVI levels for households.
Level

Number

Percentage

Not vulnerable

0

0.0

Less vulnerable

1

0.3

Vulnerable

303

97.4

Highly vulnerable

7

2.3

Extremely vulnerable

0

0.0

Total

311

100.0

Source: Survey Data, 2019.
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Households in the study area were categorized into levels of their vulnerability. The results are shown in Table 4.
Majority (97.4%) of the households lied in the level of “vulnerable”. There
were no households in the two categories of “not vulnerable” and “extremely
vulnerable”. Lack of extremely vulnerable households to rainfall variability may
be due to the fact that all households reported to have been having some adaptive capacity despite the high rate of exposure. However, households found even
in the same agro-ecological zone can have different vulnerability levels largely
due to variations in socio-economic characteristics such as gender and income
levels [33].
The study further sought to determine vulnerability levels of households based
on their varied socio-economic characteristics. A cross-tabulation between categorized levels of vulnerability and major socio-economic characteristics of
households was done (Table 5). Despite most of the households being in vulnerability category (Table 4), this varied among various contributing factors to
Table 5. Levels of vulnerability and socio-economic characteristics.
Socio-economic Characteristics
Male

Gender

Level of education

Highly Vulnerable

197 (97.04%)

5 (2.46%)

Female

0 (0.00%)

106 (98.15%)

2 (1.85%)

1 (1.49%)

64 (95.52%)

2 (2.99%)

Primary

0 (0.00%)

179 (100.0%)

0 (0.00%)

Secondary

0 (0.00%)

48 (100.0%)

0 (0.00%)

Tertiary

0 (0.00%)

12 (70.59%)

5 (29.41%)

Below 35

0 (0.00%)

29 (100.0%)

0 (0.00%)

36 - 50

0 (0.00%)

122 (96.06%)

5 (3.94%)

51 - 65

0 (0.00%)

88 (100.0%)

0 (0.00%)

Over 65

1 (1.49%)

64 (95.52%)

2 (2.99%)

Members of
Households

Monthly Income
(KES)

Vulnerable

1 (0.01%)

Non-formal

Age of household
heads (years)

Source of Income

Less Vulnerable

Below 5

0 (0.00%)

56 (94.92%)

3 (5.08%)

5 - 10

0 (0.00%)

192 (98.97%)

2 (1.03%)

11 - 15

1 (1.92%)

49 (94.23%)

2 (3.85%)

Over 15

0 (0.00%)

6 (100.0%)

0 (0.00%)

Crops only

0 (0.00%)

23 (82.14%)

5 (17.86%)

Crops/livestock

1 (0.66%)

148 (98.01%)

2 (1.32%)

Non-agriculture

0 (0.00%)

132 (100.0%)

0 (0.00%)

Less than 5000

0 (0.00%)

176 (100.0%)

0 (0.00%)

5000 - 10,000

1 (1.01%)

93 (93.94%)

5 (5.05%)

10,000 - 50,000

0 (0.00%)

33 (94.29%)

2 (5.71%)

Over 50,000

0 (0.00%)

1 (100.00%)

0 (0.00%)

Less than 5

0 (0.00%)

5 (100.0%)

0 (0.00%)

5 - 10

0 (0.00%)

20 (100.0%)

0 (0.00%)

10 - 20

0 (0.00%)

50 (100.0%)

0 (0.00%)

Over 20

1 (0.42%)

228 (96.61%)

7 (2.97%)

Years of Farming

Source: Survey data, 2019.
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LVI. Female headed households had higher percentage (98.15%) of households
in vulnerability than the male headed households (97.04%). No female headed
household was less vulnerable as it was with male headed households. This
shows that female headed households are generally more vulnerable compared
to their male counterpart. This may be attributed to factors such as low size of
cultivated land, low access to three meals in a day, shortages of seed for planting
and lack of stock of crop to last households up to the next harvest.
All household headed by people with primary and secondary level of education were found to be vulnerable with those with primary level taking lead. Surprisingly, despite vulnerability generally reducing with education level of the
household head, 1.49% of those with non-formal education were less vulnerable
and 29.41% of those with tertiary education being highly vulnerable. The occurrence of less vulnerable households among household heads with non-formal
education may be due to the fact that this is the category which was leading in
having stock of planting seeds and stock of food to last up to the next harvest.
A comparison of vulnerability levels among different age groups revealed that
96.06% of households headed by people aged between 36 and 50 years were vulnerable. Although this formed the majority of households, this result can be attributed to fewer years of experience in farming under variable rainfall conditions. Households headed by the aged (over 65 years) spread across the three levels of vulnerability. In this category, households who were less vulnerable could
be attributed to many years of experience while those who were highly vulnerable may be due the fact majority lacked stock of crop to last them up to the next
harvesting season and therefore majority lacking three meals in a day for most
part the year.
The level of vulnerability increased with number of members in households.
For instance all households with members exceeding 15 were found to be vulnerable to rainfall variability. This may be associated with difficulties that such
households have in getting sufficient provision for these large household members. However, less vulnerable households were found among those with between 11 and 15 members. This could be associated with adequate labour provided by such members in farmland and income from off-farm sources.
Vulnerability generally decreased with increase in level of income of the
households as the highly vulnerable were those whose income level was below
50,000 Kenya shillings. This may be attributed to availability of income sufficient
to cushion such households against effects of rainfall variability. Surprisingly
some households (2.97%) with high farming experience (over 20 years) were
highly vulnerable. This is contrary to the expectation that such households’
heads would use their farming experience in promoting appropriate strategies
on adaptation to rainfall variability. This may be associated with decrease in interest in adaptation after long years of farming without much improvement.

4. Conclusions and Recommendations
In conclusion, our findings indicate that majority of the households in the study
DOI: 10.4236/oalib.1106317
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area are vulnerable to rainfall variability. This has been contributed to high exposure to rainfall variability in terms of onset, cessation, number of rainy days
and rainfall amount. Households also have low adaptive capacity to rainfall variability. Female-headed households are more vulnerable to rainfall variability.
Vulnerability generally decreased with level of education, income level of
households, experience in farming and size of land under cultivation. On the
other hand, vulnerability increased with age of the household head and the
number of household members. Households with members getting income from
non-agricultural activities are less vulnerable.
The study recommends that interventions on vulnerability should be informed by exposure, sensitivity and adaptive capacity at household levels in order to avoid generalization. Education of women in the study area should also be
encouraged so as to empower female-headed households and promote family
planning. Households should strive to widen income generating activities to
complement agriculture. Both the national and county governments as well as
non-governmental organizations should support households in provision of relief food and farm inputs.
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