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Abstract

According to IPCC, (2007) Vulnerability is the degree to which a system is susceptible to, and unable to cope with,
adverse effects of climate change, including climate variability and extremes. It is a function of exposure,
sensitivity, and adaptive capacity (Marshall et al. 2010; Wongbusarakum and Loper 2011, Mucke 2012). The study
sought to determine the vulnerability to climate related shocks among smallholder farmers in Kinakomba Ward.
The main purpose of the study was to assess the extent to which, exposure, sensitivity and adaptive capacity
contributed to the vulnerability of the smallholder farmers on their livelihoods. The study was carried out in
Kinakomba ward in Tana River County, Kenya. A descriptive survey research design was used. Stratified random
sampling was employed to select 390 out of a population of 3,908 households. Data was collected using
questionnaires and Focus Group Discussions. Descriptive statistics, metric of sensitivity, composite index was
used to analyse sensitivity. Two methods were used to analyse exposure. Firstly the fuzzy logic in assessing
susceptibility to drought involving a selection of input variables, Fuzzification, inference modelling and
defuzzification and secondly DrinC Model software. The researcher used two methods to analyse adaptive capacity
namely the interview with 390 farming households to gather data on farming and household characteristics and
natural resources availability and secondly a panel of 15 Key Informants provided ratings of indicators of adaptive
capacity using analytic hierarchy process (AHP). To understand the interaction of these variables this study
Analysed a quantitative Vulnerability score by using an equation which combined three contributing indices of
exposure, sensitivity and adaptive capacity each normalized to 0—1 Scale (Adger and Vincent, 2005;Allison et al.
2009), the vulnerability score was obtained by adding exposure to sensitivity and subtracting the adaptive capacity.
The key results from the study showed that exposure (p=0.000066) and sensitivity (P=0.00038) had a significant
effect on livelihoods. These factors were also found to have a negative influence on livelihoods in the area. Further
statistical findings showed that as adaptive capacity increased vulnerability decreased while when sensitivity
increased vulnerability increased at the same time. The study concluded that these two dimensions of vulnerability
could be modified by policy and development. The study also concluded that exposure contributed more than
sensitivity and adaptive capacity to the cumulative vulnerability. The study recommended that the County and
National governments and stakeholders to employ measures to adapt to climate change and variability. This study
also recommended that the Government in partnership with other stakeholders develop a comprehensive disaster
risk management framework to address the drought hazards and undertake mitigation and adaptation measures by
equipping the smallholder farmers with knowledge on how to cope with the cyclic and vicious droughts’ impacts
that have led to serious irreversible harm to humans and livestock in the area. Also that the Government in
partnership with stakeholders develops interventions of adaptation options and empowerment of farmers with
skills in diversification of livelihoods options.
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1. Introduction

Climate change is defined by the United Nations Framework Convention on Climate Change (UNFCCC) as ‘a
change of climate which is attributed directly or indirectly to human activity that alters the composition of the
global atmosphere and which is in addition to natural climate variability observed over comparable time periods.’
The origin of the climate change debate was the international environmental and developmental challenge that led
to different initiatives from the publication of the Brundtland Report in 1987 through to the formation of the
Intergovernmental Panel on Climate Change (IPCC) in 1989, the 1992 United Nation Conference on Environment
and Development (UNCED) in Rio de Janeiro, and the establishment of the United Nations Framework
Convention on Climate Change (UNFCC), (NCCRS 2010).

The evidence of climate change in the world today is unmistakable. Europe is warming faster than many other
parts of the world. The European land temperature over the past decade has been on average 1.3°C higher than in
the pre-industrial era, compared with a global average rise of 0.8°C. (http://climate-adapt.eea.europa.eu/). In Kenya
since early 1960s, both minimum (night time) and maximum (day time) temperatures have been on an increasing
(warming) trend (NCCRS 2010). The minimum temperature has risen generally by 0.7-2.0°C and maximum by
0.2-1.3°C, depending on the season and the region (NCCRS 2010).
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Africa is likely to be the continent most vulnerable to climate change (Schneider et al. 2007). In East Africa
severe drought interrupted seasonal rains for two consecutive seasons, precipitating in 2011 the worst drought in
the region seen in 60 years with precipitation of less than 30% (April to June) of average of 1995 -2010 (Eastern
Africa 2011). In Sahel region 15% of the population experienced a temperature increase of more than 1 °C from
1970 to 2010. The mean seasonal rainfall is also below the long-term average, and flooding has increased in
frequency and severity. Since 1985, 54 per cent of the population has been affected by five or more floods in the
17 Sahel region countries (Livelihood Security Climate Change in the Sahel 2011). With the increasing frequency,
duration, and severity of drought conditions across much of the African continent, smallholder farmers are looking
for new ways to ensure that their harvests are secured against unpredictable rains (RoK 2013).

Vulnerability to climate related shocks

According to IPCC (2007) Vulnerability is the degree to which a system is susceptible to, and unable to cope with,
adverse effects of climate change, including climate variability and extremes. Vulnerability is a function of the
character, magnitude, and rate of climate change and variation to which a system is exposed, its sensitivity to
climate change, and its adaptive capacity (IPCC 2001). Greg et al. (2004) say this of vulnerability “The concept
of vulnerability expresses the multi-dimensionality of disasters by focusing attention on the totality of relationships
in a given social situation which constitute a condition that, in combination with environmental forces, produces
a disaster”

Vulnerability can also be viewed socially. According to Wolters and Kuenzer (2015) Social vulnerability is
the inability of people, organizations, and societies to withstand adverse impacts from multiple stressors to which
they are exposed. These impacts are due in part to characteristics inherent in social interactions, institutions, and
systems of cultural values. Thus there is need to place an increased emphasis on assets and entitlements for
understanding ‘catastrophe’ as opposed to solely the strength or severity of shocks

According to Vogel (1998), vulnerability is perhaps best defined in terms of resilience and susceptibility
including such dimensions as physical, social, cultural and psychological vulnerability and capacities that are
usually viewed against the backdrop of gender, time, space and scale (Anderson and Woodrow, 1989). Turner et
al. (2003) state that vulnerability expresses the susceptibility of a system to experience harm or injury due to some
level of hazard exposures.

In a climate change context Fiissel (2009) submitted that the most prominent interpretations of vulnerability
are contextual and outcome vulnerabilities. And O’Brien et al. (2007) state that contextual vulnerability is directly
related to the propensity of a system to be subjected to harm from a wide range of hazards, while outcome
vulnerability refers to the potential climate impacts and inherent capacity of a social system to effectively cope
and adapt.

Vulnerability to climatic hazards is a function of the interactions between sensitivities, capacities and
resilience and all these are determined by human-environmental conditions. In 2001 IPCC stated that resilience is
the amount of change a system can undergo without changing state. These conditions and processes consist of
demographic, social, economic, political, biophysical and ecological.

Ziervogel et al. (2008) analyzing the determinants of food insecurity in dry and drought prone areas found
that income, income diversification, area of land cultivated, soil quality, household labour per hectare cultivated,
and health status of household members were key factors influencing vulnerability. The study also found that
external factors like existence of formal and informal social networks, availability and quality of health services,
and controlling access of prices of farm inputs and outputs as important in mitigating the impacts of climate shocks

According to Adejuwon (2008) vulnerability is explained by the proportion of household members engaged
in agriculture, poverty rate, and dependency ratio, access to potable water, health status and educational attainment
among others. In addition to this, Nyong et al. (2008) found vulnerability to be explained by ownership of land
and livestock, area and quality of land cultivated, sufficiency of annual harvest relative to household food needs,
cash income, livelihoods diversification, gender of household head and connections to family and social networks.
Pulhin et al. (2008) households’ vulnerability to flooding correlated with ownership of land, farm size, farm income,
gender and that rich farmers are less vulnerable to flooding due to ownership of large land areas.

1.1 Statement of the Problem

In Tana River County, smallholder farmers relay either solely on farming or on farming and non-farming activities.
The farmers rely on rain to carry out their farming activities. The reliance on rainfed agriculture has in many
occasions led to low production consequently leading to food insecurity and worsening of factors supporting food
production, including delayed rainfall, flash floods, infertile soils and lack of inputs, various progressive measures
have been advanced by the Government and Non-government organizations for farmers to either adopt or adapt
so as to address the negative climatic changes that have made the state of food security deplorable (Ndegwa et al.
2015). Despite these progressive measures studies on the rural households who live in Tana River County and are
vulnerable to climate related shocks and adaptation options available have not been exhausted and are still
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unexplored. It was imperative therefore to undertake a study on the vulnerability of Smallholder Farmers to
Climate Related Shocks in Kinakomba Ward, Tana River County Kenya to inform the state and non-state actors
on appropriate interventions of adaptation options available to the smallholder farmers.

1.2 Theoretical Framework

The social-ecological system theoretical framework

This study used the Social Ecological Systems (SESs) theoretical framework initially proposed by Ostrom, (2007)
and has since been improved. The system was built to provide common vocabulary and logical linguistic structure
to facilitate understanding of the sustainability of SESs. According to Ostrom (2005) a Framework provides the
basic vocabulary of concepts and terms used to construct explanations of a theory. On the other hand a model
constitutes a manifestation of a theoretical explanation of the functional relationships among independent and
dependent variables important in a particular setting (McGinnis & Ostrom 2014). The SES framework is designed
to identify basic working parts and their relationships to one another.

Originally SES framework was designed for application to situations in which resource users extract resource
units from a resource system. The resource users provide for the maintenance of the resource system according to
rules and procedures determined by a governance system and in context of related ecological systems and broader
social, political, economic settings Ostrom (2007, 2009) initial work. Located at the centre of that framework as
most important forms of interactions and outcomes were the processes of extraction and maintenance. In this
ontological framework resource users, resource units, resource system, governance system, related ecological
system and broader social-political-economic settings form first tier categories of SES framework (McGinnis &
Ostrom 2014).

The initial versions of the SES framework (Ostrom 2007, 2009) implicitly incorporated the action situation
within interactions and outcomes. In 2010, Ostrom changed the label of the Interaction and Outcomes to also
explicitly include the broader term Action Situations. This single step cemented a close connection between
decades of work on the Institutional Analysis and Development (IAD) framework and the newly established SES
framework (McGinnis & Ostrom, 2014). This effectively enabled the other components of the SES framework
constitute a fuller elaboration of the relevant contextual factors that contribute to a definition of the situation
confronting actors located within an SES. In both the IAD and SES frameworks, feedback paths link outcomes of
action situations back to the contextual variables conveying an explicitly dynamic structure to both frameworks
and consequently showing how a complex system changes over time. According to McGinnis and Ostrom (2014)
the SES framework is an ontology, in the sense that it defines a language of terms and specifies a series of logical
relationships among these terms.

In the SES literature slight variations occur in the second-tier governance system variables as Ostrom and
Cox (2010) highlight rules, property systems and network structures as the key characteristics of governance
systems. On the third-tier McGinnis and Ostrom (2014) have expanded the governance system to include private
corporations, community-based organizations and hybrid organizational forms that combine aspects of public,
private and voluntary organizations.

Thus the SES framework offers knowledge relevant to diagnosis of properties of specific SESs to different
situations. To apply the SES framework to a particular case three questions are important: what types of
interactions and outcomes related to a particular resource system, resource units are most relevant to the diagnostic
concerns? What types of actors are involved? Which governance systems influence the behavior of these actors?
(McGinnis & Ostrom 2014).

The research design is key because the researcher selects the cases and what kind of observations of these
cases can best provide the interactions needed to be able to draw valid inferences from the research project.
Secondly in any application of the SES framework, the researcher selects which variables should be measured and
how indicators will be implemented. Thirdly the SES framework facilitates the communication of results across
research communities (McGinnis & Ostrom 2014).

1.3 Conceptual Framework

The theoretical framework is conceptualized for indicators focusing on the vulnerability of the Kinakomba Ward
SESs. Kloos et al. (2015) developed a multi-hazard risk assessment framework looking at potential impacts of
single and multiple hazards affecting SES. Garschagen (2014) integrated framework for vulnerability and
adaptation analysis. Mansur et al. (2016) did a conceptual model of vulnerability specifically for the urban areas
applying it in context of flood risk. Existing methods for indicator-based vulnerability assessment range from
global (UN 2009, 2011, 2013) and (Birkmann et al. 2014) to participatory assessments at the local level (Bollin
and Hidajat 2006; Asare-Kyei et al. 2015). In Kinakomba Ward the drought hazard was assessed. In this work the
Resource System (RS) is the smallholder farming sector and the Resource Units are the resources harvested by the
smallholder farmers. The Governance System (GS) includes characteristics pertaining to the national and county
governments and factors shaping rules and governance arrangement in Kenya. These determine incentives and
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behaviour for Actors (A) involved in the agricultural sector. These are the smallholder farmers, non-governmental
organizations, government officials and researchers. The social, economic, and political setting(S) is the
Kinakomba Ward context, in Tana River County. The nature and magnitude of drought as well as the vulnerability
of the SES determines the impacts experienced by the SES (community) and its sub-systems and also the risk to
experience harm (Sebesvari et al. 2016). Hazards might originate within a given SES or could be generated outside
an SES. According to Sebesvari et al. (2016) these interactions from outside and SES internal processes might lead
to transformations and tipping processes which greatly influence the vulnerability context.

This conceptual SES framework aims to synthesize the following key elements; i. Focusing on the
socioeconomic characteristics of the smallholder farmers in Kinakomba Ward for the social system ii. Focusing
on the SES and acknowledging the influence of climate related shock patterns on the livelihoods of the smallholder
farmers in Kinakomba Ward for the ecosystem iii. Focusing on determining the vulnerability to climate related
shocks among the smallholder farmers in Kinakomba Ward iv. Focusing on the adaptive capacity index of the
smallholder farmers in Kinakomba Ward. The theoretical framework is conceptualized as shown in figure 1.0

Figure 3 The conceptual framework

The scope of the conceptual framework

The scope of the conceptual framework is based on vulnerability as the function of sensitivities, exposure and
adaptive capacities. This framework is a conceptual model to analyse the sustainability of Socio-Ecological
Systems. It was used for the study and comparison of these systems by providing a common vocabulary that
enabled identify and organize the variables relevant in SES analysis into a multitier hierarchy (Ostrom 2007, 2009)
and ( McGinnis and Ostrom 2014). The three solid boxes in the one big box to the left denote first-tier categories
RS, RU, GS, and A are the highest-tier variables that contain multiple variables, at the second tier and lower tiers
and within the boxes there is action situations to each of the top-tier categories. The main box containing the
interior elements of the figure indicates that the focal SES can be considered as a logical whole, but that exogenous
influences from related ecological systems (ECO) and social-economic-political settings (S) can affect any
component of the SES. These exogenous influences might emerge from the dynamic operation of processes at
larger or smaller scales than that of the focal SES. The use of this framework is in three steps as suggested by
McGinnis and Ostrom (2014). First step is selection of a focal situation of analysis in Kinakomba Ward where the
researcher identified components of the vulnerability system and how there are interacting. Secondly the researcher
identified the potential variables and their indicators namely that vulnerability is a function of exposure,
sensitivities and adaptive capacity. The third step was the analysis of the interactions of these variables and
communication and dissemination of the results that were obtained. Thus this framework facilitated exchange of
knowledge acquired at the end of that process.

Independent variable
The independent variables here represent the causes to climate related shocks. It is these variables that were tested
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to see if there were the real causes of the climate related shocks. In this case these were exposure, sensitivity and
adaptive capacity. Vulnerability to climatic hazards is a function of the interactions between exposure, sensitivity
and adaptive capacity which are all determined by the human-environmental conditions and processes. It is
recognized that the climate related shocks include increased frequency of severe drought, flood impacts, heat
waves, and accelerated glacier retreat, hurricane intensity, and sea level rise (Adger et al. 2007).

Dependent variables

The dependent variables were the effect of the climate related shocks. It is these effects that were tested to see if
there were the output of the climate related shocks. In this case the climate related shocks produced these effects.
If the smallholder farmers had a good capacity then their vulnerability was low and the opposite was also the case.

Intervening Variables

There were also the extraneous variable or the moderating factors. These were not the focus of the experiment or
survey so there were not tested. Intervening variables were kept constant or monitored to try to minimize their
effects on the experiment. If these had been included in a regression as independent variables they would have
aided the researcher with accurate response parameter estimation and goodness of fit but they were not under
examination. In that case these were related ecological systems and social, economic and political, settings.

The interaction of variables

The independent variables were measured under the following parameters: For exposure the parameters were
selection of input variables, Fuzzification, inference modelling and defuzzification. For sensitivity the parameters
were a metric of sensitivity developed using surveys of 390 households, the ratio of farming to non-farming related
activities was established and the extent to which households dependent on farming also engaged in non-farming
livelihood activities established linkage between different sectors. Then directionality of linkages between farming
and non-farming activities was also established. For adaptive capacity the parameters was a panel of 15 Key
Informants provided ratings of indicators of adaptive capacity using analytic hierarchy process (AHP), then an
interview was conducted to the 390 farming households to gather data on farming and household characteristics
for the adaptive capacity indicators. Based on that approach adaptive capacity was determined by ownership and
access to resources, information and technology and ability to diversify livelihoods to cope with climate related
stresses. For dependent variable which was adaptation to climate change the parameters were stakeholders,
information, environmental changes.

1.4 Objectives for the Study

The objective of the study was to determine the vulnerability of the smallholder farmers to climate related shocks
in Kinakomba Ward. The study was also guided by the following null hypothesis: HoiThe vulnerability of the
smallholder farmers is not significantly related to their exposure, sensitivity and adaptive capacity to climate
related shocks in Kinakomba Ward.

2. Research Methodology

2.1 Research Design

The study adopted a descriptive research design which allowed collecting data in order to answer questions on
current status of the subjects of the study. It was used to collect information about people’s attitudes, opinions or
habits Kombo and Tromp (2006). Kothari (2004) recommended descriptive design as it allows the researcher to
describe, record, analyze and report conditions that exist or existed. Multi-stage random sampling procedure was
used to sample 390 households from accessible population of 3,920 households who are subjected to climate
change shocks in Kinakomba Ward. A sample size of 10% - 30% of the accessible population is adequate to serve
as a study sample (Mugenda and Mugenda 2005). First multi-stage random sampling was used to select Kinakomba
Ward out of the fifteen administrative Wards in Tana River County. The selected Kinakomba Ward has five
administrative Locations which are Gwano, Jamhuri, Kinakomba, Ndura and Mazuni. In the second stage the
researcher selected eleven Sub-Location areas (ESLs) from each of the Locations. The ESLs that was Hara, Maroni
and Wenje from Gwano Location, Bububu from Jamhuri Location, Majengo and Masalani from Kinakomba
Location, Gafuru, Mazuni and Mkomani from Mazuni Location and Bondeni and Handampia from Ndura Location.
Sample frame was obtained by listing the villages under each of the ESLs from where samples were taken. The
strata was based on the smallholder farmers in the listed village. Stratified random sampling was used to sample
households to participate in the study. The 10% of the households sampled was proportionately distributed in the
strata and calculated as shown in Table 1.0.
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Table 1.0 Sample Frame

Location Number of households 10% of  accessible
Gwano 952 95
Hara 322 32
Maroni 229 23
Wenje 405 41
Jamhuri 654 65
Bububu 654 65
Kinakomba 912 91
Majengo 614 61
Masalani 297 30
Mazuni 542 54
Gafuru 256 26
Mazuni 128 13
Mkomani 159 16
Ndura 842 84
Bondeni 492 49
Handampia 352 35
Total 3,902 389

Households were selected by firstly using 10 landmarks i.e. Mosque, Church, Shop, school, Village water
point, Posho mill, Village meeting baraza park, junction, electricity pole and Chief’s camp and then from each
point visiting households until 6 to 10 completed interviews were achieved. At the household level, the interview
was with the head or spouse ensuring adequate representation of women.

The study took place in Kinakomba Ward, Galole Sub-County of Tana River County. Tana River County is
subdivided into three Sub-Counties of Bura, Galole and Garsen with a total area of 35,375.8 KM? (13,658.7 sq.
miles) whereby Trust land forms the bigger portion of the County with over 90% of the land. Galole Sub-County
has four Wards of Wayu, Chewani, Mikinduni and Kinakomba. Kinakomba Ward is 556.9 square KM with 5
locations and 11 sub locations.

Kinakomba Ward has a population of about 18,000 people (3908 HH) which is about 7% of the total
population of the whole County. The Ward as a whole falls within the Coast low land climatic Zone CL3, CL4 and
CLs. These zones are characterized by scarce rainfall ranging between 300m — 600mm per annum only. The rainfall
is erratic and unreliable resulting in persistent moisture stress in the soil profile. It is characterised by a flood plain
along the banks of river Tana prone to flooding whenever the river bursts its banks. Apart from river floods the
area is also sometimes affected by floods from the hinterland through seasonal rivers. The community lives in the
floods plain and cultivate on the river banks making them very vulnerable to flash floods disasters because they
have left the ground bare and the river banks are eroding at an alarming rate causing the river to change its course
in many places frequently. The floods disasters experienced in Kinakomba Ward are on annual basis causing
untold suffering, displacement of households and death of livestock. Being also in a Semi-Arid Area the
community is confronted by immanent, persistent and prolonged droughts every second year and the frequency is
increasing fast. The weather condition exhibits very high evaporation demand. From wood-head maps, the average
evapo-transpiration during the dry and sunny months with a crop factor of 0.9, is 5.2mm/day CIDP II (2018-2022).
Average annual temperatures are about 30°C with the highest being 41°C around January-March and the lowest
being 20.6°C around June-July.

The area is between 70— 100m above sea level. Slopes are within the range of 0.05%-0.15% with local surface
undulations. The soils range from sandy, dark clay and sandy loam to alluvial deposits. The soils are deep around
the riverine environments but highly susceptible to erosion by water and wind. Soils in the hinterlands are shallow
and have undergone seasons of trampling by livestock, thus are easily eroded during rainy seasons CIDP II (2018-
2022). The vegetation ranges from scrubland to thorny thickets within the riverine area. Main crops grown are
mangoes, bananas, maize, green grams, cowpeas, tomatoes, vegetables and melons while main livestock kept are
cattle, sheep and goats. The study site is as shown in Figure 2 below.
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2.2 Study area
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Figure 2 The map of Kinakomba Ward

2.3 Data Collection Instruments

2.3.1 Questionnaire

In this study, the researcher used questionnaires and an observation checklist to collect data. Three sets of
questionnaires were developed and administered to the respondents. The researcher developed these questionnaires
for the purpose of gathering information from respondents (Mugenda and Mugenda 2010). Observation overcomes
one of the key disadvantages of interviews and questionnaires that is, that the responses provided may not be
accurate (Dawson 2009). The questionnaire for the smallholder farmers had two sections structured and semi
structured covering exposure, sensitivity and adaptive capacity.

Semi structured questions assisted in generating in-depth and explanatory qualitative information. This
method allowed flexibility, follow up to original questions and pursuing of new lines of questioning, two-way
interaction and facilitates exchange of information between the interviewer and interviewee making the
atmosphere more relaxed. The use of both questionnaires and semi-structured questions is necessary in order to
get as much information as possible from the community members. Administration of questionnaire to Key
informants was done with people with vast experience and knowledge who can provide extensive insight into bio-
socio-cultural aspects of the community.

2.3.2 Focus Group Discussions

To allow probing, Focus Group Discussions was developed and used. Focus Group Discussion was used to collect
information on Exposure, Sensitivity and Adaptive Capacity. A panel of fifteen key informants drawn from the
line ministries, involved in this area, was purposively chosen, to provide ratings on the relative importance of the
different indicators of exposure, sensitivity and adaptive capacity used to measure important aspects of this
capacity. The discussants were in groups of 8 - 12. .

2.3.3 Observation schedule

An observation was prepared and shared. That involved transect walks across the village and interacting with the
villagers freely. That gave the feeling of the situation as was on the ground.

2.4 Validity and reliability of the Instruments

Validity

Validity of the instruments was determined before being used for data collection in the field. This was done by
experts from the department of Environmental Studies- Community Development of Pwani University, to assess
the face, content and construct validity of the instrument. That reduced biasness of the data collected (Abbott &
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Reliability of the Instrument

To test the reliability of the instruments the study used test-retest technique. Test-retest reliability is measured by
administering a test twice at two different points in time. Reliability was also checked by comparing informant’s
responses with those of other informants and sources. Pre-test was used to improve the questionnaire, semi-
structured questions and focus group interviews. A pilot study was carried out to test for reliability of the
instruments on a sample of household with similar characteristics to those of the study sample and was not involved
in the main study. Piloting was carried out for 39 households which make 10 percent of the study sample.
According to Orodho (2004) the number in the pre-test should be 10 percent of the entire sample. Cronbach's alpha
was used to determine the internal consistency of items in the questionnaire to gauge its reliability According to
Cronbach (1957) a coefficient of between 0.7 < o < 0.9 is taken to be good while that of a > 0.9 is taken to be
excellent George (2003).

2.5 Data collection procedure

A letter of approval for the proposed research from the ethical review panel of Pwani University and an
introductory letter from Pwani University Graduate School was obtained. The letter was presented to the Tana
River Governor’s office to obtain permission to conduct the research in the area. Then various locations were
visited personally in order to get consent from the chiefs and village elders to administer the instruments. This
enabled the researcher to familiarize with the respondents and establish rapport. Two enumerators were selected
and trained for five days before the data collection exercise. Then the questionnaire was administered to the
participants. The respondents were assured of strict confidentiality in dealing with the responses. An informed
consent form was availed to the respondents which they duly signed. Data was collected on the following variables.
Exposure the researcher assessed defenselessness to drought. That included getting the indicators to quantify and
measure proneness according to (Acosta-Michlik et al. 2008; Kro"mker et al. 2008) and Ta nzler and Carius (2008).
From the questionnaire the researcher got data to derive membership functions for different categories of the
indicator of Negative consequences of drought. The researcher asked the participants to appraise eight classes of
possible negative consequences of drought.

Sensitivity the researcher developed a metric of sensitivity based on the level of dependence on farming
according to (Allison et al. 2009; Marshall et al. 2010). In developing the sensitivity metric, the respondents were
asked to list all livelihood activities that brought in food or income to their household and ranked them in order of
importance. That metric narrowed down the farm and non-farm activities

Adaptive Capacity the researcher used two sets of respondents. One was a panel of fifteen key informants to
provide ratings on the relative importance of the different indicators of adaptive capacity. The ratings were elicited
using the pairwise comparison questionnaire, coming with the method of Analytic Hierarchy Process. These key
informants ratings were used to generate the weights of each indicator using analytic hierarchy process (AHP)
(Saaty 2008). The second set of respondents consisted of 390 farming households selected through proportionate
random sampling. To form the adaptive capacity index a questionnaire was conducted on these respondents to
gather data on farming and household characteristics using five indicators of adaptive capacity that was physical,
financial, information, human and livelihood diversity.

The researcher selected four assistants from the local area to ensure local customs are respected. That enabled
creation of a rapport with the community. Two weeks were taken to explain the objectives of the study to the
community, adequate time was spent explaining the objectives and enough chance given to community for seeking
clarification. To minimize biases information notes was taken and later used to enrich the questionnaires. The
questionnaires used had specific questions with limited answers creating a possibility to get the quantitative data
that could be analysed statistically. The meetings took between 3 - 4 hours and they were done in all the five
locations with the permission of the area administrator (chief).

Data Analysis Method
This study Analysed a quantitative Vulnerability score by using an equation which combined three contributing
indices of exposure, sensitivity and adaptive capacity each normalized to 0—1 Scale (Adger and Vincent,
2005;Allison et al. 2009):
Vulnerability= exposure + sensitivity - adaptive capacity
For measuring exposure using fuzzy methodology.
In assessing inclination to drought the researcher was finding out
a) Which indicators were used to quantify and measure this inclination
b) How these indicators were interpreted
c) How the relationship between different factors for this inclination was described and quantitatively
modelled
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d) How a single numerical index would be computed for comparing this inclination between different
villages and social groups

This then lead to a four step methodology according to (Acosta-Michlik et al. 2008, Kro"mker et al. 2008) and
Ta"nzler and Carius (2008) as follows:
i) Selection of input variables: Here the researcher used a questionnaire to get data to derive membership functions
for different categories of the indicator ‘Consequences when drought occurs’. The researcher asked the participants
to appraise eight classes of possible consequences of drought. When there is drought ; “We will not have enough
food to eat’, “We will have little or no rains at all’, ‘Our farms will not be able to yield any harvests’, ‘We will be
forced to burn charcoal more often’, “We will be forced to seek food aid from government and NGOs’, ‘We will
not have enough drinking water’, ‘We will be forced to leave our home’, and ‘We will become ill more often’
ii) Fuzzification Alcamo et al. (2008): Membership functions created above allowed the researcher to quantify
linguistic term and represent a fuzzy set graphically. A membership function for a fuzzy set 4 on the universe of
discourse X was defined as pA: X — [0, 1]. So each element of X was mapped to a value between 0 and 1. That
was the membership value or degree of membership. It quantified the degree of membership of the element in X
to the fuzzy set 4. Thus x axis represented the universe of discourse while y axis represented the degrees of
membership in the [0, 1] interval. Thus translation from numerical data to linguistic categories, was the
‘Fuzzification’ and was accomplished through membership functions which defined the degree of membership of
each indicator in each category. So in the questionnaire the researcher asked the participants to rate each of the 8
consequences according to: 1 = ‘likely’, 0 = ‘partly likely and partly unlikely’, -1 = ‘unlikely’. Then the sum of
the different consequences was used to define the membership functions.
iii) Inference modelling Kro"mker et al. (2008): The core of this approach for quantifying exposure to drought was
the construction of an inference model. This model consisted of a rule system made up of linguistic statements, in
turn made up of variables described by fuzzy logic (Roberts 1996), Wu et al. (1996), Silvert (2000), Mackay and
Robinson (2000) and Kangas and Kangas (2004). The rule system defined the relationship between a given
combinations of indicators. A rule was needed for all variables and all their categories. Here there were two steps:
Step1: Construct knowledge base rules
The researcher created this
Step 2: Obtain fuzzy value
Fuzzy set operations perform evaluation of rules. The operations used by the researcher was AND. The researcher
combined all the results of evaluation to get the final result which was the fuzzy value.
iv)Defuzzification (Bothe 1998; Aliev et al. 2000)
Defuzzification was used to combine the results of each rule into one unique quantitative result. The researcher
used the defuzzification technique called center of gravity (Eierdanz et al. 2008).The fuzzy set membership
function had the graph of a triangle. As done by Eierdanz et al. (2008) this formed a trapezoid. These trapezoids
were then superimposed one upon another, forming a single geometric shape. Then, the centroid of that shape,
called the fuzzy centroid, was calculated. The x coordinate of the centroid was the defuzzified value.

Measuring Sensitivity

In measuring sensitivity a metric of sensitivity based on the level of dependence on farming was developed
according to (Allison et al. 2009; Marshall et al. 2010). That was done using surveys of 390 households living in
18 villages of Kinakomba Ward. Sampling of these households was done using a proportionate sampling design
taking 10% from each village based on the population of the village. In developing the sensitivity metric, the
respondents were asked to list all livelihood activities that brought in food or income to their household and ranked
them in order of importance. Occupations was grouped as follows: farming, crop sales, vegetable sales, casual
agricultural labour, casual non-agricultural labour, livestock sales(cattle, goats chicken etc.), fishing, skilled
trader/artisan, Medium/large business, petty trade(firewood sales etc.), formal salary/pension, remittance, other
and ‘None’ (Cinner and Bodin 2010). To narrow down sensitivity to extreme events like drought and floods the
researcher categorized farm and non-farm sectors (Barrett et al. 2001). This metric of sensitivity incorporated the
proportion of households engaged in farming. When these households also engaged in non-farm occupations the
researcher treated that as linkages between sectors and when the respondents ranked farming higher than any
activity that was treated as the directionality of these linkages the equation below was used:

F N Tens2) +1
" o (rpw2)
F+NF F+NF rp,+rnp +1

Where S = sensitivity, F = number of households relying on farming related activities, NF = number of

households relying on non-farming activities, N = number of households, Tfn = the number of times farming

related activities were ranked higher than non-farming activities (normalized by the number of households), Tnf
= the number of times non-farming related activities were ranked higher than farming activities (normalized by
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the number of households). The first part in this equation captured the ratio of farming to non-farming related
activities.

The second part of the equation captured the extent to which households dependent on farming also engage
in non-farming livelihood activities. That was linkage between sectors. This term decreased the level of sensitivity
when many households were engaged in both occupational categories

The third part of the equation captured the directionally of linkages between farming and non-farming
activities such that communities were more sensitive when households engage in farming and non-farming
activities consistently ranking the farming sector as more important than other livelihood activities. Using that
composite metric, the researcher captured some new aspects of sensitivity.

The sensitivity score had three factors. Firstly the fraction of households being engaged in farming related
activities, that factor ranged from 0 to 1.0 because each household was engaged in at least one sector and potentially
in both. Secondly the ratio of the total number of households to the total number of occurrences of households
being engaged in either the farm or non-farm sector. The ratio here ranged from 0.5 to 1.0 though the researcher
found 0.45 and rounded it off to 0.5. Thirdly the ranking of occupational importance was taken into Account. That
was designed to differentiate between cases when farming was being ranked higher than non-farming (and vice
versa). If the farming sector was ranked higher, the sensitivity index increased. And, if there were no linkages
whatsoever, the sensitivity score would peak (Cinner et al. 2012).

According to Cinner et al. (2012) to account for the effect of households being engaged in varying numbers
of occupations within two sectors say farming and non-farming, two approaches of arriving at the sensitivity index
can be used. The researcher used the second approach which increases the link strength by 1.0 each time an
occupation is ranked higher than the occupation that follows next after on the ranking list i.e. assuming that the
other occupation belongs to the other sector. If, however, the occupation number three on the ranking list is the
farming the link is increased by 2.0. Also, the link going from non-farming to farming is increased by 1.0 since
there is one occurrence of a non-farming related occupation being ranked higher than a farming related occupation
(i.e. position two and three on the ranking list). Irrespective of the chosen approach, the value of the term will
never exceed 1.0. However, the minimum value depends on the number of occupations, and how they are ranked
internally, for each household. It will typically be in the range of 0.5-1.0.

Measuring Social adaptive capacity index
There were two sets of respondents for this study. One was a panel of fifteen key informants (drawn from the line
ministries, involved in this area), purposively chosen, to provide ratings on the relative importance of the different
indicators of adaptive capacity. The ratings was elicited using the pairwise comparison questionnaire, which comes
with the method of Analytic Hierarchy Process. These key informants ratings was used to generate the weights of
each indicator using analytic hierarchy process (AHP) (Saaty 2008). The second set of respondents consisted of
390 farming households selected through proportionate random sampling. To form the adaptive capacity index a
survey, with the aid of an interview guide, was conducted on these respondents to gather data on farming and
household characteristics for the adaptive capacity indicators.
i. Method of Analysis
The adaptive capacity to climate change and variability of farming households was measured using a composite
index. The index consisted of various indicators of adaptive capacity following the sustainable livelihoods
framework. Based on this approach, adaptive capacity was determined by ownership and access to resources,
information and technology, and ability to diversify livelihoods to cope with Climate-related stresses. The adaptive
capacity index in this study followed the variables included in the vulnerability index of Eakin and Bojorquez-
Tapia (2009). Each farming household was analyzed using five indicators of adaptive capacity that was physical,
financial, information, human and livelihood diversity.
ii. Index Construction

The composite index was constructed to come up with adaptive capacity scores for each household. The first step
was the scoring of categorical data using Analytic Hierarchy Process (AHP) based on the ratings/judgements of
key informant. The Analytic hierarchy process is a multiple criteria decision-making tool introduced by Thomas
Saaty (1980) that uses an Eigenvalue Betteridge (1965) approach to the pair-wise comparisons. Following the
AHP procedure, the components, indicators, and sub-indicators of adaptive capacity were turned into a multi-level
hierarchical structure to facilitate pairwise comparisons using key informant judgment at each level. The
instrument for the pairwise comparisons used AHP’s 9-point scale format wherein the relative importance of
indicators and sub-indicators were compared and assessed based on key informant’s ratings. The weights were
computed using the Analytical Network Process (ANP) software, Super Decisions version 3.0

The calculation of priorities adopted the procedure of Beritella et al. (2007) which converted the responses
of key informants into a judgmental matrix:
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The priorities or weights of the elements were estimated by finding the principal eigenvector w of the matrix
A which is: AW=kmax W, Amax is the largest eigenvector of the matrix A. The vector /¥ was normalized to get
the vector of priorities of elements of one level with respect to the upper level. The priorities served as weights of
the elements at each hierarchic level.

The next step in the construction of the index was aggregating or combining all indicator scores with their
corresponding weights to come up with one single index Value/scores ranging from zero to one for adaptive
capacity. The final step was classification of the scores into three levels — low, moderate and high adaptive capacity.

3. Results and Discussion

3.1 Data Analysis Method

To understand the interaction of these variables this study Analysed a quantitative Vulnerability score by using an
equation which combined three contributing indices of exposure, sensitivity and adaptive capacity each normalized
to 0—1 Scale (Adger and Vincent 2005;Allison et al. 2009):

Vulnerability= exposure + sensitivity - adaptive capacity

From the data collected and the groups formed from the area of study the following table was established as shown
in Table 2:

3.2 Vulnerability Score for Kinakomba Ward

The vulnerability score was obtained by adding exposure to sensitivity and subtracting the adaptive capacity as

shown in Table 2 below:

Table 29 The single vulnerability score for Kinakomba Ward

The single Vulnerability Index for Kinakomba Ward

Exposure Sensitivity Adaptive Capacity Cumulative vulnerability
Kinakomba Ward 0.35 0.25 0.3 0.3

The totals of sensitivity 0.2458 + exposure 0.35 + Adaptive capacity 0.2998= 0.8956

Divide each element with the total — sensitivity 0.2744, Exposure 0.3908, Adaptive capacity - 0.3347 =0.9999.

The relative average of this normalised vulnerability score is 0.3333

3.3 Testing the Hypothesis

The chi-square goodness of fit test is applied when there is one categorical variable from a single population. It is
used to determine whether sample data are consistent with a hypothesized distribution.

It is appropriate to use the chi-square goodness of fit test when, the sampling method is simple random sampling,
the variable under study is categorical and the expected value of the number of sample observations in each level
of the variable is at least 5. There are 4 steps: State the hypotheses, Formulate an analysis plan, Analyze sample
data, and then interpret results.

Step 1: State the Hypotheses

Every hypothesis test requires the researcher to state a null hypothesis (Hy) and an alternative hypothesis (H,). The
hypotheses are stated in such a way that they are mutually exclusive. That is, if one is true, the other must be false;
and vice versa.

i. Hoi The vulnerability of the smallholder farmers is not significantly related to their exposure, sensitivity and
adaptive capacity to climate related shocks in Kinakomba Ward.

ii. Ho1 The vulnerability of the smallholder farmers is significantly related to their exposure, sensitivity and
adaptive capacity to climate related shocks in Kinakomba Ward

Step 2: Formulate an Analysis Plan

This analysis plan describes how to use sample data to accept or reject the null hypothesis.

1. Significance Level here is equal to 0.05

2. The test Method. We use the Chi-square goodness of fit test to determine whether observed sample frequencies
differ significantly from expected frequencies specified in the null hypothesis.

Step 3: Analyze Sample Data

Using sample data the researcher looked for the degrees of freedom, expected frequency counts, test statistic, and
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the P-value associated with the test statistic.
Degrees of Freedom (DF) is equal to the number of levels (k) of the categorical variable minus 1 in our case it is
the number of the Criterion which are five:
DF =k — 1. In our case it is 3-1=2
The expected frequency counts at each level of the categorical variable are equal to the sample size times the
hypothesized proportion from the null hypothesis.
Ei = npj
where E; is the expected frequency count for the ith level of the categorical variable, n is the total sample size, and
pi is the hypothesized proportion of observations in level i. In this Study:
E;=390%0.2744(107.016) E>=390*03908(152.412) E3=390*0.3347(130.553)
The test statistic is a chi-square random variable (X?) defined by the following equation:
X2=X[(0i-E)?/E]
Where O; is the observed frequency count for the ith level of the categorical variable, and E; is the expected
frequency count for the ith level of the categorical variable.
X2=3 [(O, - Ei) 2 / Ei]
X%=[(107-107.016)%/107.016] + [(152-152.412)%/152.412] + [(130-130.553) %/130.553]
X2%=[(-0.016)%/107.016] + [(-0.412) %/152.412] + [(-0.553) %/130.553]

=2.3922+0.0011+0.0023=2.3956
where DF is the degrees of freedom, k is the number of levels of the categorical variable, n is the number of
observations in the sample, E; is the expected frequency count for level i, O; is the observed frequency count for
level i, and X? is the chi-square test statistic.
The P-value is the probability that a chi-square statistic having 2 degrees of freedom is more extreme than 0.9997.
Using the Chi-square Distribution Calculator to find P (X2 > 0.9997) = 2.3956.
Step 4: Interpret Results
Since the P-value (2.3956) is more than the significance level (0.05), the researcher accepts the null hypothesis.
This approach is appropriate because the sampling method was simple random sampling, the variable under study
was categorical, and each level of the categorical variable had an expected frequency count of at least 5

3.4 Visualization of different components of Vulnerability

To visualize differences in key components of vulnerability the researcher plotted the three dimensions on a bubble
plot, where sensitivity is plotted against Adaptive Capacity and exposure is indicated as the size of the points
showing larger points to mean higher exposure Figure 3 below.

The figure shows the plot of the vulnerability of Kinakomba Ward smallholder farmers to the impacts of
Climate Related Shocks on their farming activities. Adaptive Capacity (x-axis; note values reversed so that high
adaptive capacity is on the left) is plotted against Sensitivity (y-axis) such that more vulnerable smallholder farmers
are on the right of the graph and less vulnerable smallholder farmers in the bottom left of the figure. These two
dimensions of vulnerability can be modified by policy and development. The third dimension of vulnerability,
exposure is represented as the size of the bubble (larger=more exposure). To aid in visualization, exposure values
were represented as the lowest, middle and highest rather than scaled to actual site values. Colours represent
villages.

Exposure
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Figure 4 Visualization of different components of Vulnerability
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4. Conclusion

Exposure at 0.39 contributed more than adaptive capacity at 0.3 to the cumulative vulnerability. At the same time
Adaptive capacity at 0.3 contributed more than sensitivity at 0.25. Sensitivity contributed least to the cumulative
vulnerability. Adaptive capacity at 0.3 was equal to cumulative vulnerability at 0.3. Exposure contributed the most
meaning that the smallholder farmers in Kinakomba Ward were exposed more to climatic related shocks like
drought and floods at about 40% out of the other factors like sensitivity and adaptive capacity all of which each
contributed about 30% to cumulative vulnerability. The study concluded that if exposure is mitigated and adaptive
capacity increased through policy then vulnerability of the smallholder farmers will greatly reduce. Consequently
this will have empowered the smallholder farmers contributing to their sustainable food production and ultimately
to their food security.

The study also concluded that as sensitivity increases vulnerability also increases while it was the opposite
for adaptive capacity which when it increases vulnerability reduces. These two dimensions of vulnerability namely
sensitivity and adaptive capacity can be modified by policy and development. Smallholder farmers are more
sensitive to climatic shocks when they depend only on farming activities especially of a single crop or two.
Diversification of farming activities including rearing of livestock, planting a variety of different crops would
reduce sensitivity of the smallholder farmers. The study also concluded that the adaptive capacity of smallholder
farmers would be greatly enhanced if they get trainings. Trainings in sustainable agriculture, agroecological
approaches and even agroforestry. This will greatly reduce vulnerability of the smallholder farmers in Kinakomba
Ward because their adaptive capacity would have increased.

Recommendations;

i. The study recommended that the County and National governments and stakeholders to employ measures to
adapt to climate change and variability.

ii. This study also recommended that the Government in partnership with other stakeholders develop a
comprehensive disaster risk management framework to address the drought hazards and undertake mitigation and
adaptation measures by equipping the smallholder farmers with knowledge on how to cope with the cyclic and
vicious droughts’ impacts that have led to serious irreversible harm to humans and livestock in the area.

iii. Also that the Government in partnership with stakeholders develop interventions of adaptation options and
empowerment of farmers with skills in diversification of livelihoods options.

iv. The Government to develop policy on irrigation where the Government and Stakeholders would support
irrigation outside the floods plains because the farmers still use floods receded irrigation along the river.

v. Another area would be supporting solar powered irrigation which is doing very well and it is cheaper for the
farmers, environmentally friendly and produces clean energy without noise. Another area would be supporting
irrigation by gravity which would be extremely cheap.

vi. Further policy measure would be promoting and enforcing water storage in the village irrigation schemes that
can last at least three months just in case the solar pump has mechanical problems. This would mean the stored
water will take the planted crop to maturity.

vii. Another would be enhancing the adaptive capacity of the farmers through availing and having the early
warning system working and having smallholder farmer’s access information on the correct seeds and at the right
time.

viii. Also the smallholder farmers to access credit easily and the land in the area to be demarcated and titled so that
they can use the title deeds as collateral for accessing financial support from financial institutions.
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