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ABSTRACT 

Climate variability and change has been found to be one of the variables that affect 

economies of many countries leading to food scarcity in several parts of the world. 

Kenya is no exception. This research was conducted in Kisii County and it 

investigated how climate variability affects food insecurity. The objectives of this 

study were; first to examine the precipitation and temperature trends in Kisii County, 

secondly to establish the effect of climate variability on food production and lastly, to 

identify the coping strategies adopted at household level to mitigate the impact of 

food shortages. The research questions were; is there any significant trend and pattern 

of rainfall and temperature in Kisii County? is there any significant impact of climate 

variability on food production in Kisii County? and finally, which are the possible 

strategies adapted at household levels to cope with food insecurity in Kisii County?. 

The study population was composed of agricultural officers, Kenya Meteorological 

officers and farmers. Purposive sampling was applied in the selection of agricultural 

and meteorological officers whereas multistage sampling was used to select 

respondents at household level. Primary data was gathered by use of a pretested 

questionnaire. The questionnaire was first pre tested in neighbouring Homabay 

County whereby it was established to thirty respondents. Their responses were 

tabulated, computed and yielded a Cronbach coefficient alpha index of zero point nine 

two zero.  Mann Kendall statistic test was applied to establish whether the trend of 

precipitation and temperature observed was significant, whereas chi square test was 

used to determine whether the coping strategies observed varied significantly at 

household level. The data used was mainly for rainfall and temperature from Karlo 

and coffee substation weather stations, while food crop production trends and the 

prices of maize and beans were obtained from agricultural offices at Marani and 

Bomachoge Chache sub counties. From the analysis, rainfall did not show any 

significant trend in Kisii County whilst temperature trend, revealed a significantly 

upward trend over the years, at ninety five confidence level. The analysis of major 

crop yields and their price trends indicated a decreasing trend of food production 

resulting into high prices over the years. This meant that farmers could not produce 

sufficient food to sustain themselves to the next harvesting season, hence forcing them 

to adopt different coping tactics at household level that varied significantly. The 

coping techniques preferred include, purchasing food from nearby markets for 

majority of farmers, whilst others got food aid from donors. Since most of the farmers 

were food insecure, the study recommended that, County government and National 

governments should bring climatic information to the farmers, establish alternative 

sources of water to cushion farmers during prolonged dry spells and lastly encourage 

farmers to embrace deep rooted crops such as bananas which can withstand dry 

conditions. Since the study only examined two climatic factors i.e rainfall and 

temperature, there was need to undertake research on other alternative crops that can 

withstand the prevailing climate and also evaluate the effect of land sub-division. This 

will additionally contribute to national efforts towards realization of Vision 2030. 
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DEFINITION OF OPERATIONAL TERMS 

Climate change-     Climate change refers to global variation or change in regional 

average weather conditions mainly as from the last half of the 20th 

Century to date, due to accumulation of carbon dioxide emissions 

as result of using fossil fuels and loss of CO2 absorbing 

vegetation. 

Food Security-        Food security is situation whereby all people at all time have 

access to not only enough and safe food, but also that which is 

economical, nutritious and capable of meeting the required dietary 

needs for life that is active and healthy. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xii 
 

ABBREVIATIONS AND ACROYNYMS 

 

AEZM Agro-Ecological Zone Model. 

AFIDEP African Institute for Development Policy. 

APO Asian Productivity Organization. 

ASAL Arid and Semi-Arid Land. 

AWSC          African Women Studies Centre  

BMI Body Mass Index. 

CDC Centre for Disease Control. 

C.F.S.           Committee of World Food Security. 

DJF         December, January, February. 

ENSO            El-Nino/Southern Oscillation 

ET Evapo-transpiration. 

FAO  Food and Agricultural Organization. 

GDP Gross Domestic Production. 

GOK Government of Kenya 

CMIP             Coupled Model Inter-comparison Project. 

IFPRI International Food Policy Research Institute. 

IOD               Indian Ocean Dipole 

IPCC Intergovernmental Panel for Climate Change. 



xiii 
 

ITCZ Inter Tropical Convergence Zone 

JJA             June July and August. 

KCG  Kisii County Government. 

KNBS Kenya National Bureau of Statistics. 

LTM                Long Term Mean 

MAM March April May 

MoA    Ministry of Agriculture. 

NACOSTI National Council of Science, Technology and Innovation.   

NALEP  National Livestock Extension Program. 

OND October, November, December 

SON                 September, October and November 

 USAID          United States Agency For International Development 

WHO  World Health Organization. 

  

  

  

 



 
 

1 
 

CHAPTER ONE 

INTRODUCTION TO THE STUDY 

  1.1 Background Information of the study. 

 Climate change may be caused by natural processes or by other human influences. 

The natural processes include volcanoes, internal variability in climatic factors or 

sun’s radiation. Human activities that influence climatic change alongside land use 

changes include, release of greenhouse gases and changing of concentration of 

suspended particulate matter in the atmosphere (Margaret 2018). Climate alteration 

affects directly food systems and food accessibility globally (Ray et al., 2019). Food 

security is attained when all people have access to enough food that is safe and 

nutritious for their dietary needs and preferences (Global Strategic Framework 2012). 

Conversely in 2017, hunger and famine was widespread globally leading to severe 

malnutrition and poor health (Food Agricultural Organization 2017). Malnutrition 

includes imbalance, excesses or deficiencies in a person’s access to energy intake 

(FAO 2018). The modern complex global food systems that are struggling to satisfy 

the ever increasing need for food from the increasing world populace, are seriously 

under threat from the effect of climate change (Chase et al., 2019, Stevanovic et al., 

2016) and the projection is that, if a solution is not in place in good time, then this 

threat is likely to affect the pillars of food security such as: its availability, 

accessibility, utilization and stability.  

 

It is estimated that close to 2 billion people in the world are facing modest or severe 

food shortages (UNICEF 2019).In some areas of North America, southern and eastern 

states have shown consistent decline in food crop yield as result of climate alteration 

(Ray et al., 2019). In Canada seven out of 22 neighborhoods of Toronto are not only 
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at a great risk of limited access to food after extreme weather events, but also have 

high instances of food insecurity (Kimberly et al., 2018). In Vietnam, maize growing 

has been affected by climate change in some areas such as Muong Te district which is 

located to the north western part of Vietnam in Lai Chau province. In addition, other 

districts located in Mekong delta have experienced low food crop yields especially 

maize as result of adverse effects of floods and droughts. The middle zones of 

Vietnam have not been spared either, whereby maize yields have declined due to 

weather extremes such as tropical cyclones, flooding and droughts (Louis et al., 

2019). 

 

In a study that was done in Pakistan by Saijad et al (2017) on the repercussion of 

climate transformation on food crops, it was revealed that, wheat is the leading stable 

food in Pakistan. The study continues to show that during its process of production, 

rainfall patterns and prolonged winter periods have damaged and lowered its yields 

leading to food insecurity. For instance, during 2013-2015, there was a reduction of 

1.9% in the production of wheat from 25.979 million tons to 25.478 million tones. 

 

 In Senegal, Komlan et al (2017) reveals that food insecurity was more common in the 

central and southern parts of the country mostly in Kolda, Ziguinchor and Kedugu 

areas. In these regions, rain fed rice production varied between 1 to 2 tonnes/ha. 

Among the many reasons revealed by the study was a strong relationship between 

precipitation and cereal crop production mostly in Ziguinchor. 

 

In Southern Africa Development Community (SADC) region, rainfall trend during 

1960 to 1996 was analyzed by Sylvester et al (2018) who showed that precipitation 
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was extremely variable between 1960-1961 and 1988-1989. However, from 1989-

1990 onward, the rainfall variability was dominated by a decline in rainfall amounts 

mainly in summer. This reduction in rainfall impacted negatively in food production 

hence exacerbating SADC vulnerability. The study further revealed that, during 

2015/2016 El Niño Southern Oscillation (ENSO), the induced drought was estimated 

to have affected over 40 million people who became food insecure, by not only 

causing 643,000 livestock deaths but also caused a short fall of 5.1 million tons in 

maize production. 

 

In East Africa, a study in Uganda was carried out amongst the Batwa in Kanungu 

District. It indicated that, food insecurity among the households was quite high in the 

dry season compared to wet seasons whereby during the dry season, food insecurity 

increased significantly by 4% (Kaitlin et al., 2016). In Kenya unfavorable weather 

conditions in 2019 led to the reduction of cereal production, which in turn led to food 

shortages (FAO 2020a). As a result of the food shortages, maize prices rose up to a 

worsening scenario. For instance, close to 70% of ASAL counties in Kenya recorded 

higher maize prices in January 2020 compared to previous years 2016-2018 (National 

Drought Management Authority 2020). 

1.2 Statement of the Problem. 

Accessibility to food security is very critical to human survival (Manap and Ismail 

2019). When a higher proportion of people in a region are able to access nutritious 

and sufficient food, instances of malnutrition and poor health are greatly reduced 

(FAO 2019). Contrary, Kenya is among the countries that have been listed as low-

income food deficit countries globally (FAO 2020b), whereby close to 2.7 million 

people were estimated to be food insecure in 23 out of 47 counties in Kenya in 
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January 2017, (NDMA 2017)  by March, their number had increased to 3 million 

people (Kenya Food Security Steering Group 2017). According to Kisii County 

development plan 2018-2022, the poverty levels in the county stood at 44.5% while 

the number of stunted children ranged between 36-46% (Kenya National Bureau of 

Statistics 2015). Approximately, 32% of the population in Kisii Central rely on food 

bought from the market (Gichere et al., 2013) and this situation has worsened to the 

extent that, about 47 % of the residents in Kisii County by 2014 had no enough food 

in their households (African Women Studies Centre 2014).  

 

This has attracted a number of food programs in Kisii County including Njaa 

marufuku which deals with value addition and Kenya Agricultural productivity and 

agribusiness project that deals with improvement of agricultural system through 

adoption of agricultural technology. In addition, a number of researchers such Ogechi 

and Waithaka 2014, Nyariki et al (2015) and Kumba et al (2015)  have come up with 

solutions to food insecurity.  Food shortages may lead to many challenges in the 

county whereby it may reduce labour production, cause hunger and eventually reduce 

life expectancy. 

Despite the many studies and food security programmes active in Kisii County, there 

is still a high incidence of food scarcity. Among the investigated factors were; the 

effect of land fragmentation, use of agricultural land, and land use/cover changes on 

food security by Kumba et al (2015), the effect of land fragmentation on food security 

and implications of land use cover changes on food security by Nyariki et al  (2014) 

and Ogechi and Waithaka (2014) respectively. While all these aspects contribute 

towards understanding the cause of food insecurity in the County, the study believes 
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that, the effects of climate variability and change has not been studied exhaustively, 

hence the purpose of this research.  

1.3. Research Objectives 

The main objective of this study was to examine the impact of climate variability on 

food security in Kisii County. The study was guided by the following specific 

objectives; 

i). To analyze rainfall and temperature trends in Kisii County.  

ii). To determine the effect of climate variability on food production in Kisii County. 

iii). To identify the coping strategies at household level adapted to reduce the impact 

of food shortage. 

1.4 Research Questions 

The study was guided by the following specific questions: 

i.  Is there any significant trend and pattern of rainfall, and temperature in Kisii 

County? 

ii.  Is there any significant impact of climate variability on food production in Kisii 

County? 

iii. Which are the possible strategies adapted at household levels to cope with food 

insecurity in Kisii County.? 

1.5 Assumptions 

The study worked on the following assumptions: 

i. That household respondent will be available and they will give truthful 

information. 

ii. That agricultural officers will co-operate and be willing to release the required 

data.  
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iii. That intervening variables not under study will not have significant effects on 

the   findings. 

   1.6 Justification and significance of the study 

There was no useful data on rainfall and temperature trends in Kisii County. Among 

the literature reviewed, no study had been done before on climate variability and how 

it affects food security in the county hence need for this study. It is with this optimism 

that the findings from this study would be used to project the future of food security 

with the changing climate. In addition, the study would also assist the Kisii County 

government planners and ward representatives in planning for their county and 

electoral wards respectively. When the findings of this study will be published, it will 

positively contribute to the body of knowledge done by other researchers. Lastly the 

knowledge gaps for further studies will be identified, and any effort to fill them will 

be a step forward to realizing food security for attainment of Vision 2030 and the Big 

4 Agenda in Kisii County and other counties in Kenya through formulation of policies 

based on research findings. 

1.7 Scope and limitation of the Study. 

Kisii County is made up of 11 sub-counties, 33 Divisions, 103 locations and 237 sub-

locations. The Sub-counties are Marani, Kisii South, Gucha South, Kenyenya, 

Bomachoge Chache, Nyamache, Kisii Central, Sameta, Etago and Masaba South. Due 

to its demographic and geo -physical homogeneity Marani and Bomachoge chache 

sub-counties were purposively sampled for this study because they had the highest 

number of food security programs in the county (KCG, 2013).  This study considered 

climate variation for only 31 years which is above the minimum threshold of 30 years 

required observation for average weather conditions. The year   1983 was taken as the 

starting year because it conspicuously stand out as the year when droughts in Kenya 
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started worsening systematically compared to preceding years (Omoyo et al., 2015, 

Anya and Semazzi  2006). Production trends for Beans, maize, sweet potatoes and 

bananas were only available between 2009 -2015 in Marani while in Bomachoge 

Chache they were available between 2006 -2015. Market prices were only available 

for Maize and Beans in both sub counties. In addition, temperature readings were only 

available at Karlo weather station. Rainfall totals were available from two weather 

stations; Karlo and coffee substation and they only covered up to 2013. All other 

weather stations in Kisii County did not have sufficient data. 

The following were the limitations experienced during the study; 

i. Many weather stations in Kisii County that collect rainfall totals had been 

run down. The study only used data from the two stations Karlo and coffee 

substation that had rainfall totals covering 31 years. 

ii. The study area had many roads in a bad state that could not allow the use a 

motor vehicle. The study used motor cycles in transportation of research 

tools and in some instances walking was preferred. 

iii. Some respondents were nervous in revealing their state of food security. 

The researcher explained clearly the objective of the study and informed 

the respondent that the information gained would be under confidential 

cover and their name was optional. 
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CHAPTER TWO 

LITERATURE REVIEW 

 2.1 Introduction 

This chapter reviews some of the existing scientific literature on  the following 

factors; Forcing mechanisms on climate variability in Kisii County, climate change, 

effects of climate variability and change on food security, adaptation to climate 

change, food security and the conceptual frame work of the study.  

2.2 Climate Changes 

 Since climate change happens slowly and gradually, it is hard to be perceived in the 

absence of scientific data. Scientists detect climate change by examining average 

trends of climatic elements occurring in a span of time. Changes happening in the 

earth‘s environment may originate from the revolution of the earth around the sun or 

they may be caused by human modification of the environment hence leading to 

climate change (Tranter,2017,  Ebele and Emondi, 2016). The rate at which climate 

change is taking place in modern times is quite high, compared to what has been 

witnessed before the pre industrial period. Lately, temperatures are on upward trend 

globally especially in Bangladesh (Syed and Al Amin   2016) with strong evidence 

linking human related activities on the surface of the earth (Margaret, 2018).  

In a research done by Tajeda et al (2016) in Equador, the climatic data for 

precipitation and temperature was collected and pre- processed at a research center for 

El Niño. Once the data was processed, then trends of precipitation and temperature 

was computed using Mann Kendell trend test. Results from various weather stations 

located along Andean mountain chains coded as PC1 indicated that, there was no 

trend in precipitation even though there were some spikes during wet and dry seasons. 

On temperature, the result showed a steep increase.   
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In the horn of Africa Ghebrezgabher et al (2016) investigated long term trends of 

climate change and droughts. The study collected information from 46 weather 

stations located within and outside the region. Their result showed that, rainfall and 

temperature oscillated up and down at a rate of -0.3913 and 0.0084 per year. The 

trend for rainfall was not significant at 95% confidence interval while the trend for 

temperature was significant at 99% confidence level. The peak amount of rainfall was 

captured in 1961, 1967 and 1997 while the lowest was recorded in 1943, 1984, and 

2009.The warmest year was in 2009 by 1.004C°.  

 In another study mounted in South Africa by Wilgen et al (2016) investigating 

temperature and rainfall trends, data was computed for 80 years. The findings from 

the research indicated that, there was a vital yearly increase in one of the temperature 

variables in nine out of 13 weather stations. In some weather stations located to north 

western parks such as Kalahari, Gemshock, Richtersveld and Aurabiesfall, revealed 

greatest increase in temperature trend. In those other ones located in the parks and had 

data for 50 years, they showed that, maximum temperature had risen by 1.95°C since 

1960. On precipitation patterns, the study indicated that no significant trend was 

detected across the study area.   

 Climate change in Uganda, is already taking its toll on the farmers’ crop production. 

Across all agro ecological zones, drought had the highest impact of approximately of 

37% of the household, compared to the effect of floods at 20% of the household 

(Okonya et al., 2013). Most of the farmers in Uganda have been affected by the 

variation in rainfall both in amount and intensity. In addition to the variation in 

rainfall, temperatures have also been noted as having been on the increasing trend for 

the last 10 years (Nsubuga and Rantenbach 2018). High temperatures have impacted 

negatively on the yields of both cereals and coffee, leading to high prices (Mawenjje 
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2016). In addition, rainfall across Uganda has been unreliable and highly vary on its 

onset, cessation and even in its distribution, leading to low crop production or total 

failure. 

 Climate change is clearly manifesting itself and it is increasing at a frightening pace, 

inform of the  rising temperature and rainfall unpredictability whereby, some parts of 

Kenya, Ethiopia and Tanzania experience rainfall that has no significant trend 

(Gebrechorkos et al., 2019). This has made Kenya to be vulnerable to the impacts of 

climate change (Marigi 2017). In a research done by Marigi (2017) in the southern 

Kenya, data was collected from five weather stations namely; Makindu, Katumani, 

Mutomo, Kitui and Mwingi. Mann Kendall’s Tau test was used to compute the trends. 

The findings were that, the trend for heavy rainfall days were decreasing while the 

frequency of the number of warm days had increased in the area. For instance at 

Katumani and Makindu weather stations, there was an increase in the number of 

warmer days that were over 25°C5% significance level. In addition, the frequency of 

cold nights was also on the increase. Minimum temperature of less than 10th percentile 

was on upward trend in Katumani and Kitui stations at 5% significance level. On days 

with maximum temperature of less than 10th percentile of maximum temperatures, 

cold day time was on a decreasing trend as the frequency of warmer nights increased.  

The vulnerability to climate change across Kenya mainly depends on the region’s 

exposure, sensitivity and its adaptation. For instance droughts and floods have 

accounted for the highest impacts that have caused colossal economic losses in terms 

of destroyed property and loss of livelihood such as staple crops like maize and tea 

(Ochieng 2016, Marigi et al., 2016).   

Temperature and precipitation changes are two climatic elements which are of great 

concern to agricultural activities in Kenya. For instance both minimum and maximum 
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temperatures on the normal average seasons of December to February, March to May 

and September to November exhibits a rise in temperature across the northern parts of 

Kenya while some parts have no well defined patterns of precipitation trend due to its 

high spatial variability (Indeje et al., 2000). The climate change that is being felt in 

Kenya is happening at an alarming rate hence endangering natural resources such as 

flora and fauna.  

There is an indication that ASAL is increasing and expanding towards the remaining 

rich flora and fauna areas in Kenya. In addition, the increasing trend in temperature 

and much longer periods of drought may not only lead to more frequent and intense 

forest fires but also may expand the ecosystem range of pests and other pathogens 

(Madegwa et al 2016). The frequency and intensity of climate change events, such as 

drought and floods have also taken toll of productive assets, personal property and 

even life in some parts of Kenya. Famine cycles have been worsening from 20 years 

in 1964-1984 to 12, and  in 1984-96 to 2 years, 2004-2006 onwards to date, almost 

yearly (GOK, 2010). This has made the government of Kenya to spend huge sums of 

money estimated to be 20 billion between 2005 -2009 in providing various food stuffs 

to feed a population of about 3.5 -4.5 million people every year (GOK, 2010). Food 

shortages may continues in Kenya since large areas in Kenya had witnessed more 

than 100mm drop in rainfall during the long season  by 2010 (FEWS  2010). This 

decline has made the acreage of the area under crop production to also decrease 

making the agricultural production in Kenya to be on a downward trend (Patel et al., 

2012; AFIDEP 2012).  

Comparatively before 1970, agricultural production rate in Kenya was 4.8 % p.a. but 

between 1980 -1990 the production rate declined to 3.3 % and then worsened to 1.7 % 

between 1990 -2000 (Patel et al., 2012). Such a decline further worsens the fact that 
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about 65% of the populace in Kenya depends on farming and natural forests for their 

survival. Worse still, the ongoing subdivision of the arable land per capita, is now less 

than 0.14 ha. Yields from s mall plots are exacerbated by frequent droughts and floods 

(Patel et al., 2012) that lead to perpetual food insecurity that is experienced in the 

country, which may lead to malnutrition.  In central Kenya, the biggest challenge 

facing farmers in market gardening is unpredictable rains and lack irrigation tools 

(Ndukhu et al., 2016). Changes in climatic variables such as rainfall and temperature 

affect crop productivity in situations where rainfall delays in its commencement or is 

accompanied with occasional erratic floods that cause damage to crops. 

 The Kenyan government has responded positively to climate change and its effects 

by setting up an implementation plan in its long term development policy, the Vision 

2030. This policy is aimed at changing Kenya into a middle level income country that 

provides high class life in a fresh and safe environment. Vision 2030 has three pillars 

namely; social, Economic and political pillar. Food security is entrenched in the 

economic pillar. In this pillar, agriculture has been emphasized. For instance, the 

government intends to increase income through agriculture, livestock and fisheries. 

This will be done through the processing and value addition to agricultural products 

before marketing and through innovations in modern agriculture. This will be 

achieved through better yields in key crops and utilization of currently uncultivated 

land. Other ways through which the government hopes to raise agricultural 

production, is to implement consolidated land legislation, fertilizer subsidy initiative 

and setting up of disease free zones for livestock in ASAL regions. To achieve this 

goal, climate change and population dynamics are key issues to be addressed. Vision 

2030 may not be realized if challenges facing its implementation are not tackled in 

good time. For instance, the realization of the Vision 2030 in Laikipia County is being 
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challenged by ecological environment, brought about by climate change and 

variability (Kilonzi and Ndungu 2014).  

In Trans Mara East Sub County, Narok County, Simotwo et al (2016) reveals that, out 

of the contacted farmers, 33% had 2.1 ha to 2.5 ha farms, whereby large portions of 

land were under the cultivation of maize and beans while smaller portions were left 

for cattle keeping. The cultivation of crops that can withstand droughts such as 

sorghum, finger millet, and sweet potatoes were given much smaller portions of land, 

an implication that the adaptive crops have not been given prominence in the 

changing climate. In terms of climatic factors, Trans Mara east sub-county has 

witnessed major shifts in mean annual amounts of rainfall. For instance, between 

2000-2015 rainfall totals received in the area, did not only decline, but also the peaks 

of long and short rains became irregular from one year to another whereby, between 

1980 -1999, this rainfall peaks had been missed in some instances. The authors have 

only examined the trends of rainfall in various weather stations and have not linked 

the trends to food security which is the main focus of this study.  

2.3 Forcing Mechanisms on Climate Variability in Kisii. 

2.3.1. Local Control Factors. 

 Lake Victoria influences rainfall in East Africa, whereby it has a strong influence of 

high rainfall peaks in the areas that lie to the north east and south west (Evans et al., 

2020, Finney et al., 2019). Other local factors include Kenya highlands, insolation, 

wind circulation patterns over Lake Victoria and their interaction with large scale 

mechanisms such as moist westerlies from Congo basin. Westerlies from Congo basin 

results into the experienced frequent thunderstorms and the enhanced rainfall 

activities in the afternoon over the western parts of Kenya (Nicholson 2016). 
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2.3.2. Large Scale Factors 

2.3.2.1. Effect of ENSO on Rainfall Pattern in Kisii. 

 El Niño /Southern Oscillation (ENSO) is one of the largest global teleconnections 

across the world. It is a naturally occurring phenomenon that involves fluctuating 

ocean temperature in central and eastern equatorial pacific together with atmospheric 

changes. ENSO has greater control of climatic patterns in several regions of the world 

(Rembold et al., 2015). With the present advancement in technology and research, its 

prediction and eventual occurrence can now be done accurately between ranges of one 

month to nine months in advance. This has helped many communities in the world to 

prepare for the hazards that are associated with it, such as heavy rainfall, floods and 

droughts. El Niño and La Niña are oceanic components, whereas the southern 

oscillation is simply an atmospheric counterpart. ENSO is comprised of three 

distinctive phases; El Niño, La Niña and neutral phase.  

El Niño starts with wide spread warming of the surface water in middle and eastern 

parts of Equatorial Pacific Ocean and it usually begins in the middle of the year 

reaching its climax during November –January. After which it then decays over the 

first half of the following year. It can last for 18 months and it may re-occur every 2-7 

years with varying intensity (Siderious et al., 2018). On the other hand, La Niña 

occurs with the large scale cooling of the ocean temperature producing opposite 

atmospheric conditions of the El Niño episode (Fer et al., 2017).  Finally during 

ENSO neutral phase, the patterns observed in the atmosphere are controlled by other 

prevailing climatic factors. For instance, Temperature shifts during El Niño and La 

Niña usually come with much higher large scale variations in air pressure, a condition 

better known as Southern Oscillation. Southern oscillation is an east-west air flow that 

occurs in between the Indo Australian and Pacific regions. The southern oscillation 
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has two phases namely: the negative and positive. Negative phase which is associated 

with El Niño episode occurs when abnormally high air pressure is experienced over 

Indonesia and anomaly of low pressure covers central and /or eastern tropical pacific. 

The positive phase of the southern oscillation which is associated with La Niña 

episode, occurs when abnormally low air pressure covers Indonesia while an anomaly 

high pressure prevails over either middle or eastern regions of tropical pacific or both. 

 Through its recurring redistributions of heat and atmospheric momentum in the 

Pacific Ocean, the influence of ENSO is felt as far as East Africa, in terms of rainfall 

variability. For instance in 2011 and 2013, East African region experienced serious 

food crisis that led to famine conditions including the Greater horn of Africa (Bahaga 

et al., 2019). Among the many factors that may have contributed to this kind of crisis, 

failed rains in both the boreal winter of 2010-2011 and boreal spring of 2011 played a 

significant role. Back to back failures of these rains were connected to the dominant 

La Niña conditions. In addition, regions of East Africa in recent times have witnessed 

a large boost in the number of below normal rainy days seasons, which may be linked 

to warm western pacific and Indian Ocean (Funk, 2013, Indeeje et al 2000).  

 In Kenya, the 2015 El Niño event was quite similar to 1997 in many ways even 

though it was superior. Most of the 2015 global models of El Niño indicated that, it 

reached its peak during the Northern Hemisphere winter season between November- 

February and persisted into spring season after which it transited to ENSO-neutral 

conditions by June 2016 (Opijah et al., 2015).  In June 2016 there was a strong La 

Nina event which was a negative phase of El Nino resulting into 2016-2017 droughts 

in the country (Uhe et al., 2017). 

Indian Ocean Dipole (IOD) is a large scale factor that is highly associated with 

rainfall variability in Eastern Africa. It is an ocean and atmosphere phenomenon in the 
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Equatorial Indian Ocean associated with mainly, the difference between sea surface 

temperature anomalies that arise in western Indian Ocean between 50⁰ E- 70⁰ E, 

10⁰ S-10⁰ S and Tropical South Eastern Indian Ocean between 90⁰ E- 110⁰ E, 10⁰ s-

0⁰  (Lu et al., 2018). The IOD is characterized by both positive and negative phases. 

The IOD positive is registered when the eastern part of Indian Ocean is warmer than 

normal while the western part of the Ocean is cooler than normal. The positive IOD is 

associated with rainfall in E. Africa (Merchant et al., 2006) while the negative phases 

are associated with droughts. Strong positive phases of IOD in East Africa were 

observed in 1961,1963, 1967, 1972, 1991, 1994 and 1997 while strong negative 

phases  were witnessed in 1954,1956, 1960, 1971, 1974, 1992, and 1996 (Bahaga et 

al., 2019, Owiti and Ogalo 2008). 

2.3.2.2. Effects of Inter-Tropical Convergence Zone (I .T.C.Z.) on Rainfall 

pattern in Kisii.   

The zonal arm of ITCZ crosses E. Africa twice a year. This results into warm moist 

air to be drawn into the low pressure zone as part of Hadley cell circulation. Hadley 

cell is a zonal mean meridional mass circulation in the atmosphere located between 30 

S and 30 N (Schmidt et al., 2017). It is usually characterized by equator ward mass 

transport by frequent trade wind flow in lower atmosphere, and pole ward mass 

transport in the upper atmosphere (Troposphere). The convergence of the northerly 

and south easterly trade winds from both the southern and northern hemisphere, form 

stagnant wind conditions better known as “doldrums” (Klocke et al 2017). ITCZ is 

the prime factor behind the bi-modal precipitation experienced in East African region, 

whereby long rains are experienced in the month of March till May, whereas short 

rains occur during the month of October cease in December (Ongoma et al., 2015). 

The first passage of the apparent movement of the sun takes place during the month of 
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March and it becomes overhead along equator at noon on 21st while the second 

passage occurs in September when it is overhead at equator again on 23rd (Nabil et al., 

2018).The authors have clearly provided both the local and large scale factors 

responsible for rainfall distribution in the world. This understanding is critical in 

rainfall trends and its repercussion on food security, which is the focus of this 

research. 

2.4 Climatic Factors Affecting Food Security. 

2.4.1 Droughts 

Droughts set in when a deficiency of precipitation occurs over a prolonged period of 

time leading to shortage of water in a locality (Wang et al., 2016). Droughts occur in 

different parts of the world affecting people in a number of ways that include crop 

failures leading to famine. Famine may lead to malnutrition and other health related 

issues. The consequences of droughts have been experienced at a wider range of 

geographical scales in N. America. It is estimated that the world witnessed about 642 

drought events from 1900 to 2013 (Masih et al., 2014). Drought is a very complex 

phenomenon that greatly varies in terms of its intensity, onset, cessation, duration and 

the area covered. Mega droughts have been reported in America and China. Dry and 

arid regions that increased significantly during the 20th century are attributable to the 

drying since 1970s and the trends are expected to continue increasing in the 21st 

century (Masih et al., 2014).  

 

In Sri Lanka, prolonged droughts have seriously reduced the quantity of food, 

whereby all crops and vegetation have been destroyed (FAO 2017). As a result of 

such drought, animals such as goats, cows and buffalos have struggled to meet their 

daily consumption needs. In the face of hunger, people in Sri Lanka have tried to 
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respond to food shortages in many ways. For instance some people have reduced the 

quantity of food intake, by dropping a number of meals they take per day while some 

people have replaced their preferred foods and switched to others during droughts 

(diet diversification).  

 

In Dikgale community located in Limpopo province of S Africa, Rankoana (2017) 

carried out research on the community’s sustainable subsistence farming practices. 

The study used qualitative study design method. Data was collected from the 

community by direct interaction with farmers, and information was obtained from 250 

participants comprising of 98 males and 152 females. The result was that, planting of 

seeds started when the first rain drops commenced whereby farmers could mix 

different seeds together and then sow them simultaneously. It was revealed that 

farmers used their native farming techniques such as sowing crops on different soil 

types, applied fertilizer, selected quality seeds and attended their crops in the field. On 

rainfall forecasting, farmers used their indigenous methods of weather forecasting as 

opposed to scientific weather forecasting. For instance they could study the behavior 

of some local tree species such as Acacia senegali and also observed celestial bodies 

to mark the start of a new season. However, if a bad season is predicted, then sowing 

of seeds was postponed until such time that rainfall shall have come in sufficient 

amounts before planting is commenced. 

 

Ethiopia experienced one of the worst droughts in recent decades in 2015 (Hirvonen 

et al., 2018). It is the second most populous countries in Africa with approximately 

94.3 million people and it has been cited as one of the food insecure countries 

(Mohammed 2017).The livelihood of the rural populace in Ethiopia depends on rain 
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fed agriculture (Lewis 2017) and therefore perennial food insecurity experienced in 

the country is strongly linked to severe recurrent droughts. For instance, the study that 

was done by Darkwa et al (2016) reveals a strong relationship between the production 

of beans and rainfall variability. 

 

In Tanzania, a study was carried out in Moshi rural district along the slopes of Mount 

Kilimanjaro, to explore the perceptions and reliability of local residents on weather 

forecasting by Chengula and Nyambo (2016). When the data was collected and 

analyzed, it revealed that local people use their own traditional methods of weather 

forecasting as opposed to modern and scientific method, by applying the use of 

locally available indicators such as plant phonological changes, birds and animal 

behavior, insects behaviors, amount of clouds, astronomical changes, religious and 

traditional calendar and finally myths and rainmakers.  

 

 About 80 % of the entire territory in Kenya is arid and semi arid and the periodical 

droughts that are experienced in many countries of the greater horn of Africa have 

become part of the climate system in Kenya which has put farmers and pastoralist in 

danger. The food insecurity witnessed in Kenya especially in 2011 is largely 

attributed to rainfall failure in the two consecutive seasons namely 2010 short rains 

and 2011 long rains (Bahaga et al., 2019, Winkler et al 2017, Cattani et al 2016). As 

from June 2016 onwards, there was a strong La Niña event evolving which led to 

2016 -2017 drought in the country (Uhe et al., 2017). Droughts in Kenya are caused 

by uneven temporal and spatial distribution of rainfall both within the year and 

between the years (Ayugi et al 2016).  
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Tropical rainfall systems are known to be quite unpredictable and highly erratic in 

amount and time. Droughts such as those that occurred in 1973, 1975, 1988, 1998, 

2010, 2011 and 2017 in Kenya were associated with the cold phases of La Niña (Uhe 

et al 2017, Ghebrezgabher et al 2016, Cattani et al 2016). In addition, Okal et al 

(2019) carried a research in Tana River basin using normalized vegetation index. 

From the study, droughts were traced in the basin as early as 1983 and since then they 

have become more common in the recent years with a return period of 2 to 3 years. 

This situation is not better than other parts of the country. For instance, in west Pokot 

County, drought has not only reduced drastically maize yields but also plummeted 

yields in sorghum and green grams. For many years, West Pokot has had droughts 

that impact negatively on food security. The best example is in 2011 and 2014 when 

farm yields went down due to drought (Lolemtum  et al., 2017). In 2013, Kisii 

Central, one of the sub counties in Kisii, lost about, Ksh. 5,731 per household in terms 

of cattle, goats, pigs and poultry due to droughts and floods (Gichere et al., 2013). 

2.4.2 Floods 

 Floods are overflows of a mass of water that overwhelm the surface of the land 

(Week and Wizor, 2020) and it is a disaster that is common in many countries whose 

destructive aspect is quite enormous. In Thailand, floods occurred in 2011 and grossly 

affected farms, industries and impacted negatively on the economy. For instance 

floods were estimated to have destroyed about 17,578 square kilometers of farmland, 

displaced about 2.5 million people and caused an overall economic damage and losses 

amounting to USD 46.5 billion (Haraguchhi and Upmanu,  2015). In Sri Lanka, heavy 

rainfall that pounded the country in 2017 caused floods and landslides in the southern 

western parts leading to food insecurity to approximately 900,000 people (FAO 

,2017). 
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In Bhadrachalam and Kukunoor Mandals in India, the consequences of the floods on 

agriculture were more felt in 2013 compared to other years. In this period heavy rains 

caused widespread damage and loss of homes including destruction field crops during 

July –August rains (Ramarkrishna, 2014). The second spell of heavy rainfall in 

August led to massive floods again that caused huge destruction in 30 villages and 

affected thousands of acres along the course of River Godavari. In this river, the 

volume of water rose rapidly from 43 ft on 8th August at 9.00 am to 60.5 ft by 8.00 

pm in the evening. This made the river to overflow and it broke its banks, hence 

causing havoc to adjacent agricultural fields along its flood plain. 

 

 In a study that was done in Mile 12 in Lagos in 2010, floods had drowned animals 

and swept crops in many farmlands. According to Olajuyigbe (2012) floods affected 

the communities living along the White Volta basin in the Tolon area in Kumbugu 

District of northern Ghana. The effect and damage of floods in the region was quite 

high because it affected about 2000 households whereby crops and farmlands were 

destroyed. 

 

 In Kenya, the stream flow in River Yala causes serious flooding conditions in its 

watershed. In Kisii, crop and animal losses during floods are attributable indirectly to 

climate change especially through the associated diseases and directly to the physical 

impact of floods on crops and animals. For instance, crop failure in Kisii central was 

estimated to be three times less than the expected harvest per household in 2013 

(Gichere et al., 2013). 
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2.4.3 Postharvest Losses 

 The term post harvest losses refer to the losses that occur after harvest until the 

produce reaches the consumer (Magray et al., 2017). The decrease of post harvest 

food losses is a very important component to ensure future global food security since 

more than one third of the food is wasted after harvesting (Kumar and Kalita 2017). In 

the Asian Pacific regions, the spoilage of fresh farm produce is mainly accelerated by 

the nature of hot and humid climatic conditions of the regions. For instance post 

harvest losses account for between 10-20% losses in Bangladesh (Majumder et al., 

2016). In Pakistan, a study done in Peshawar valley indicates that an estimated 20% 

of the total tomato crop harvested is lost after harvesting (Mujib et al., 2007). 

 In sub-Saharan Africa, postharvest losses reach 40 % of the total harvested cereals 

(Kumar and Kalita 2017). After harvests from the farm, the unusual rains may 

moisten the farm produce leading to mould growth (Mendezo et al., 2017). This is so 

because most of the developing countries depend on the weather for reducing 

moisture in the farm produce. If unfavorable weather condition blocks the reduction 

of moisture content in farm produce, then the postharvest losses increase. In addition, 

if a bad weather persists and the dampened grains are stored, then mycotoxin yielding 

moulds, like Aspersillus flavus may produce aflatoxin. Aflatoxin may cause health 

related problems in humans and animals (Chauhan 2017, Kumar and Kalita 2017). In 

Swaziland, about 16.6 % of the harvested maize was lost due to damp conditions 

(Rembold et al., 2011).   

 

 Post harvest losses have been reported in Dodoma and Manyara regions in Tanzania. 

In these regions, farmers incur losses during pre and post harvest handling operations. 

Such losses are caused by many factors that include wet conditions during and after 
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harvests (Abass et al., 2013). Even though important variations do exist in the 

quantities of the food lost in the field and during storage, it is projected that farmers 

loose 25% to 40% of the food, before final marketing or consumption. In Kenya 

climate change and variability contributes greatly to post harvest related losses. It is 

estimated that during maize production, 12% to 20% is lost after harvesting has been 

done (Onyango and Kevin, 2017). To lower the huge amount of postharvest losses 

many in the rift valley region of Kenya apply the use chemical insecticides (Peter et al 

2019).  The writers have only looked at the frequency of droughts, floods, and the role 

of postharvest losses but have not focused on actual influence in food security over 

time. This is the main focus of this study. 

2.5. Effects of Climate Change on Food security. 

 Climate change and variability cause a decline in crop production (Afful 2016) and 

both developed and developing countries are being hit at an alarming rate not only in 

terms of global food, but also in energy crisis. However, the greatest impact is being 

felt in poorer developing states, where it is estimated that a global warming upsurge 

of average temperature of 2.5° C may lead to a reduction of per capita income of 

1.3%. (Richard 2018). 

 

In central Asia, weather elements were analyzed for a period of 20 years in the 

provinces of Kaskhastan, Krygystan and Uzbekistan. It was found that an upward 

trend of precipitation from the normal mean values was positively related to higher 

yields throughout the year, except for spring when it was observed that excessive 

precipitation led to lower yields. The lower yield was brought when planting of crops 

and field operations were retarded while widespread flooding caused favorable 

conditions for the development of plant diseases like yellow rust (Mirzabaev, 2013). 
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In response to weather shocks, there have been institutional and technical shifts to 

increase adaptation capacities in the region. For instance agriculture has been 

privatized, price fluctuation of farm input and market prices have been stabilized apart 

from maintaining open cross border trade in agricultural commodities. 

 

In Africa climate change and its manifestation is very rife in Northern parts of Ghana. 

In this area, communities that never experienced double tragedy in terms of droughts 

and floods between seasons are now witnessing the effects of climate variability. As 

result of this, most households who depend on agriculture for their livelihood have 

now become food insecure. Food security in Ghana is now much more difficult to 

achieve than any other time before, under climate change regimes as vulnerability to 

droughts and floods continue to increase (Marza et al., 2015).  Climate change is 

projected to have far reaching effect in Ghana for the next few decades (Dinko, 2017). 

Elsewhere the situation is not any better, since about two thirds of sub-Saharan Africa 

also depends entirely on agricultural activities, where women account for over 60% of 

the farm workforce (Lopez et al., 2016). Climate change affects agriculture, leading to 

water shortage, increased livestock and human diseases. Climate change mainly 

affects different dimensions of food security like its availability, stability, accessibility 

and utilization (Patel et al., 2012). If temperature increases by over 3°C, it will lead to 

reduced agricultural production and subsequently rise in food prices by approximately 

up to 40%. The distribution of marine fisheries is also influenced by temperature 

increase. It is estimated that by 2030 food production should increase by 50% to level 

up with the demands in urban population. This may not be achieved since climate 

change is projected to cause a decrease between 1-7 % by 2060. (Patel et al., 2012). 
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In the Southern Tigray of Northern Ethiopia, rainfall and crop production was 

analyzed for a period of 13 years (2000-2012). In this study that was done by Abrha  

(2015), they found out that, there was a large annual and inter annual fluctuations in 

rainfall and crop production in Tigray region. For instance they found out that maize 

production was the most fluctuating crop in production followed by wheat and Barley. 

In precipitation, Belg rainfall starts about first week of April and lasts for a period of 

27 days hence giving famers a very short growing season while Kremt rainfall has an 

onset of first June, lasts until first week September. Averagely in the two growing 

season, Kremt had a lower standard deviation of 10 days while Belg rainfall had a 

higher standard deviation 13 days. When Mann Kendall trend test was conducted on 

annual and Kremt rainfall, it was found out that, there was a decrease of averagely 2 

days in every year in the last two decades. Episodes of drought’s different degrees of 

severity and duration have been noted in the semi arid region of Northern Ethiopia 

(Yimer, 2015). Generally in some parts of Ethiopia such as the northern parts, face 

food insecurity in a ratio of 1-4 people due to reduction in precipitation and a rise in 

temperature (Sisha, 2020). 

 

 Indirectly climate change creates a very serious threat to human health through heat 

related deaths and the changing patterns of infectious diseases which may end up 

causing mortality and morbidity hence affect labour. Even though climate alteration 

does not generate novel health problems, it may exacerbate health issues in Kenya and 

in many other countries. The economic costs of malnutrition are not only quite high 

but also substantial, they can cost about 10 % of an individual life time earnings and 

may lead to GDP decline between 2-3 % on average (Ecker, 2012). 
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 A direct consequence of climate is felt in terms of increased frequency of harshness 

of excessive events mainly floods and droughts that lead to crop failure (Nelson 2009; 

Patel et al., 2012). Reduced crop yields, degradation or desertification, disruption of 

food supply chains and finally increased costs of distributing food leads to food 

insecurity (Agwu et al., 2011; Nelson 2009; Patel et al., 2012). The rising temperature 

leads to increased evapo-transpiration which in turn reduces soil moisture. Less soil 

moisture in the soil adversely affects crops. Climate change also affects human health 

through heat stress. In places that are near the sea, sea level rises can threaten food 

systems. For instance, coastal floods occasioned by the rising of the sea level, cause 

loss of cultivable land due to inundation and salinization of soil and water resources. 

Along the lower river Tana in Kenya year after year, rainfall variability is a 

significant impediment to the establishment and sustainability of rain fed agriculture. 

Whereas Tana River region produces huge quantities of cassava and Mangoes per unit 

area in normal weather situations (Makenzi et al.,2013), studies have indicated the 

presence of a significant connection amid crop yields and seasonal rainfall in other 

crops such as Maize, Green grams and rice whereby they perform poorly during dry 

seasons. The authors have only examined the effect of climate change over a time 

frame of less than 20 years while this study considers rainfall over 32 years. 

2.6. Food Security 

 The key dimensions of food security include physical availability and accessibility, 

adequate utilization of the food by the human body, being nutritious and good dietary 

quality which is safe for human consumption. Food plays a critical role in the 

development of a human body; hence it is taken as a right even though billions of 

people in the world are facing food insecurity that may be including other aspects 

such under nutrition (Smith et al., 2018, FAO, 2017). Food insecurity points to a 
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situation, where an economic and social condition at a household level is a limiting 

factor to accessing adequate food (Murthy, 2016). Food insecurity afflicts 

communities in many parts of the world and the rising food prices in the last few 

years are set to be more volatile. For instance, across 134 countries in the world, it is 

estimated that, about 10.8% of the population in high income countries were food 

insecure whereby 3.1% were under severe food insecurity while in low income 

countries the situation was worse whereby 56.5% were food insecure out of which 

29.5% had severe food insecurity (Escumilla, 2017). World population is expected to 

increase and reach just about 9 billion mark by the year 2050 from the current 7 

billion. In addition, it is also expectated that, by the year the year 2080, the farm 

production rates in less developed countries would decline by 20% as result of climate 

change. This is projected to happen even though by that time there will be a high 

demand for food (Beddington , 2010). Therefore this high demand will require a 

robust approach to food security that includes food engineering and emerging 

agricultural food crop technologies to contain the food demand in Africa. 

 

 A study done by Ahmadi et al (2017) in Canada, investigated the health eating, 

knowledge on best food eating habits, body mass index status, sex, education and 

household income among the Anglophone and Francophone residents. Data was 

obtained from the Canadian food guide, Canadian community health survey and 

Rapid Response group. When data was analyzed, it revealed that among the 

Anglophone, men were more obese at 23.9% while women were obese at 22.3%. In 

terms of weight, men were overweight at 40.2% while women were overweight at 

27.8%. The study further shows that, women were more underweight at 3.6% 
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compared to men at 2.7%. Lastly on normal weight, men were normal at 33.2 while 

women were at 30.2%. 

 

In Bangladesh, a study done by Leidman et al (2020) investigated dietetic status of 

children between the ages of 6-59 months. The aim of their research was to find out 

the dietary status of the children in informal settlement of Cox’s Bazar District. The 

study used cross sectional cluster survey. It collected data by using anthropometric 

indices which were mainly height, weight and mid upper arm circumference. After the 

analysis of the result, the study revealed that majority of the children in the informal 

settlement was found to be safe and higher than WHO thresholds.  

In Africa about 256 million people suffered from food insecurity in 2017-2018 as a 

result of collapse in crop yields, livestock deaths and absence of water as result of 

climatic changes. This was an increment of 44 million people compared to 2014 

scenario (FAO 2020a). Food inaccessibility has been increasing in Africa and yet 

most of the African states are not on track to stamp out hunger by 2030. Most of the 

food insecure states are spread across Africa in 28 countries such as Ethiopia, 

Northern Nigeria, Somalia and Kenya among others (World Bank, 2017). 

 Food shortage can either be long term or temporary and it is usually associated with 

the poverty of the people affected. There is a strong relationship between hunger, 

poverty and diseases (Romo, 2016).  Both are caused by lack of sustainable food 

availability. Hunger reduces the body’s immunity to diseases while people living in 

poverty, are not able to produce or acquire enough food for their dietary needs, hence 

they become susceptible to diseases.  Food shortages witnessed in Kenya in 2016-

2017 are attributable to among other factors, drought conditions during the La Niña 

(Uhe et al., 2017).  In Makueni County, residents felt that they were food insecure at 
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50.3% while 21.8% felt that they were secure (Nyale et al., 2019). Food insecurity in 

Makueni County has been attributed to poor rains and insect pests that attack the food 

crops. Food deficits in the county have been perennial phenomena for some time. For 

instance, Wambua (2013) revealed that the low enrollment in primary schools was as 

a result of food insecurity whereby, a big amount of family resources were being 

channeled to purchase food stuffs instead of being spent in education. In Bungoma 

county, residents who felt food insecure devised several methods of plummeting the 

impact of food deficit by lowering the number of  food served per day, offering labor 

for cash or food, borrow money to purchase food, selling assets while others bought 

food on credit (Wabwoba,2016). The Authors have highlighted the projection of high 

demand for food in 2050 and 2080s whereby population will increase to 

approximately 9 billion people .This study focuses on how the increased population 

will access sufficient food in the changing climate. 

2.7. Research Studies in Kisii County 

There have been a few studies on food scarcity in Kisii County. For example, Kumba 

et al (2015) investigated the effect of agricultural land use on house hold food 

availability in Kisii central. Their research revealed that nippier grass and natural 

grass had a high impact on house hold food security compared to crops and fruits. 

However, their study only focused on the influence of agricultural land use and land 

cover while rainfall and temperature were not considered. 

 Masese et al (2016) investigated the weather shocks and how they affect farming 

practices in Kisii central. The study used descriptive survey together with qualitative 

research design.  The sample size used was 118 households who were randomly 

sampled and a questionnaire was applied to gather information. When data was 

obtained and analyzed, the result showed that, 56.8% were males while 43.6% were 
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females. On education 63.6% had secondary education, 17.8% had college education, 

and 16.1% had primary level while 2.5% had no formal education. On climate 

change, the study examined rainfall from 1994 to 2010 while temperature was 

examined from 2007 to 2011. The study revealed that rainfall had varied in 1994 to 

2011 but had no significant trend. On temperature, the study showed that, the mean 

temperature for January was 21.8ºC, December 21ºC and July 19.7 ºC for a period of 

5years. Like the earlier researcher this research did not examine the effect of climate 

change on food security which is our main objective. 

 Ombuki (2018) mounted a study in the county on possible factors influencing the 

production of maize. Their study applied cross sectional research design and data was 

collected immediately after harvesting in March 2018. The aims of the research were 

to examine factors affecting the production of maize in Kisii County. Random 

sampling was used to identify 10 wards out the 45 wards. A questionnaire was used to 

collect data. After analyzing the obtained data, several factors were revealed as 

influencing the production of maize. They included age of the farmer, the experience 

of the farmer, visits from extension officers and adoption of high yielding maize 

varieties as well as the total acreage of land under maize farming.  This study has not 

looked at climate variability therefore a gap which our study will endeavor to fill. 

Gender dynamics in participatory fish farming towards a sustainable community 

Development was another study that was mounted by Ongaro (2018). The objectives 

of the study were; to evaluate gender dynamics in achieving food security, to find 

ways of capacity building in women in fish farming and lastly investigate ways to 

monitor, evaluate and respond to participatory fish farming. The research applied 

descriptive method involving qualitative and quantitative approach. It used a sample 

size of 160 participants. Purposive cluster sampling method was used to select 
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respondents. After the analysis of the result, the study revealed that, out of the 160 

participants 72 were male while 88 were females. Finally the study concluded that, 

fish farming was an alternative source of protein during climate alteration. This study 

did not examine the effect of climate variability on food security hence a gap that our 

study will fill. 

Lastly Wamalwa et al (2016) carried studies in Kisii County whereby they examined 

how perception of climate change affects farming activities and also how the same 

perception influences the adoption of climate smart agriculture among the small scale 

farmers in Kisii County. They found out that farmers were recognizing climate 

change problem that was characterized by rising temperature, changing rainfall 

patterns and the presence of new pests and diseases. Wamalwa et al (2016) did not 

consider the extent of the influence of rainfall variability on production of food in the 

county, therefore in conclusion, this study focuses on characterization of precipitation, 

temperature and further analysis of climate variability which is its principal objective, 

will give a vital stride in giving a good starting point for the understanding of the 

repercussions of climatic elements that exert greater influence on the availability food 

security in Kenya, more so in Kisii County. 

2.8. Conceptual Framework 

 To have a clear view of the relationship between climate change and food security, 

this research relied on the conceptual framework presented in figure 2.1 below. A 

conceptual frame work simplifies the path taken by a research and places it within the 

theoretical constructs in a research field (Adom et al., 2018). The conceptual 

framework below relies on Agro-Ecological Zone model (AEZM) as used in Edame 

et al., (2011). AEZM is a model that refers to division of land into small units that 

have same characteristics in terms of suitability and potentiality. Similar 
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characteristics include; climate, landscape and soil. In figure2.1 below the dependent 

variables are quantity of harvested beans, maize, sweet potatoes and bananas while 

independent variables are commencement and cessation of rainfall, minimum and 

maximum temperature. Food security will be achieved if the following indicators are 

significantly reduced; large amounts of postharvest losses and high prices of beans 

and maize. The foregoing outcomes will be reduced, if the climatic factors that affect 

food security such as commencement and cessation of rainfall and temperature are 

carefully considered in farming activities. However the intervening variables such as 

cultural land tenure, fake seeds and fertilizer, declining land fertility and maize lethal 

necrosis were beyond the control of this study. 

 

Independent Variables      Dependent Variables 

 

 

 

 

 

 

 

 

 

 

Intervening variables. 

Figure 2. 1. Conceptual framework of climatic factors, dependent and  
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CHAPTER THREE 

RESEARCH METHODOLOGY 

3.1 Introduction 

This chapter has the following sections; study site, study population, research design, 

sampling strategy, data collection, validity and reliability of data collection 

instruments, ethical considerations, assumptions, limitation, data presentation and 

analysis. 

3.2 Study Site 

Kisii county is comprised of Marani, Kisii South, Gucha South, Kenyenya, 

Bomachoge Cha chache, Nyamache, Kisii central, Sameta, and Masaba South,The 

study was carried out in Marani and Bomachoge Chache sub counties. Marani and 

Bomachoge chache were purposively targeted because they had the largest number of 

food security programs (KCG 2013). Kisii County borders Narok to the south, 

Nyamira County to the East, Homabay County to the North and Migori County to the 

West. The altitude of the County ranges between 1500m -1800 m above sea level. It 

experiences double maxima rainfall during MAM and OND. It has an average annual 

rainfall of about 1500mm per year. The County is located along latitude 0°41’S and 

Longitude 34°36’E. 

 Kisii County has a population of 1,266,860 and 304,054 households (KNBS 2019). 

The county population consists of 605,784 males, 661, 038 females and 38intersex. 

Kisii Couny has a total surface area of 2542 km2 and the density its populace is 958 

inhabitants per km² (KNBS 2019). It has a high agricultural potential area and its 

economic activities include subsistence farming, dairy farming, small scale tea and 

coffee farming. In 2012, the county received both long and short rains which were 

above LTM leading to flooding that destroyed the production of beans (MOA, 2013). 
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Kisii County has food poverty percentage of 60% and it is majorly affected by 

droughts and floods (KCG, 2013). Even though Kisii County has a high economic 

potential, about 44.5% of its population live below poverty line (KCG, 2018). 

 Figure 3.1. A map of Kisii County showing Constituencies  

Source: IEBC, (2007)  

3.3 Study  Population 

 The study focused on trends in rainfall and temperature, production trends of food 

crops and farmer’s coping strategies in Kisii County. The study population was 

composed of Kenya meteorological officers, agricultural officers designated in food 

crops sections and farmers at household level.   
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3.4 Research Design 

The study adopted ex post facto research design as it is used in Eshetu and Tessema 

(2017), Vasanthi and Sudheendra  (2018) and Chouhan et al (2018). Ex post facto 

research design was adopted because it allows the researcher to conduct an 

investigation after variations in the independent variable have occurred (Kpolovie 

2016). In this research design, all independent variables remain as such.  

3.5 Sampling Technique 

 Purposive sampling technique was applied to identify agricultural officers in the 

County office and at sub County level. This technique permits a researcher to make 

use of cases possessing the required information (Tongco , 2006; Mugenda, 2008). 

Multistage cluster sampling was applied household level to select farmers. This 

technique allows a researcher room to split the study area into various levels 

(Taherdoost, 2016a). The researcher divided into two locations Bomachoge Chache 

and Marani. The number of household respondents was determined by Godden’s 2004 

formula (Godden 2004) 

 SS=z²x (p) x (1-p)/c² 

Where,  

SS=Sample size 

Z=Z value A (1.96 for 95 % confidence) 

P=The proportion of farmers picking a choice estimated to be having a 

characteristic of 0.7 (assumed) of farmers. 

     C= Confidence interval expressed as a decimal (e.g 0.05=+/-5 percentage point).         

 Calculation; SS=1.96²x0.7x0.3/0.0025=323. The study had 161 farmers from Marani 

and 162 from Bomachoge Chache. 
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3.6 Validity and Reliability of Instrument  

 According to Taherdoost (2016b) Validity is the level to which an instrument 

measures what is intended to measure. The research questionnaire was availed to the 

research supervisor to evaluate its accuracy and adequacy. 

Reliability is the extent a tool yields the similar outcomes on several trials (Mugenda 

,2008). For accuracy purposes, the research questionnaire was pretested in the 

neighboring Homabay County in terms of consistence, so as to produce accurate 

response as per objective three. The formula for testing instruments to prove their 

reliability was 1951 Cronbach’s Coefficient Alpha. Cronbach’s alpha is used to 

determine a test’s internal consistency and it is usually expressed as a digit between 0 

and 1, with values closer to 1 indicating very good consistency (Tavakol and Reg,  

2011). In this research the cronbach’s coefficient was computed using five items that 

had five choices and yielded a coefficient Alpha of 0.920. Since the research 

instrument yielded an alpha value of more than 0.70, then the instruments had met the 

recommended threshold. 

  3.7 Ethical Consideration 

The data that was collected was very sensitive because it touched on people’s 

livelihood; therefore the information gained was kept under confidential cover and 

used for the purposes of this research only. In addition, before respondents and 

informants divulged any information, their consent was sought first. Lastly before the 

commencement of the field work, the researcher had been granted an official 

permission from Masaai Mara University, NACOSTI (Appendix 6) and finally from 

Kisii County Education office (Appendix 5).   

 3.8. Data Analysis and Presentation 

Data was analyzed as per the specific objectives of the study:  
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3.8.1 Study Objective One 

The duration of 31 years was taken because it is above the minimum threshold that is 

required for the observation of average weather conditions of a place in order to 

determine its climate. Rainfall and temperature data (only available up to 2013) was 

analyzed from two weather stations in Kisii County. The measurable variables were, 

rainfall totals, minimum temperature and maximum temperatures. The annual average 

readings were computed and then subjected to Mann Kendall test analysis using the 

following formula: 

          Sign (Tj─Ti)        = 1 if (Tj─Ti) ˃0 

        = 0 if Tj─Ti) =0 

        = -1 if Tj─Ti) ˂0   

Where Tj and Ti are derived annual temperature or rainfall values in years j and i 

given in a chronological order. 

 The above formula was used to calculate statistic value (S) and the probability value 

Z. A positive value S indicates an increasing trend, a negative S value shows a 

decreasing trend, while a zero value denotes no trend (Ahmadi et al., 2015). Also the 

probability value associated with value S and the sample size value was computed in 

order to quantify the significance of the trend observed.   

3.9.2 Study Objective Two  

In this study objective two, the average mean of maize, beans, sweet potatoes and 

bananas was first computed to show variance in production and then a comparative 

line graph was generated to show production trends of each commodity. In addition, 

the mean of the prices of beans and maize was also computed to show variance in 

price and then a comparative line graph was also generated to show production trends 

of each commodity.    
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3.9.3 Study Objective Three  

In this objective, Chi-square formula was applied to establish whether the observed 

variation in coping strategies was statistically significant at 95 % confidence level. 

X²= (O-E) ²/E² 

 Where, 

X2 = Value of chi-square. 

O= Number of people buying food from nearby markets or number of people getting 

assistance from relatives and other donor agencies. 

E= The average of the number of people buying food from nearby markets and those 

receiving assistance from  relatives and other donor agencies subtracted from the 

observed value. 

From the formula, the p value from the chi square score would be significant if it is 

less than the 0.05 whereas if it would be greater than 0.05 then the variance observed 

would not be significant.  
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

4.1 Introduction. 

 This chapter has the following sections; Gender distribution of respondents, Kisii 

county precipitation and temperature, production trends in beans, maize, sweet 

potatoes and bananas in Marani and Bomachoge chache Sub Counties, coping 

strategies, adaptation techniques and summary of the result. 

4.2 Socio–Demographic Information of the Respondents.  

 Respondents were asked to state their gender and figure 4.1 below gives the gender 

summary of those interviewed. The figure shows a great number of respondents were 

female at 78.5% while men were at 21.5%. In traditional African society, men are 

often out of their homes working for the family or are in towns where they formally 

employed. This corroborates with (Lopez et al., 2016, Rankoana 2017) findings that 

in Africa and other areas, men dominate informal and formal employments that 

require higher skills compared to women who form a greater proportion of the 

agricultural production in farms and other labour intensive undertakings that are 

sometimes lowly remunerated. The computed X²=117.22, df =1, p=0. 00001 implied a 

significant difference between the number of males and female respondents. 
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Figure 4.1Showing Gender Distribution of Respondents. 

Source: Author 

4.2.2 Age of the Respondents. 

 The respondents were further asked to indicate their age in years and figure 4.2 

shows their age sets. From the figure, majority of the farmers were aged between 38-

47 years. This may be attributed to the fact that at this age, most of them have the 

responsibility of fending for their families either through manual jobs, or through 

farm activities. This finding agree with Lopez et al (2016) that energetic members of 

the community  who mainly supply labor to farms are those who are between the ages 

of 30 and 45 years, hence this group should be targeted for food security programmes. 

The computed X²= 64.8 df =4, p=0.00001 was statistically significant. 
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  Figure 4.2 Showing age Distribution of Respondents. 

Source: Author 

 4.2.3 Education Level of Respondents 

 Figure 4.3 below shows the educational level of respondents. From the figure, 

majority of the farmers at 67% had secondary education level; primary education 

level was at 22% while college level was at 11%. A good number of the farmers were 

those who had attained secondary education. Similar findings were also observed by 

Masese et al (2016) that most farmers had completed secondary level of education. 

The computed X²= 250.2 df =1 p=0.00001 hence statistically significant.                 
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Table 4.3. Education level of Respondents 

 

                                            Source: Author 

Figure 4.3 Showing Educational Level of Respondents. 

4.3. Changes in Precipitation in Kisii County. 

Figure 4.4. Below, shows the average precipitation of Karlo weather station and Kisii 

coffee substation from 1983 to 2013. The p value computed using Mann Kendall test 

was 0.590 (p˃0.05). There was a trend in average precipitation in the two weather 

stations but not statistically significant. This corroborate the findings of Gebrechorkos  

(2019) and Indeje et al (2000) that some regions in Kenya, Ethiopia and Tanzania do 

not have clear patterns of precipitation indices as result of rainfall variability largely 

brought about by local factors and not by large scale factors.  
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Figure 4.4 showing average precipitation of two weather stations. 

Source: Author. 

4.4 Kisii Average Minimum and Maximum Temperature Trend Time Series 

Figure 4.5 below shows Kisii average minimum and maximum temperatures trend 

series.  From the figure, the mean temperatures have been rising in Karlo weather 

station. The computed Mann Kendall p value of 0.001 (p˂0.05) reveals that 

temperatures are rising over Kisii at a significant pace, since the p value is not greater 

than alpha level of 0.05. This finding can be associated with much more wider range 

of factors that are not limited to global warming (Funk et al 2008) and land use cover 

change (Otieno  2013). Elsewhere similar findings were found by Syed (2016) that 

temperature in Bangladesh showed an upward trend between 1978 -2007.   
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Figure 4.5 showing Kisii average Temperature Variation. 

Source: Author. 

4.5 Perception of Rainfall Reliability 

Respondents were asked to show whether, the commencement of precipitation has 

been predictable in Kisii County within the last three years and table 4.1 below shows 

their  response. From the table 81% of the respondents strongly disagreed that 

precipitation commence as expected, whereas 19% agreed that that the 

commencement of rainfall is reliable. The computed X²= 138.6 df =1 p=0.00001 was   

statistically significant. This shows that, a good number of the respondents have lost 

hope in sowing before the commencement of rains and therefore preferred to wait 

until they receive the first rain drops before planting.                               
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Table.4.1.Perception in Rainfall Reliability 

Response No. of Respondents. % 

Strongly agree 0 0 

Agree 62 19 

No opinion 0 0 

Disagree 0 0 

Strongly Disagree 261 81 

Total 323 100 

Source: Author. 

 4.6 Food Production Trends in Marani Sub-County. 

4.6.1. Beans and Maize. 

Figure 4.6 below shows beans and maize production as from 2009 to 2015. From the 

figures the lowest quantity harvested for maize was in 2009 whereas the largest 

quantity was in 2013. In addition, the highest quantity of beans was in 2012 while the 

lowest quantity was in 2013. The good harvest in 2013 for maize could be associated 

to the favourable conditions that prevailed during that year, even though the rainfall 

anomalies were dropping. However dismal yield of maize in 2014 can be associated 

with below normal rainfall during the year. On the other hand, a low yield of beans in 

2013 is attributable to climate stresses linked to back to back failures in both boreal 

spring and boreal winter of 2012. (Ongoma et al., 2015).      

 4.6.2. Production Trends for Sweet Potatoes and Bananas. 

 Figure 4.6 shows bananas yields in 2009 and 2015.The smallest quantity produced 

was captured in 2009 whereas the highest was in 2011. From the assessment of the 

amount of rainfall received the years, 2009 amount of precipitation was less than the 

long term mean (LTM) whereas 2011 annual rainfall amount received was higher. 



 
 

46 
 

This explains the discrepancy in yields considering that bananas may take eighteen 

months to fully develop, fruit and ripen (Tuo et al., 2016). Even though 2011 was one 

of the worst years in Kenya, seemingly bananas were not affected, may be due to the 

previous year’s precipitation experienced in Kenya.  

In the production of sweet potatoes, the lowest quantity produced was in 2013, 

whereas the highest was in 2015. The study attributed the low production to severe 

drought in 2012 that extended to 2013 (Funk, 2013). Even though 2015 was normal at 

the beginning, it later shifted to El Nino conditions towards its end. This explains the 

high performance in potatoes production in those years.    

 

Figure 4.6 Showing Production trends for Maize, Beans, Banana and Sweet 

Potato in Marani Sub-County. 

Source: Author. 

4.6.3 Maize and Beans Prices   

Figure 4.7 below shows the production trends of beans and maize prices in 2010 and 

2015. From the figures within the last three years, the lowest price for maize was in 

2015 while the lowest for beans was in 2014. The study associated the highest 

increase in price, both beans and maize to back to back dry conditions in 2011 and 

2013 which may have led to a dismal harvest (Bahaga et al., 2019). The poor harvest 
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led to a rise in demand for the available little stock, triggering a price hike.  However, 

since 2015 was an El Niño year and precipitation was favourable, there was sufficient 

food harvested and the demand of maize and beans eased leading to the eventual price 

decline. 

 

Figure 4.7 Showing trends in the prices of Beans and Maize in Marani Sub 

County. 

Source; Author. 

4.7. Food Crop Production in Bomachoge Chache Sub – County 

4.7.1 Maize and Beans. 

 Figure 4.8 below shows the production of beans and maize in Bomachoge Chache 

between 2006 to 2015. From the figure, the biggest decrease in harvest of beans and 

maize was realized in 2012.This is attributable to climatic stresses connected to back 

to back failures in boreal spring and the boreal winter  experienced in 2011 and 2012 

(Uhe et al., 2017, Funk et al  2013, Ongoma et al., 2015). The highest maize 

production was recorded in 2006 and 2009 whereas the biggest increment in beans 

yield was realized in 2013.The good production in 2006 can be linked to the 2005 El 

Niño condition that spilt over to 2006, stretching to the long rains experienced in 
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March to May. The year 2009 experienced La Niña event as evidenced with the 

reduction of annual mean precipitation amount captured in 2009. Conspicuously, 

maize production in Bomachoge - Chache is on downward production trend whereas 

yield in beans was on upward production trend. We associated this, to may be 

precipitation in Bomachoge - Chache was on decreasing trend which adversely 

affected the production of maize whereas beans were not affected because they take 

shorter duration depending on type or variety and also require fewer other nutrients 

since they are able to fix some others on their own (Fenta et al., 2019, Wiraguna 

2016).  

4.7.2. Bananas and Sweet potatoes.   

Figure 4.8 below shows bananas and sweet potatoes production trends between 2009 

to 2015. The highest drop in sweet potatoes and Bananas production was in 2012. 

Similarly this decline can be associated with consecutive dry conditions in 2011 and 

2012 (Uhe et al., 2017, Ongoma et al., 2015). A good bananas production was 

captured in 2014 and 2015.This production can be linked to enhanced precipitation 

that commenced in 2013 evolving into a positive ENSO event in the last months of 

2015. Generally Bananas yield in Bomachoge - chache has not been affected even 

though temperature had risen. Similar results were found by Ochieng (2016) that as 

climate variability and change, affects agricultural output, its effect vary from one 

crop to another. For instance, temperature may have adverse effects on crops such as 

maize, while other crops such as tea may have a positive one. In sweet potatoes, the 

highest production was in 2013.This high harvest can likewise be linked to the 

evolving positive ENSO event that year.   
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Figure 4.8 Showing Production trends in maize, beans, Banana and Sweet Potato 

production in Bomachoge Chache Sub County. 

Source: Author. 

4.7.3. Beans and Maize Price Trends. 

 Figure 4.9 shows the prices of maize and beans from 2006 to 2015 in Bomachoge - 

Chache. From the figure, the peak increase in the price of maize was in 2013 and 

2014 while the lowest decrease in price of maize was in 2009. For beans the highest 

price was recorded in 2015 whereas the lowest price   was captured in 2009 and in 

2010. The price of beans and maize has steadily been rising since 2009 while it is 

quite explicable that, the price of maize has been rising, a fact that can be linked to the 

reduction in maize production all through the years, contrary the study discovered 

that, as the production of beans increased, also the demand for beans rose. The study 

attributed this scenario to situation where people may have replaced maize with rice 

hence the requirement for beans as an accompaniment enhanced its demand.    
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Figure 4.9 showing price trends in Beans and Maize  in Bomachoge Chache. 

Source: Author. 

4.8. Size of Maize Farm. 

Farmers were asked to indicate the size of their maize farm and figure 4.10 below 

shows the findings. Majority of the farmers at 54% had Maize farm sizes below one 

acre, followed by 33% who had farms ranging between 1 to 2 acres ,  8% had 3 acres,  

4% had 4 acres while 1% had a maize farm of more than 5 acres. The high number of 

maize farms that are below one acre may be attributed to competition from other 

sectors such cash crops and also demand for room for housing. 

 

Figure 4.10 Showing sizes of maize farms.  

Source :Author. 
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4.9. Fertilizer Application 

Figure 4.11 below shows the application of fertilizers during maize growing. From the 

figure, majority of the farmers at 92% use fertilizer when planting maize seeds while 

only 8% do not use fertilizer. The study attributed this scenario where a large 

proportion of farmers use fertilizer in their maize farming may to due sensitization 

given by nearby extension officer from ministry of agriculture. 

 

Figure 4.11 showing fertilizer use. 

Source: Author. 

 

4.10. Quantity of Maize Production per Season. 

Farmers were asked to estimate the production of maize per an acre and figure 4.12 

shows the result. From the figure, majority of the farmers at 43% produce 4 bags, 

32% produce 5bags and 13% produce 3bags while 3% produce less than 2bags per an 

acre in one season. The high number of farmers producing 4 bags of maize preseason 

is attributable to the fact that majority of farmers in Kenya rely on rain fed agriculture 

that is prone to weather vagaries (Uhe et al., 2017).   
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Figure 4.12 showing the production of maize Yields per season. 

Source Author. 

4.11. Preservation of Maize. 

The interviewed farmers were asked to state whether they applied preservation 

measures after harvesting their maize and figure 4.13 shows the findings. Majority of 

the farmers at 82% indicated that they apply preservation methods while 14% do not 

apply any preservation technique as 4% give no opinion. The high numbers of farmers 

preserving their maize after harvest can be attributed to the fact that majority of the 

farmers are aware of methods of reducing some postharvest losses through the use of 

chemical insecticides (Peter et al 2019). 
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Figure 4.13 showing the preservation of Maize.  

Source : Author. 

4.12. Quantity of Food Harvested in the last 12 Months. 

The interviewed   farmers in Kisii County were also asked to state whether they had 

harvested enough food within the last 12 months of 2016. Table 4.2 shows their 

response; only 8.6 % of the interviewed agreed that the realized quantity sufficient to 

enable go through to another season whereas 91.4% of the respondents strongly 

disagreed that the harvested quantity was sufficient to sustain them all the way the 

next harvesting season. This finding is backed up by X²= 248.6 df =1 p=0.00001. 

Similar results had been revealed by the African Women Centre (2014) who stated 

that Kisii County is not a food secure region due to urbanization and higher 

population density. Similar findings were revealed in Ethiopia by Sisha (2020) that a 

large proportion of households in a ratio of 1:4 were uncertain to obtain family food   

throughout the year.        
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Table 4.2 Showing the Quantity of Food harvested in the last 12 Months. 

 

 

Source: Author 
 

4.13. Food Security Coping Strategies. 

 Respondents were also asked on how they were bridging the gap on food shortages. 

Our findings shown in table 4.3 indicate that majority of those interviewed at 89.5%, 

purchased food from markets that may have been imported from other areas as 8.5% 

reached out to relatives for assistance whereas 2% depend on relief or donated food. 

Since most of those interviewed indicated that they bought food from nearby markets, 

they were further probed on the source of the funds that they use to purchase food 

stuffs and findings were as shown in table 4.4 below. Most of the respondents at 

24.8% placed on sale some of their non food crops to access money for needed food 

stuffs whereas some of the residents at 23.1% turned to selling their property, a 

situation that placed them more in a vicious cycle of poverty. Similar revelations have 

been witnessed in Bungoma County (Wabwoba et al., 2016).   

                                    

                     

Response No. of Respondents. % 

Strongly Agree 0 0 

Agree 28 8.6 

No opinion 0 0 

Disagree 0 0 

Strongly Disagree 295 91.4 

Total 323 100 
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    Table 4.3 Showing Food Security Coping Strategies 

 

Source: Author. 

Table 4.4 showing source of funding during food shortages 

Source ;Author. 

 No. of 

Respondents. 

% 

Coping strategy Buying from 

nearby Markets 

289 89.5 

Food dependency 

from relatives 

27 8.5 

Relief food from 

government and 

other agencies 

7 2 

 Total 323 100 

 NO. of 

Respondents 

% 

Source of Funding Selling property 67 23.1 

From employed 

children 

67 23.1 

Cash crops 72 24.8 

 Offering labor 45 15.5 

Borrow money 25 9.0 

Others 13 4.5 

 Total 289 100 
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4.14. Planting Strategies. 

Table 4.5 shows the sowing practice of the residents who were interviewed. Most of 

the respondents at 94% wait for rainfall to commence before they can plant crops. 

This could be due to the unpredictability in the commencement of rainfall which 

confirms the reason for the perception on the reliability of rainfall in Kisii County. In 

addition, 17% of the respondents indicated that they usually sow and wait for 

precipitation to commence whereas 5% went ahead planting and then applied 

irrigation techniques. The computed X²= 45.45 df =2 p=0.00001 was significant, an 

implication that, a large number farmers wait for the commencement of rainfall before 

they plant. This finding is line with Rankoana (2017) who also found out that a large 

number of farmers in Limpopo province in Dikgale community in South Africa could 

also wait for rainfall to commence before planting their seeds. 

Table 4.5. Showing Planting strategies of Farmers. 

  

Source: Author 

4.15. Climate Variability Adaptation Methods. 

Soil and water conservation methods at 51.1%, followed by cultivating different food 

crops at 33.1% as shown in 4.6 below. Those who could prefer shifting the planting 

dates were 11 % as those who chose to plant different crops were 5.5%. This agrees to 

Response No. of Respondents. % 

Wait for rainfall 304 94 

Plant and wait for 

rainfall 

16 5 

Conduct irrigation  5 1 

Total 323 100 
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what was also observed in Ethiopia whereby farmers in Haraghe preferred to apply 

water conservation techniques to reduce the repercussions of climate variability 

(Lemma 2014).The computed X²=191.38 df=3 p=0.00001 was significant. 

Table 4.6 Showing Climate Variability Adaptation Methods. 

 

Source: Author 

4.17. Weather Forecast Response 

Residents were asked whether they listened to weather forecasts and how they 

responded to the prediction. Our findings were that 84% of the respondents do not 

listen to weather prediction whereas only 16% of the respondents did as shown in 

table 4.7 below. The computed X²= 164.4 df =1 p=0.00001 implied that most of Kisii 

County farmers never listen to weather prediction. On whether those who listen to 

weather prediction take heed, likewise the study  found out that, most of the 

respondents at 85% did not pay attention to weather prediction while only 15% 

considered the weather information as shown in table 4.8 below. The computed X²= 

28.50 df= 1 p=0.00001 is statistically significant, an implication that a good number 

Adaptation Methods. No. of Respondents. Percentage 

Cultivating different types of food Crops.  106 33.1 

Planting best yielding Maize and Beans 

varieties. 

17 5.5 

Soil and water conservation measures 164 51.1 

Changing planting dates according to the 

arrival of rainfall 

36 11.0 

Total 323 100 
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of respondents in Kisii County do not pay attention to weather prediction or if they 

did, they do not incorporate weather prediction in their farming activities.  This was 

associated with lack of confidence and perceptive of weather prediction in most 

farmers. Similar findings were also observed by Chengula and Nyambo (2016), 

whereby farmers in Tanzania along the slopes of Mt Kilimanjaro use their own native 

knowledge on weather forecasting methods which are anchored on biological, 

environmental, astronomical and mythical signs as opposed to modern scientific 

weather forecasting.                                                                                

Table 4.7 showing Response to Weather Forecast 

 

 No. of Respondents. % 

Listen to 

weather 

forecast 

Strongly Agree 51 16 

Agree 0 0 

 undecided 0 0 

 Disagree 0 0 

 Strongly Disagree 274 84 

 Total 323 100 

                                                 

Source: Author. 
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Table 4.8. Showing Perception to Weather Forecasting. 

 

Source: Author 

4.18. Summary of the Result. 

The demographic information of the respondents was collected and analyzed. The 

gender of respondents was 78% female while 21.5% were male. The age brackets of 

famers were 18-27 years 6.1 %, 28-37 years was 14.6 % 38-47 years was 29 %, 48-57 

years was 24.3% while over 57 years was 26%. The highest education level of the 

respondents was secondary education 67%, college education 41% while those who 

had primary education were 2%. 

The average precipitation of the two weather station Karlo and Coffee substation was 

computed and Mann Kendell test was 0.950 (p>0.05). This indicated a trend in 

rainfall precipitation but it was not significant. On average minimum and maximum 

temperature, the computed Mann Kendell test was 0.001 (p<0.05). This revealed a 

significant trend in rising temperature over Kisii County. 

 In Marani sub County, the highest maize production was realized in 2013 while the 

 No. of Respondents % 

Heed to 

weather 

forecast 

 Strongly Agree 8 15 

Agree 0 0 

 undecided 0 0 

 Disagree 0 0 

 Strongly Disagree 43 85 

 Total 51 100 
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lowest was in 2009. In addition, the biggest quantity of Beans was harvested in 2013 

whereas the lowest quantity was harvested during the course of 2013. The lowest 

quantity of bananas was harvested in 2009 whereas 2011 had the highest quantity 

harvested. The lowest quantity of sweet potatoes was harvested in 2013 while the 

highest quantity was harvested in 2015. The good performance of sweet potatoes in 

2015 can be linked to El Niño conditions that were experienced towards the end of 

that year. The highest price for maize in Marani was in 2012 whereas 2015 had the 

lowest. We associated the highest maize price to dry conditions experienced in 2011 

and 2012 leading to low yields. The low harvest triggered high demand of the maize 

and beans leading to higher prices. Low prices for both beans and maize in 2015 can 

be linked to higher harvests that were realized in 2015, hence reducing the demand 

leading to lower prices.   

 

The study established that in Bomachoge - Chache sub-county, the highest maize 

production in number of bags was harvested in 2006 whereas 2012 had the lowest. On 

the other hand, the highest production of beans was harvested in 2013 whereas the 

lowest was captured in 2012.  The lowest banana production was realized in 2012 

while the highest was in 2014 and 2015. For sweet potato production, the highest 

production was realized in 2013 while the lowest was harvested in 2012.  On market 

price, the highest price of maize was in 2013 and 2014 whereas the lowest was 

realized in 2009.The highest price of Beans was realized in 2015 while lowest was 

captured in 2009 and 2010. Generally the price of beans and maize has steadily risen 

since 2009. 

On rainfall reliability, 81% of the respondents indicated that, rainfall had failed to 

commence as anticipated whilst 19% indicated that, rainfall commenced when 
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expected. The computed X²= 138.6 df =1 p=0.00001 was statistically significant, 

hence most farmers wait for the onset of rainfall before planting. On sizes of maize 

farms, majority of the farmers at 54% had Maize farm sizes below one acre, followed 

by 33% who had farms ranging between 1 to 2 acres while 8% had 3 acres,  4% had 4 

acres while 1% had a maize farm of more than 5 acres. On the production of maize 

per one acre per season, the study found out that, majority of the farmers at 43% 

produce 4 bags , 32% produce 5bags, 13% produce 3bags while 3% produce less than 

2bags per an acre in one season. On the use of fertilizer, the study found out that, 

majority of the farmers at 92% use fertilizer when planting maize seeds while 8% do 

not. On ways of preserving the harvested yields, the highest number of the farmers at 

82% indicated that they apply preservation techniques while 14% do not apply any 

preservation method as 4% give no opinion. The study also revealed that, in a span of 

12 months, 91.4 % of the farmers did not harvest enough food to sustain their family 

needs; only 8.6 % of the farmers harvested enough food to sustain their family.  

 

The X²= 248.6 df =1 p=0.00001 was significant and therefore an indication that a 

large number of the respondents were experiencing food insecurity. This meant that, 

the food insufficient farmers had to find coping strategies. 89% of the respondents 

bought food from nearby markets, 8.5% begged from relatives while 2% depended on 

relief food. The X²= 51.3 df =1 p=0.00001 was significant hence a high variation in 

coping strategies. In addition, to bridge the gap of food insufficiency, Majority of 

farmers buy food from markets while a few got food assistance from donors. The 

money used to purchase additional food emanated from different sources. For instance 

24.8% got money from the sale of cash crops, 23.1% from selling property, 15.5% by 

offering labor, 23.1% obtained funds from their working children, 9% borrowed while 
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4.5% used other methods. 

 

Famers in Kisii County have different planting techniques. For instance we found out 

that 94% of the farmers wait for rain before planting, 5% sow and wait for 

precipitation to commence whereas 1% plant and apply irrigation. The computed X²= 

457.45 df =1 p=0.00001. This means that the variation in planting habit is highly 

significant. In addition, farmers adopted different strategies to cope up with climate 

variability whereby 33.1 % preferred to cultivate different crops, 5.5 % plant different 

varieties, 51.1% prefer soil and water conservation methods and 11% prefer to wait 

until the commencement of rainfall. The X²=191.38 df =1 p=0.00001 an indication 

that the observed variation in coping strategies was quite significant. The study a also 

found out that, very few farmers listened and considered weather services or 

information in their agricultural activities. Only 16% of the farmers listened to 

weather forecasting while 85% never listened. Out of the farmers who listen to 

weather information, only 15% of them took heed to weather predictions. From the 

X²= 28.50 df =1 p=0.00001, it is quite clear that a significant number of respondents 

do not care about the weather forecasts. This could lead to poor food production that 

in turn leads to nutritional challenges such as malnutrition. 

 

 

 

 



 
 

63 
 

CHAPTER FIVE 

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS. 

5.1 Introduction. 

This chapter has a summary of research findings, conclusions drawn based on the 

results, recommendations and lastly suggestions for further research.  

5.2. Summary of the findings. 

The research was done in Bomachoge Chache and Marani in Kisii County. It had 

three objectives namely; to examine rainfall and temperature trends for the last 31 

years in Kisii County, to investigate the effect of rainfall variability on the production 

of food in Kisii County and finally to identify the coping techniques at house hold 

level adapted to reduce the impact of food shortages in Kisii County.   

 

On precipitation variation in Kisii County, the p value computed using Mann Kendall 

test for the average rainfall totals from Karlo and coffee substation weather station 

was 0.590 (p˃0.05). This implied a trend in the average precipitation from the two 

weather stations but it was not statistically significant. The computed Mann Kendall p 

value of 0.001 (p˂0.05) of  the average minimum and maximum temperatures 

revealed that, temperatures are rising over Kisii county at a significant pace, this is so 

because the p value is not greater than alpha level of 0.05. 

 

In Marani sub County, the highest quantity of maize production was realized in 2013 

while the lowest was in 2009. In addition, the biggest quantity of Beans was harvested 

in 2013 whereas the lowest quantity was harvested during the course of 2013. The 

lowest quantity of bananas was harvested in 2009 whereas 2011 had the highest 

quantity harvested. The lowest quantity of sweet potatoes was harvested in 2013 while 
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the highest quantity was harvested in 2015. The highest price for maize in Marani was 

in 2012 whereas 2015 had the lowest. Low prices for both beans and maize in 2015 

can be linked to higher harvests that were realized in 2015, hence reducing the 

demand leading to lower prices.   

 

The study established that in Bomachoge - Chache sub-county, the highest maize 

production in number of bags was harvested in 2006 whereas 2012 had the lowest. On 

the other hand, the highest production of beans was harvested in 2013 whereas the 

lowest was captured in 2012.  The lowest banana production was realized in 2012 

while the highest was in 2014 and 2015. For sweet potato production, the highest 

production was realized in 2013 while the lowest was harvested in 2012.  On market 

price, the highest price of maize was in 2013 and 2014 whereas the lowest was 

realized in 2009.The highest price of Beans was realized in 2015 while lowest was 

captured in 2009 and 2010. Generally the price of beans and maize has steadily risen 

since 2009. 

 

Farmers have devised different strategies to cope up with climate variability whereby 

33.1 % preferred to cultivate different crops, 5.5 % plant different varieties, 51.1% 

prefer soil and water conservation methods and 11% prefer to wait until the 

commencement of rainfall. 
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Based on the above findings, the following conclusions can be drawn;  

i) There was no significant trend in rainfall while minimum and maximum 

temperatures show a significant rising trend in Kisii County. 

ii)  The price of Maize and beans has been rising steadily since 2009. 

iii) Kisii County is food insecure despite general perception that the County is a 

‘bread basket’ 

iv) Food security coping strategies in Kisii County include: Buying food from 

nearby markets, Reliance on relief donations from the government and 

other agencies. 

v) Climate variability coping strategies include multi-cropping, soil and water 

conservation, change of sowing dates to coincide with the rains. 

vi) The impact of climate variability can be reduced by soil and water 

conservation techniques, cultivation of different types of food crops, wait 

for the commencement of rain before planting and lastly plant crop 

varieties that have high resilience. 

5.4 Recommendations 

The following should be adopted in order to realize food security in Kisii County. 

i) Civic education to sensitize the public on weather and climate information so 

that farmers can incorporate such information in their agricultural activities. 

ii) Establish other sources of water such as creating large dams and constructing 

bore holes in order to provide water during prolonged drought periods. 

iii) Encourage farmers to plant deep rooted crops such as Bananas to cushion 

them during prolonged droughts. 

iv) Adopt fast growing food crops e.g vegetables, beans; diversify food 

production systems e.g aquaculture and apiculture, poultry; adopt irrigation 
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farming. 

5.5 Suggestions for further study 

The following are suggestions, the study wishes to propose for further investigation 

based on this research findings because, this study has only examined two climatic 

factors i.e rainfall and temperature, therefore, there is a need to undertake research on 

other facets in order to additionally contribute to national efforts towards realization 

of Vision 2030. 

i) Study on other alternative crop varieties that can withstand prevailing climatic 

conditions in Kisii County. 

ii) Evaluate the effect of land fragmentation in food production in Kisii County 
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                                                     APPENDICES 

Appendix 1:Questionnaire for Kenya meteorological department 

 

Part A. Background information. 

 

1. What is yor name  Mr/Mrs----------------------- 

Part B. Questions for objective one. 

2. What were the readings per year of minimum temperature, Maximum 

temperature between 1983 and 2017? 

3. What were the annual rainfall totals between 1983 and 2017 in various 

weather stations in Kisii County? 
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Appendix  2: Questionnaire for Key informant at Ministry of Agriculture at Sub 

County level. 

Part A. Background Information. 

 

1. What is your name;  Mr/Mrs-------------------------------- 

Part B. Questions for Objective two. 

2. Please provide the production totals for the following commodities in your sub 

county between 1983 and 2015. 

Year Maize 

 (90 kg bags) 

Beans 

(90kgbags) 

Sweet 

Potatoes(Mt) 

Bananas(mt

) 

1983     

1984     

1985     

1986     

-----     

-------     

 

5 Please provide the market prices of Maize and Beans between 1983 and 

2017 in Kenya shilling. 

 

Commodity 1983 1984 1985 1986 1987 1988 -- -- -- 

Maize          

Beans          
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Appendix 3:Questionaire for Farmers. 

Part A Background information. 

1. What is your name (optional)---------------------------------- 

2. What is your  gender Male[  ] Female[   ] 

3. Which one of the following age bracket do belong 

18-27[  ], 28-37[  ], 38-47[  ], 48-57[  ], Over 57[   ] 

4. What is your highest level of Education College [  ], Secondary [  ], 

Primary [  

Part B. Questions for Objective Three. 

5. Rainfall has been commencing in your location when it is expectated in 

many occasions; Strongly Disagree [   ], Agree [   ] Undecided [   ], 

Disagree [   ], Strongly Agree.[   ]. 

6. Which of the following best suits your maize farm? Less 1 acre [  ], 

between 1-2 acres [  ], 3arces [  ], 4 acres [  ], 5 plus acres [  ]. 

7. When planting maize seeds, I apply planting fertilizer.  

Strongly Disagree [   ], Agree [   ], Undecided [  ], Disagree [  ] Strongly 

Agree [  ] 

8. Which of the following best suits the maize yields per an arce? 

(i).Less than 2 bag [  ] (ii) 3 bags [  ] (iii) 4 bags [  ], (iv)5 bags [  ] (v) over 

5 bags [ ] 

9.    After harvesting I apply preservation techniques. 

Strongly Disagree [   ], Agree [   ], Undecided [  ], Disagree [  ] Strongly 

Agree [  ]. 
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10. You harvested enough maize in the last 12 months that were able to last 

the family till the next season. Strongly Disagree [   ], Agree [   ] 

Undecided [   ], Disagree [   ], strongly Agree.[   ] 

11. Which one of the following ways do you often use to provide food 

whenever you have food shortages in the family; Buying from nearby 

market [  ], Depend on my Relatives for assistance [   ] Rely on food 

donors [  ] others [  ]. 

12. If you buy food from nearby markets, what is the source of your money;  

 Selling my property [   ], from my employed Children [  ] from my cash 

crops [  ], Borrow money [  ] others [  ]. 

13. If you planned to sow your crops and rainfall delays, Which one of the 

following ways do you normally prefer; Wait for rainfall to commence[  ] 

Plant and wait for rainfall to commence[  ] Plant and apply irrigation[  ]. 

14. Which of the following techniques have you used over time to ensure food 

security in the family; Cultivating different types of food crops [   ], 

Planting the best yielding variety of Maize and beans [  ], Applying soil 

conservation measures [  ], Changing planting dates according to the 

arrival of rainfall [  ], others [  ]. 

15. Before planting my food crops, I always listen to weather forecasting ; 

Strongly Disagree [   ], Agree [   ], Undecided [  ], Disagree [  ] Strongly 

Agree [  ] 

16. After listening to the weather forecasting, you normally to heed to the 

information given; Strongly Disagree [  ] Agree [ ], Undecided [  ], 

Disagree [ ] Strongly Agree [ ]  . 
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