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ABSTRACT 

 

Over the past five years, the coastal parts of Kenya have experienced a combination of 

extreme droughts and flood incidences. This has left a huge negative effect with regards to 

the social, financial, health, and ecological well-being of the affected population. To 

successfully manage possible risks of natural hazards occurring in an area, it is necessary 

to understand how vulnerability is generated, how it builds up and how it intensifies. The 

aim of this study was to assess the vulnerability of rural households to floods and droughts 

risks using Garashi Ward in Kilifi County as a case study.  

 

Data were collected from a stratified random sample of 96 households from Mikuyuni, 

Masindeni and Singwaya administrative units of Garashi Ward. The methods employed to 

collect data include a household survey questionnaire, in-depth interviews, key informant 

interviews, and from relevant secondary data and publications. Findings revealed that the 

study area is highly vulnerable to floods and drought risks. This is depicted by the flood 

and drought vulnerability index value of 0.82 and 0.81, respectively. Furthermore, the area 

is more sensitive to floods and droughts compared to exposure and capacity, since the 

sensitivity index value for both hazards is 1. This value denotes the highest level of 

vulnerability to hazards. Generally, the effect of floods and droughts on households in 

Garashi area will worsen if sustainable multi-sectoral interventions are not put in place to 

prepare and mitigate the vulnerability of these households to natural disasters. 

 

The study recommends that the national and county government should invest in disaster 

preparedness to achieve effective disaster risk reduction in disaster-prone areas. This 

includes conducting risk and vulnerability assessments at national, community and 

household levels. Consequently, the government should build the capacity of all 

stakeholders in the vulnerable regions focusing on sustainable strategies for coping with 

droughts and floods. Lastly, future researchers should adopt an inductive and participatory 

approaches to assess vulnerability. 
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CHAPTER ONE: INTRODUCTION 

 

1.1 Background to the Study Problem 

Natural hazards affect all areas on the globe. They usually happen unexpectedly, are 

seemingly unavoidable and have a disastrous impact. In recent years, natural hazards have 

caused a global increase of climate-related disasters such as floods, droughts, storms and 

heat waves (Thomas and Lopez, 2015), with destructive natural events occurring globally 

between 2004 and 2015 (IFRC, 2016). Recent global flood occurrences include the Asian 

tsunami that resulted in 230,000 casualties across 14 countries in 2004; flooding in Pakistan 

that affected over 20 million people in 2010 and continued to displace a considerable 

number of people each year; and a storm surge in the United States of America that caused 

extensive damage on the urban rail system from New York all the way to New Jersey in 

2012 (Rios et al., 2017). 

 

Examples of global drought occurrences include severe drought events in Ukraine between 

2000 and 2010 that resulted in losses of around €3 billion in grain production (Adamenko, 

2017); the 2015 drought in Washington D.C. that resulted in economic damages ranging 

between $633 million to $773 million dollars across the state (WSDA, 2017); and severe 

drought across ten countries in the Caribbean that caused loss of crops, low water supply, 

decreased crop production, health-related problems, and increase in food prices (FAO, 

2016a). 

 

In Africa, floods affected approximately 38 million people and caused roughly 13,000 

deaths from 1981 to 2014 (Tiepolo, 2014). Recent examples include roads and bridges 

being closed in Gauteng, South Africa, following heavy floods; disruption of transport in 

Nairobi, Kenya, following flash floods in March 2018; torrential rains and flooding leading 

to 20 deaths and 250 displaced families in Dar es Salaam, Tanzania; close to 125,000 

people displaced in Belet Weyne region of Somalia following flash floods; and 2,500 

people left homeless near Bujumbura, Burundi, following devastating floods in April 2018 

(UN-OCHA, 2018). 
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In 2011 and 2012, most parts of Africa were hit by what was termed as the most severe 

drought in the region in 60 years. Close to 12 million people living in the Horn of Africa 

were affected (IFRC, 2016). In Lesotho, the 2014/15 drought left 38% of the rural 

population at risk of survival and livelihood deficit even in the presence of safety nets. On 

the other hand, South Africa was turned into a net-food importer following the 2015/16 

drought in the country, which also resulted in substantial water scarcity and increased 

unemployment in the region (Baudoin et al., 2017). In East Africa, drought resulted in an 

extreme food crisis that threatened the lives of close to 9.5 million people in Ethiopia, 

Somalia, Djibouti and Kenya (UN-OCHA, 2011). Furthermore, the 2015 drought in 

Ethiopia had the highest impact in the country’s history (Philip et al., 2015). 

 

1.2 Statement of the Research Problem 

In Kenya 89% of the landmass is covered by arid and semi-arid lands that are susceptible 

to natural disasters like drought and famine (slow-onset), floods, landslides and disease 

outbreaks (rapid-onset) (GOK, 2015). The drylands which host nearly 39% of Kenya’s 

population are more prone to droughts, while low-lying and coastal regions are regularly 

affected with floods (GOK, 2015). Kenya flood data show that the 2016 floods were 

widespread and affected more people compared to floods recorded in 1961/62 and 1997/98 

(UNDP, 2016). Between March and May 2018 alone, floods in Kenya displaced over 

271,000 people and killed another 118 persons (UN-OCHA, 2018). It is estimated that each 

year, approximately 3.2 million people are affected by floods and droughts in the country 

(Guha-Sapir et al., 2012). The financial loss to Kenya’s economy due to natural disasters 

occurring between 2008 and 2011 was around 12.1 billion USD, which is almost 9% of the 

country’s Gross Domestic Product (GOK, 2011). Extreme droughts have also dried up 

water resources in half of the 47 counties in Kenya and as a result, close to three million 

people in the country lack access to clean water (UN-OCHA, 2017). 

 

Kilifi County is classified as a high hazard probability area of droughts, floods and conflict 

(WESCOORD, 2013). Since 1981, Kilifi County has shown changes in climate with the 

first wet season experiencing a two degrees Celsius rise in average temperature and a 20% 

decreasing order of rain fall. This implies increased drought risk in the first season 
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(January-June) and increased flood risk in the second season (July-December). This 

combination of extreme climate-related hazards compromise productivity and food 

security in Kilifi County and have the potential to cause future challenges if left unchecked 

(GOK, 2016). Specifically, Magarini sub-County in Kilifi was the most affected area with 

close to 50,000 people being displaced when their houses were submerged (UN-OCHA, 

2018). In 2015, close to 3,000 people in Kilifi County had been affected by what was 

termed as the worst flood event in the county in 20 years (GOK, 2016). A recent study 

(KRCS, 2018) indicates that over 25% of the households in Garashi Ward, Magarini sub-

County in Kilifi County were rendered inhabitable by floods in April 2018, and residents 

had to seek temporary shelter in formal and informal camps. 

 

In the past, governments have resolved to a more reactive approach when dealing with 

natural disasters by providing emergency response in the form of food, shelter and 

incentives. This approach is important in saving lives in the short-term but is not 

sustainable. There is need for a more pro-active strategy based on principles of reducing 

risk and building stronger resilience of societies to floods and droughts risks (FAO, 2016c). 

To successfully manage possible risks of natural hazards occurring in an area, it is 

necessary to understand how vulnerability is generated, how it builds up and how it 

intensifies (Cardona et al., 2012). 

 

Several studies have been conducted on the susceptibility of communities to impacts of 

environmental hazards in various parts of Kenya (Omedo, 2008; Murambi, 2009; Karisa, 

2010; Wachira, 2010; UNDP 2004; Okello, 2016; DI, 2017; Gitonga, 2017; Tarbuck, 

2018). These studies focus on the environmental aspects of flooding, addressed 

vulnerability to natural disasters at the community or national level, and have mainly 

focused on urban households. There is need for more knowledge on vulnerability to 

disaster risks at household level, especially in the rural areas. This study is an assessment 

of rural households’ vulnerability to floods and droughts risk in Garashi Ward in Magarini 

sub-County, Kilifi County. 
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1.3 Research Questions 

1. What factors influence vulnerability to floods and droughts risk in Garashi Ward? 

2. How are households in Garashi Ward affected by the occurrence of floods and 

droughts? 

3. How do households use their knowledge about vulnerability to adapt to and cope 

with flood and drought risks? 

4. What are the flood and drought vulnerability indices of households in Garashi 

Ward? 

 

1.4 Research Objectives 

1. To determine the factors that influence household vulnerability to floods and 

droughts risk in Garashi Ward. 

2. To determine how households in Garashi Ward are affected by the occurrence of 

floods and droughts. 

3. To evaluate ways that households use their knowledge about vulnerability to adapt 

to and cope with floods and droughts risks. 

4. To determine the flood and drought vulnerability indices of households in Garashi 

Ward. 

 

1.5 Justification of the Study 

Natural hazards occur all over the world and are not harmful on their own. However, when 

they interact with vulnerable people, ecosystems or property they lead to disasters. The 

extent of the damages caused depends on the vulnerability of the individuals, households, 

their communities or dependable sources of income. If the main source of livelihood in an 

area is rain-fed agriculture or natural resources, then the impact is greater, and people take 

longer to resume their normal lives (Peduzzi et al., 2009). 

 

Vulnerability is an underlying factor that disrupts a regional system’s sustainable 

development. Vulnerability assessments entail determining, measuring and focusing on the 

susceptible factors in a system. Efforts to re-adjust vulnerable systems are beneficial for 
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the system to achieve its optimal function, lessen disturbances, modify its environment and 

develop further (Flax et al., 2002). 

 

Evaluations of vulnerability are contributing to the prevention, early warning and 

eradication of unusual disasters (Tehrani, 2014), and this will be the basis of this analysis 

of Garashi area, which is prone to frequent alternating flooding and drought events. The 

area being remote, marginalized and with the highest poverty index in Kilifi County, self-

rescue is more important in this area, compared to other wards in the county. Data on floods 

and droughts is utilized by a wide range of users in different fields such as managers of 

water resources, hydrologists, planners, agronomists, researchers, climatologists and 

decision-makers in the government and private sectors. Areas that are becoming more 

exposed to floods and droughts in Kenya could be mapped and form part of continuous 

floods and droughts assessments in the country. 

 

Disaster risk reduction is in line with Sustainable Development Goals #1: end poverty in 

all its forms everywhere; #2: end hunger, achieve food security and improve nutrition; and 

#13: take urgent action to combat climate action and its impact. These goals address the 

importance of integrating environment into development ambitions. Environmental 

sustainability is a pre-requisite for lasting socio-economic development, food security, 

poverty eradication and resilient communities. Furthermore, to achieve Kenya’s Vision 

2030, it is necessary to mitigate the impacts of natural disasters. This will enhance 

preparedness in disaster-prone areas and improve capacity for adaptation to global climatic 

change (GOK, 2007). 

 

1.6 Scope of the Study 

This assessment focuses on floods and droughts occurrences in Kilifi County. The types of 

droughts considered in this study are agricultural and hydrological drought, while the types 

of floods under study are river (fluvial) floods. The unit of analysis is the household, and 

the focus will be on Garashi Ward, Magarini sub-County in Kilifi County. The variables 

under study include exposure, sensitivity and capacity. 
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This study adopted a deductive approach that uses indicators to assess household 

vulnerability. Indicators for vulnerability assessment are usually selected depending on 

their suitability to the hazard, definitions in the theoretical framework and availability of 

data (Balica, 2012b). Although some indicators were suitable for this study, their data was 

not easily available and hence they were omitted. These were mainly indicators of exposure 

such as flood depth and velocity in reference to floods, and crop yield and soil moisture 

deficit in relation to droughts. 

 

Furthermore, not all drivers of vulnerability as specified in different studies were included 

in the study (Chambers, 1989; Birkmann, 2007; Jean-Baptiste et al., 2013; Vojinovic, 

2015). Vulnerability assessments include the social, economic, environmental, physical 

and attitudinal aspects. This study omitted the physical and attitudinal drivers of 

vulnerability. The physical drivers include human settlements, their spatial arrangements 

and materials used to construct these settlements that could affect their vulnerability to 

hazards. Attitudinal drivers focus on the perceptions and cultural beliefs of populations 

towards hazards and their risks. 

 

1.7 Operational Definitions and Concepts 

Adaptive Capacity: The strengths, resources and knowledge that households have 

acquired over time to prepare for and mitigate the adverse effects of floods and 

droughts, while also exploiting opportunities that could be beneficial in the long 

run. 

Coping capacity: The strengths, resources and knowledge that households have to address, 

manage and overcome adverse conditions that occur suddenly in their area. These 

are the short-term strategies employed only after the disaster and could either be 

discarded once normal life is resumed or adapted for long-term preparedness 

against floods and droughts impacts. 

Exposure: The situation of households and their assets in areas that are flood-prone, low-

lying, or water-stressed, hence making them unprotected and open to the danger of 

suffering losses in the event of floods and droughts.  
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Mitigation: To reduce or limit the possibility of floods and droughts to cause undesirable 

effects on households in a given area. 

Natural hazard: A natural process or phenomenon that occurs either slowly or abruptly 

and it negatively affects households, their assets and could also hinder their access 

to services and lifelines, hence disrupting normal activities.  

Resilience: The capacity of households to absorb, adopt to and recover from the negative 

effects of a natural hazard, in a timely and efficient manner, including the 

preservation and restoration of its essential basic structures and functions. 

Risk: The possibility of floods and droughts occurrence multiplied by the expected loss 

experienced by households in an area.  

Sensitivity: The extent to which households and the systems they are dependent on are 

exposed any harm after the occurrence of floods and droughts.  

Vulnerability: The prevailing household conditions in relation to the economic, physical, 

and social factors that increase or lower that household’s vulnerability to effects of 

floods and droughts.   



 
 

8 

 

CHAPTER TWO: LITERATURE REVIEW 

 

This chapter presents the reviewed literature relevant to the understanding of the research 

problem. The first section describes the concept of vulnerability in the context of flood and 

drought risk by first defining the vulnerability concept and then giving an overview of 

vulnerability vs. risk. This is followed by a discussion on the factors influencing floods and 

droughts risk on households. The third section highlights how households use their 

knowledge about vulnerability to defend themselves against floods and droughts risks, and 

the fourth section presents households’ vulnerability to the impact of flood and drought. 

Research gaps are highlighted in section five, while the last two sections present the 

theoretical and conceptual frameworks, respectively. 

 

2.1 Vulnerability in the Context of Flood and Drought Risks 

2.1.1 Definition of Vulnerability  

For the past five decades, specifically between 1980 and 2000, studies in the population 

and social sciences fields have contended that the effect of natural hazards does not only 

rely on the ability of the physical environment to withstand the impact but also on the 

capability of  people to adapt and cope with the stress (Keinberger, 2007). The focus has 

shifted from natural factors influencing disasters towards different levels of vulnerability. 

Efforts to reduce vulnerability began as the main approach to mitigate disaster impacts, but 

this proved tenuous to execute (Keinberger, 2007). 

 

The description formulated by the International Strategy for Disaster Reduction 

(UN/ISDR) is the most common and defines vulnerability as the circumstances brought 

about by ecological, physical, financial and social aspects that increase the defencelessness 

of a system to the effects of hazards (UN/ISDR 2004). One major issue of vulnerability is 

the view of a forthright and policy-supporting variable. Other studies suggest that 

vulnerability should have predictive characteristics and is purportedly a way of idealizing 

what may happen to a specific population under circumstances of particular risk and 

hazards (Canon, et al., 2003). 
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2.1.2 Vulnerability versus Risk 

The terms vulnerability and risk are generally used to express the likely harmful effects 

of a change in climate or severe climatic deviations on a specified system unit, including 

region, economic sector, ecosystem, community, infrastructure or social group (Tehrani, 

2014). Although both terms are appropriate in a broad context, it is necessary to 

differentiate the two in a scientific context, and in particular for their use in quantitative 

assessment (Tehrani, 2014). Risk is defined as possibility multiplied by the realized or 

anticipated loss (of lives, persons injured, property damaged, and economic activity 

disrupted) due to a particular hazard for a given area and reference period, where the 

hazard here is a threatening event, or the probability of occurrence of a potentially 

destructive phenomenon within a given time frame and region (Adger et al., 2004). This 

definition is similar to the type of vulnerability referred to in some literature as “physical” 

or “biophysical vulnerability”, which is dependent on exposure, hazard, and sensitivity 

(Adger et al., 2004). On the contrary, “social vulnerability” (also known as “inherent 

vulnerability”) is defined as the natural characteristic of a system that exists within the 

system and is independent of external exposure (Adger et al., 2004). Poverty, inequality, 

access to resources, marginalization, housing quality and health are some of the factors 

that are used to examine the social vulnerability of a system (Tehrani, 2014). 

The vulnerability assessment for climate variation and change should, to some extent, 

integrate both physical and social vulnerability, since this type of vulnerability is the 

result of the interaction   between   both   physical   processes   and   the   human   

dimension.   For   example, vulnerability to flood and drought is measured as the scope 

to which a system is predisposed to droughts and floods based on exposure, in 

conjunction with the system’s capacity to absorb the short-term or permanent negative 

effects of these hazards (Balica and Wright, 2009). 
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2.2 Factors Influencing Vulnerability of Households to Floods and Droughts Risks 

2.2.1 Climatic Factors 

In recent years, climate change has become a major concern worldwide. Even slight 

changes in average temperatures are predicted to add to the magnitude, type and occurrence 

of severe events such as flood and drought over the coming years (Meehl et al., 2007). 

Drought and floods projected for the 21st century show a significant increase compared to 

those in the 20th century. However, projections show that developing countries will be most 

affected by impacts of climate change (Parvin et al., 2016). 

 

Increased rainfall and decreased evapotranspiration are projected to cause an increase in 

river discharge globally, resulting to an increase in flooding frequency (Parvin et al., 2016). 

Between 1980 and 2010, there was a 25% increase in exposure to floods among developed 

countries; 50% increase in upper-middle-income countries; 75% increase in lower-middle-

income countries; and a 125% increase in low-income countries (UN/ISDR, 2011). Climate 

change has also resulted in increased frequency and extent of flooding (Reynard et al. 

2001). 

 

In relation to drought, there has been an increasing warming trend, since the late 20th 

century, leading to extreme drought events across various regions globally (Chou et al., 

2018). Climatic conditions that favour drought conditions include precipitation deficiency 

in relation to timing, intensity and amount, high temperatures, greater sunshine, less cloud 

cover, high winds, low relative humidity, and increased evaporation and transpiration. 

Also, decreased precipitation levels in an area for a prolonged period causes a decline in 

streamflow, inflow to reservoirs An area’s soil type also determines the available soil water 

moisture, due to its water retention capacity and ability to support crop growth, as well as 

the underlying permeable rock. Soil water deficiency results in plant water stress and low 

plant biomass and yields.  

 

The frequency and severity of drought is difficult to predict, due to the complexity of the 

impacts. However, the use of global models (hydrological and climatic) to simulate drought 
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occurrence shows a possible increase in the global severity of drought (Prudhomme et al., 

2013). 

 

Climate change is an added stress to already threatened ecosystems in Africa. This 

combined with human-induced pressures exposes populations, their assets and livelihoods 

to risks posed by natural hazards such as flood and drought (UNFCC, 2008). Different 

models and scenarios show that drought risk is expected to increase across Africa in 

coming decades at various intensities. Although countries in Africa are predicted to 

experience an exasperating drought hazard, the highest drought risk ratio is estimated 

across countries in Central Africa. This is due to an increasing population and vulnerability 

of the region (Ahmadalipour et al., 2019). Furthermore, in sub-Saharan Africa, 501 

damaging flood events were reported between 1980 and 2010 (Bischiniotis et al., 2018). 

 

In Kenya, the phenomenon of shifting climate is already escalating at an alarming rate as 

is obviously seen from countrywide temperature rises and irregular, as well as intensified 

rainfall. Examples include the La Nina drought and frequent occurrences of El Nino events 

across the country. Temperature trends in Kenya shows that vast areas in the country 

experienced a general increase in temperatures between 1960 and 2010. However, the 

coastal region experienced different changes, with a decrease in temperatures over the 50-

year period, indicating increased rainfall in these areas (GOK, 2010). 

 

Past impacts of climate hazards in Kilifi County have resulted in increased temperatures 

and a decrease in the area’s annual precipitation. Heat stress, drought and dry spells greatly 

contribute to agricultural risk in the county. A combination of rains starting late, ending 

early or the complete absence of rain has made crop failure a recurring hazard in Kilifi 

(GOK, 2016). Future projections imply that in thirty years, temperatures will increase by 

0.5oC, causing tremendous changes in the first wet season. Also, consecutive days of 

moisture stress are expected to increase in the first and second season, from around sixty-

five days per season to over seventy-five days of moisture stress. On the other hand, 

excessive amounts of rainfall affect harvests and thus household food security is 

compromised (GOK, 2016). 
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2.2.2 Socio-economic Factors 

Disaster risks occur when three components interact: the hazard, the population at risk and 

the community’s adaptive capacity (Thomas et al., 2013b; Peduzzi et al., 2009). Globally, 

floods and droughts are known to have a significant negative impact on populations, 

including loss of income, limited access to services, and internal displacement of 

households (UNFCC, 2008). 

 

Effects of flooding caused by climate change are not felt equally by all social levels in the 

community. Studies show that disasters have an unequal impact on the poor. It has been 

determined that low-income households suffer the most and experience the worst impacts 

of any disaster (Johnson, 2006; Parvin and Rajib, 2013; UN, 2009; UN/ISDR, 2005; 

UN/ISDR, 2013; Yodmani, 2001). Consequently, it is expected that low-income 

households will be worst hit by flood impacts in the near future. These are households that 

lack sufficient resources to safeguard themselves against disasters and have minimum 

adaptive capabilities to survive with loss of livelihoods and property (Brouwer et al., 2007). 

 

Short-term effects of drought on households include reduced crop production, poor growth 

of pasture and availability of crop residues for livestock. Prolonged drought on the other 

hand may lead to an outbreak of water-borne diseases, reduced family income and even 

internal displacement. Countries dependent on rain-fed agriculture in Africa, Asia and 

South-Central America are most likely to suffer from food insecurity (Carrao and Parbosa, 

2015). However, drought impacts on a region depends on the households’ disaster 

preparedness and political stability, where governments are willing and capable of 

investing in early warning systems and building resilience of communities.  

 

In most low-income countries, high level disaster risks are often associated with the 

communities’ livelihood activities. In these countries, regions that are susceptible to risks 

such as flood lowlands attract more people to settle there because of the high potential for 

food production (Jinadu, 2014). Empirical studies have established that there is a 

correlation between exposure to hazards and access to income sources (Brooks, 2003; 

Gwimbi, 2009). As such, disasters might have a negative impact on people, their assets and 
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livelihoods. For instance, studies have shown that there is a link between drought, its 

management and poverty (Sen, 2005; Krishna, 2006; Elbers et al., 2007; Oyundi, 2011; 

Cole et al., 2013). These studies imply that drought events have consistently over the years 

pushed vulnerable households to poverty. In addition, exposure to chronic drought reduces 

people’s incentive to save and invest. The studies argue that the possibility of losing 

livestock after a drought or crops being washed away during floods discourages households 

from investing in agriculture-based livelihoods. 

 

In Kenya’s arid and semi-arid areas, there has been a recent escalation in disaster threats 

and these have manifested in socio-economic and environmental losses like destruction of 

communal facilities, reduced livelihood sources, degradation of water quality and a decline 

in natural resources. Specifically, drought disaster risks remain the single prime challenge 

to development in Kenya’s arid and semi-arid lands (WESCOORD, 2014). 

 

In terms of social impacts, water scarcity during drought seasons in arid and semi-arid 

lands of Kenya forces women to walk for long distances to look for water and men spend 

more time looking for water and pasture for livestock. These changes have resulted in 

social disturbances and family instabilities (GOK, 2016). Men move to towns in search of 

more stable jobs as women remain at home looking after the children. Additionally, the 

uncertainty of food and livelihood security created by extreme weather events leads to an 

increased rate of school dropouts as children look for work to supplement their families’ 

meager income (GOK, 2016). 

 

2.3 Households’ Coping and Adaptive Strategies to Impacts of Flood and Drought 

Different hazards have varying impacts, and households respond differently with each 

impact. Studies have shown that households respond differently to rapid-onset hazards 

such as floods, compared to slow-onset hazards like drought (Motsholapheko et al., 2011; 

Roncoli et al., 2001). In relation to climate-related hazards occurring in rural areas, it is 

argued that understanding of farmers’ adaptation strategies will allow for more targeted 

and suitable climate adaptation policies (Adger and Vincent, 2005). 
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The Sustainable Livelihoods Framework (SLF) is now being regularly used to understand 

how rural sources of income have been diversified as a plan to handle shocks (Ellis, 1998). 

For instance, rural households can change from farm to non-farm supplies of income 

(Paavola, 2008), adopt new crop varieties that are better suited to withstand the shock 

(Deressa et al., 2010), or move to new settlements as a way of adjusting to stress (Konseiga, 

2007). Other strategies employed by rural households to cope with hazard impacts include 

spending of family savings, consumption of food reserves and sale of livestock to 

supplement income (Thornton et al., 2007; Chuku and Okoye, 2009; Oyekale and Gedion, 

2012). 

 

In Kilifi, unpredictable weather conditions have discouraged farmers to plant maize since 

the crop rarely grows to maturity and even if it does, the yields are very low. Farmers have 

therefore shifted to other drought resistant crops like cassava, sorghum, chili and millet. 

However, drought and floods also affect production of these seemingly resistant crop 

varieties. Consequently, farmers have adopted early maturing crops like pigeon and cow 

peas, dryland hybrid maize (PH4, DH04, DH02) and green grams (GOK, 2016). 

In cases of extreme drought and flooding impacts, there is total crop failure and/or damage 

and loss of livestock as well, leading to serious issues of food insecurity and loss of 

livelihoods in the county. Individuals have therefore resorted to seeking employment in 

urban areas to diversify their household income (GOK, 2016). 

 

2.4 Early Warning and Emergency Response 

Due to the rising intensity and frequency of floods and drought, governments across the 

globe have invested in the development of disaster risk reduction models (Raikes et al., 

2019). However, there are factors that limit the successful implementation of crisis 

management models such as the lack of clear legislative and policy frameworks, 

complacency in decision-making, separating human development and disaster response, 

and countries leaning more towards privatization of risk management by shouldering the 

disaster responsibility to land owners (Raikes et al., 2019). 
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Studies have shown that early warning models for droughts are structured the same way as 

those of floods (Sivakumar et al., 2014; Finnessey et al., 2016; Stein et al., 2016). These 

models are often complex, and the challenge is to optimize them in a way that will 

minimize and mitigate risk to individuals, households, and communities (Finnessey et al., 

2016). 

In developed countries, emergency response models are developed to respond more to 

floods and less on drought, hence there is less literature on drought management models 

compared to those on floods (Raikes et al., 2019). These are therefore more prepared to 

respond to flood emergencies than drought. In Africa however, there is more literature on 

drought response compared to floods because the incidents of drought in the region has 

been more frequent compared to floods in the past, although this is quickly changing 

(WESCOORD, 2013). 

 

2.5 Households’ Vulnerability to the Impact of Flood and Drought 

A society is considered to be vulnerable if its conditions and characteristics make it prone 

to the harmful effects of a risk (Kidokoro, 2008). Vulnerability and risk are dynamic 

concepts and need to be measured against several factors, based on the short and long-term 

impacts (Wisner et al., 2004). These concepts can be assessed based on three socio-

ecological aspects: the existence of hazards, characteristics of individuals and community-

level variables. The proposed two-step approach for deriving regional drought and flood 

vulnerability adopts the concept that 1) households need a variety of “(semi-)independent” 

aspects to achieve positive resilience to impacts; and 2) no single factor is sufficient to 

yield all the various livelihood products that households need to survive (Parvin and Rajib, 

2013). 

 

Poverty contributes to people’s vulnerability to flooding and drought. Frequent flood and 

drought impacts lead to increased poverty (ADPC and USAID, 2005; Weis et al., 2006). 

Studies on individual characteristics at household level are based on physical, social, 

economic and environmental factors. They show that employment status, type of 

occupation, income and education level, inadequate protection of assets and poor design 
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and construction of houses can increase or decrease a person’s vulnerability to hazards 

(Cutter et al., 2003; Thomas et al., 2013a). For example, rural residents have low literacy 

levels and are more likely to occupy houses made from sub-standard materials that could 

make them vulnerable to hazards like flooding and storms (Johnson, 2006). 

 

Various studies reveal that the risks of rural areas to disaster vulnerability are specific to 

different levels and types of vulnerability (Alston, 2007; Brennan and Flint, 2007; Mason, 

2011; Saenz and Peacock, 2006). Rural households are constrained by access to resources 

needed to withstand disasters and recover from them whenever they happen. Also, 

characteristics of most rural areas like low income and literacy levels and a high 

dependency on resource-based livelihoods increase these areas’ vulnerability to disaster 

impacts (Prelog and Miller, 2013). Furthermore, other studies have shown that being 

exposed to risks and having low survival capabilities make rural households very 

vulnerable and less protected against the shocks of disasters (Foster et al., 2008; Gwimbi, 

2009). 

 

Social vulnerability is usually manifested after the occurrence of a hazard among different 

groups of people (Cutter et al., 2003). While all people living in a hazard-prone area are 

vulnerable, social impacts are often felt by poor households, children, disabled persons and 

the elderly. These groups are often the least prepared for an emergency, possess the least 

resources to prepare for a hazard and reside in the highest-risk locations in below standard 

houses. They also lack knowledge of available resources that they could use to help them 

cope and recover from a disaster within a short time (Dunning, 2009; NRC, 2006). 

 

Kilifi County is classified to have a very high vulnerability index in relation to shocks and 

hazards, which include floods and droughts, and has a poor water infrastructure 

(WESCOORD, 2013). The main livelihood sources in the county include growing of cash 

crops, dairy, marginal and mixed farming, subsistence farming, formal employment, 

business and casual employment in processing zones (KIRA, 2014). During floods, dairy 

cattle can get infected by worms near flooding water. Small-scale dairy farmers are hence 

vulnerable when it floods, especially those who own an average of three cows per 
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household and have a lower capacity to invest in feed supplements, veterinary services, 

vaccines and artificial insemination. Farmers growing cash crops are also vulnerable to 

drought and floods since crop harvests are usually lower than usual leading to losses (GOK, 

2016). 

 

2.6 Research Gaps Emanating from Literature Review 

Studies have focused on emergency response (reactive approach), where governments and 

stakeholders respond to disaster impacts by providing food aid, temporary shelter and 

material support as a way of supporting affected households to cope with the losses and 

changes (Alston, 2007; Brennan and Flint, 2007; and Cutter et al., 2003). Other studies 

have focused on the disaster preparedness aspect (proactive approach) at regional level, 

where the focus is on early warning systems and effective communication before the 

occurrence of natural hazards, hence mitigating the impacts (Maina, 2009; Muchunku, 

2010; Kimeli, 2016). 

Other local studies have mainly focused on vulnerability of urban informal settlements to 

floods (Omedo, 2008; Okello, 2016). Also, studies have mostly focused on only one aspect 

of vulnerability; either the social, environmental, or economic aspect, (Cutter et al., 2003; 

Thomas et al., 2013a) rather than assessing these interdependent aspects jointly. 

Therefore, there is a gap when it comes to addressing vulnerability to floods and droughts 

at household level, especially in rural areas, while putting into consideration the 

environmental, social and economic aspects. 

 

2.7 Theoretical Framework 

Vulnerability has three aspects: 1) characteristics that influence vulnerability continuously 

change in time and space; 2) vulnerability is dependent on the unit of analysis (national, 

household or individual); and 3) vulnerability is multidimensional and varies from one 

physical context to another. Regarding the third aspect, five components need to be 

measured when assessing vulnerability. These are the physical components, the economic 

components, the social aspect, the environmental aspect, and the political or institutional 

characteristics. 
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A more recent definition of vulnerability as described by UNU-EHS is that: “Vulnerability 

is the intrinsic and dynamic feature of an element at risk (community, region, state, 

infrastructure, environment etc.) that determines the expected damage/harm resulting from 

a given hazardous event and is often even affected by the harmful event itself. Vulnerability 

changes continuously over time and is driven by physical, social, economic and 

environmental factors,” (Thywissen, 2006). The UNU-EHS definition is further 

conceptualised through the Bogardi, Birkmann and Cardona Framework, which views 

vulnerability as embedded in the hazard-vulnerability chain (section 2.5). 

 

The Expert Working Group on Vulnerability led by the United Nations University – 

Institute for Environmental and Human Security spearheaded the publication of different 

synthesis reports which compile diverse approaches and results (Adger 2006, Birkmann 

2006, Gallopín 2006, Thywissen 2006, Villagran 2006). Although there is a consensus on 

the conceptual basis, to link and integrate various aspects from different scopes, sectors 

and spatial scales makes the assessment of a system regarding its vulnerability a tough and 

frequently complex task (Keinberger, 2007). 

 

The practical challenge is to come up with a reporting framework on vulnerability that 

incorporates quantitative and qualitative data, while permitting the communication and 

visualization of vulnerable areas and dimensions to relevant stakeholders and decision-

makers. Also, the identification and definition of a set of vulnerability indicators is another 

challenge. Indicators of vulnerability should be used to assess adaptive strategies and 

measures, as well as serve as the baseline for monitoring development processes.  

 

In past years, scholars have proposed various models that aim at coming up with methods 

of measuring vulnerability. These include the Bogardi, Birkmann and Cardona (BBC) 

Conceptual Framework (Bogardi and Birkmann, 2004; Cardona, 1999/2001); the Pressure 

and Release Model (Wisner et al, 2004) that describes risk as a function of hazard and 

vulnerability; the Double Structure Conceptual Framework (Bohle, 2001) which indicates 

that vulnerability cannot adequately be considered without considering coping and 
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response capacity; Vulnerability in the Global Environment Change Community (Turner, 

2003) where vulnerability is defined to include resilience, sensitivity and exposure; and the 

Holistic Approach to Risk and Vulnerability (Carreno et al, 2007)) where vulnerability is 

based on three factors namely: lack of resilience to recover and cope, socio-economic 

instabilities, and physical exposure and sensitivities.  

 

The theoretical framework considered in this study is the BBC Framework since it best 

answers the research questions and objectives outlined in sections 1.3 and 1.4 above. In 

this framework, vulnerability is defined through the scope of exposed and susceptible 

elements on one side, and coping capacities of affected entities (e.g. social groups) on the 

other hand. This model is based on the understanding that vulnerability goes beyond 

valuation of damage caused by the disaster, towards continuously assessing vulnerability 

as a combination of economic, environmental and social elements, then linking them to 

risk mitigation and sustainable development (Green et al., 2000). 

 

The framework further emphasizes that it is important to address potential intervention 

tools that could help reduce vulnerability in the social, economic and environmental 

spheres (Birkmann, 2006). The BBC model argues that there are two opportunities to 

reduce vulnerability; one before the disaster strikes (being prepared for the disaster) and 

one after the disaster strikes (reactive measures). 

 

2.8 Conceptual Framework 

Understanding the pattern of vulnerability in an area is important in the management of 

disasters (Cutter, 1996). However, frameworks on vulnerability vary in scope and thematic 

focus. It is therefore apparent that different vulnerability frameworks are suited for specific 

disciplines. There is no one-size-fits-all model that is general to all themes of study 

(Ciurean et al., 2013). Consequently, this study adopted different concepts from the BBC 

theoretical framework. 

 

According to the conceptual model (Figure 2.1), there is a high likelihood of risk being 

realized if a natural hazard occurs in a vulnerable community. If disaster occurs, then it can 
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be reduced through emergency response (reactive measure). Disaster can also be mitigated 

or prevented from happening (preparedness). Feedback on the disaster impact and 

mitigation can be used to develop early warning systems to reduce the vulnerability of 

households to disaster risks. 

Figure 2. 1: Conceptual framework 

 

Source: Adopted from Birkmann (2006) 

 

Vulnerability in this context is regarded as the combination of susceptible elements and 

coping capacity. Assessment of vulnerability goes beyond determining the extent of 

damage caused by the hazard, to the continuous evaluation of a combination of social, 

economic and physical components and links them to reduction of risk and sustainable 

development. 

 

According to the BBC framework, risk is conceptualized as the interaction between a 

disaster and vulnerable elements. Disaster risk can be actualized if there is no vulnerability 
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reduction measures such as disaster preparedness and awareness. Disaster management 

measures then must be put in place to mitigate impacts of the disaster through emergency 

response. Intervention systems such as early warning systems and sustainable land use 

practices can reduce risks and consequently lead to sustainable development. 
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CHAPTER THREE: RESEARCH MEHODOLOGY 

 

This chapter presents the study methodology in terms of the target population and 

sampling, sources and techniques of collecting data, and the approaches used in data 

analysis. The chapter starts by giving an overview of the physical and human 

characteristics of the study area. 

 

3.1 The Study Area 

3.1.1 Location and Topography of the Study Area 

The study area is Garashi Ward, which is one of the six wards in Magarini sub-County in 

Kilifi County, Kenya (Figure 3.1). Kilifi is one of the six counties in the Coast region of 

Kenya. Garashi Ward covers an area of around 347.7km2. Garashi is bordered by Marafa 

Ward to the North, Magarini Ward to the East, Baricho Ward to the West and Kakoneni 

Ward to the South (GOK, 2018). Garashi Ward has nine administrative units, namely Kaya, 

Bura, Bate, Mikuyuni, Masindeni, Singwaya, Baricho, Bore and Gandini (KNBS, 2017). 

Garashi Ward falls within the Nyika plateau, which has an elevation of about 100 to 340 

metres above sea level, and it covers about two thirds of the western side of Kilifi County. 

The plateau is marked by few inhabitants, little crop cover, and a gently undulating terrain. 

This forms the arid and semi-arid region of the county, which is fit for raising livestock 

herds (GOK, 2018). 

 

3.1.2 Ecology and Climate 

Garashi Ward falls in two of the five agro-ecological zones of Kilifi County. These are the 

Livestock-Millet Zone and the Lowland Ranching zone. The Livestock-Millet Zone can 

only support little farming activities, with annual rainfall varying from 700mm to 900mm. 

This zone is apt for dry land farming that supports crops that can withstand long periods of 

drought and livestock keeping. The Lowland Ranching Zone varies in altitude between 

90m to 300m with an annual mean temperature of 27o Celsius, and a yearly rain fall of 

350mm to 700mm. Wildlife and ranching are the main activities in this area (GOK, 2018). 
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Figure 3. 1: Administrative Wards of Magarini sub-County  

  

Source: http://www.kilifi.go.ke (Accessed on 18th June 2018). 

 

Garashi Ward is in the hinterland area of Kilifi County, which receives an annual 

precipitation of approximately 300m to 900mm. The short rains are experienced in the last 

quarter of the year, while the long rains are from March to May. The most important season 

for the hinterland, under which Garashi area falls, is the short rains for water recharge and 

pasture regeneration. The Nyika plateau area experiences the highest annual evaporation 

rates of up to 220mm. The highest evaporation rates are experienced in the first three 

months of the year in the county. The annual temperatures range between 30o Celsius and 

34o Celsius in the hinterland (GOK, 2018). 

 

3.1.3 Demography 

Garashi Ward has 3,734 households with a population of 25,781 people (KNBS, 2009). In 

the larger Magarini sub-County, males make up 46.5% and females 53.6% of the entire 

population (GOK, 2018). Magarini sub-County has the least population density in the 

http://www.kilifi.go.ke/content.php?com=4&com2=44&com3=#.W9G69HszbIU
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county at 34 persons per square kilometer (GOK, 2018). The average household size in 

Kilifi County is 5.6, which is higher than the national average of 4.4 (KNBS, 2009). The 

ratio of people depending on one income earner in the county is 101.45% (GOK, 2018). 

 

3.1.4 Socio-Economic Characteristics 

Garashi is the poorest ward in Kilifi County, which has a poverty rate of 70.8%. This is 

higher than the national rate of 45.6% (KNBS and SID, 2013). The main economic 

activities in the area include agriculture, charcoal production for commercial purposes, fish 

farming, rural self-employment and wage employment (CRA, 2011). Charcoal production 

in arid and semi-arid lands of Magarini sub-County has resulted in pollution, soil erosion, 

land degradation and climate change (GOK, 2018). According to the National Housing 

Survey (2013), 43.7% of the households in Kilifi County have iron sheets for roofing and 

53% have grass/makuti roof. One third of households in urban areas use 

stones/bricks/blocks for constructing houses, while almost a half of the population in rural 

areas use mud and wattle for constructing walls. 67% of the households have earthen floors, 

while 30% cement floors, mostly in urban areas. 

 

3.1.5 Land use 

A greater area of the land in Garashi is being utilized for farming and herding of livestock. 

The main crops grown in the area include maize, pineapples, mangoes, sisal, cassava and 

millet. More than 65% of Kilifi County landmass has a limited supply of water and the 

households either harvest rainwater in water pans or fetch water from the river for drinking, 

cleaning and cooking, as well as livestock consumption. These water pans often dry up 

during the normal seasonal dry spells. 

 

Generally, there is a high demand for water in Kilifi County. There are also very few water 

harvesting initiatives for irrigation. Households in Garashi mainly depend on irrigation to 

grow their crops, due to unreliable rainfall patterns in the area. River Sabaki crosses the 

southern part of Magarini near Mikuyuni village, and it poses a high irrigation potential for 

households residing near its banks. However, the 2016/2017 drought almost resulted in all 

the water sources drying up in the county including River Galana which is very expansive. 
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Consequent periods of droughts and floods in the county provide a unique potential for 

harvesting large volumes of water that is essential for watering croups during droughts. 

 

3.2 Research Methodology 

3.2.1 Target Population and Sampling Procedure 

The target population was households in Garashi Ward. Garashi Ward has 9 administrative 

units, namely Kaya, Bura, Bate, Mikuyuni, Masindeni, Singwaya, Baricho, Bore and 

Gandini. However, because of the large geographical extent of Garashi Ward, this study 

was done in Mikuyuni, Masindeni and Singwaya. The choice of the three administrative 

units was informed by the fact that they are usually the most affected by floods and drought 

in Garashi Ward. Furthermore, the three administrative units were easily accessible. 

Proportionate stratified random sampling was used to select 96 households for the study. 

To determine the sample size, the Fischer’s formula was employed, 

 

where, 

n = Sample size 

Z = Normal deviation at the desired confidence interval (95% with a Z value of 1.96) 

P = Proportion of the population with the desired characteristic (0.5 was used) 

Q = Proportion of the population without the desired characteristic (1-P) 

I2 = Degree of precision taken at 10% (0.1) 

 

As such, the sample size was n = (1.96) (1.96) * 0.5 (1-0.5) / (0.1) (0.1) = 96. 

 

The target population was stratified into the three selected administrative units of Garashi. 

These are Mikuyuni, Masindeni and Singwaya. The number of households to be included 

in the sample in each of the three administrative units was then determined proportionately 

as summarized in Table 3.1. 
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Table 3. 1: Sampling procedure 

Sub-location No. of households Sample size 

Mikuyuni 432 42 

Singwaya 305 30 

Masindeni 251 24 

Total 988 96 

Source: Researcher, 2018 

 

From each stratum, households to be included in the survey were selected systematically 

using a sampling frame generated from the areas’ administrative Assistant Chiefs through 

the “Nyumba Kumi”, disaster management, and relief food distribution lists. 

 

In addition, four key informants were purposively selected for key informant interviews. 

The first key informant was the County Drought Response Officer at the National Drought 

Management Authority (NDMA). A representative from NDMA was key to this study 

because the agency is mandated by the Government of Kenya to ensure that drought does 

not occur in emergencies, issues early warning bulletins for floods and drought for 

alertness, and that effects of environmental changes are mitigated across Kenya. The 

second informant was the Nutrition Program Coordinator, Kenya Red Cross Society 

(KRCS) who was selected due to being on the forefront of emergency response efforts due 

to the April 2020 floods in Magarini sub-county. Kenya Red Cross Society implements a 

disaster risk component in the study area and was the lead in disseminating updates on the 

flood response activities by partners, hence provided data on extent of damages by floods 

on households, including pictures used in this study. The third key informant was the 

Assistant Chief of Masindeni sub-Location. The researcher, area Chief and three assistant 

chiefs from Masindeni, Singwaya and Mikuyuni held a consultative meeting where the 

assistant chief from Masindeni was selected because he had been actively taking part in 

emergency response efforts in the community and would therefore provide the most 

accurate information for this study. The fourth key informant was Program Coordinator for 

UNDP-funded projects at NDMA and he was selected because of his extensive background 

knowledge of flood and drought monitoring in the study area.  
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3.2.2 Sources and Methods of Data Collection 

Table 3.2 gives a summary of the sources and methods of data collection by objective. 

Generally, both primary and secondary sources of data were used. The collection of 

primary data was largely through household interviews using a standardized pre-coded 

questionnaire. In addition, there was in-depth interviews, key informant interviews and 

direct field observations. On the other hand, collection of secondary data involved 

reviewing and utilization of existing literature and publications relevant to the study 

problem. Two enumerators were trained to help in the household interviews (Plates 3.1 and 

3.2), while the researcher participated in both household and key informants’ interviews 

(Plate 3.3). 

 

Table 3. 2: Sources and methods of data collection 

Research objective Data sources  Methods of data collection 

Trend of flood and 

drought occurrence 
 Head of households 

 Officials from NDMA, 

KRCS & UNDP 

 Area Chief 

 Press reports 

 Household interviews 

 Key informant interviews 

The impact of flood 

and drought to 

households 

 Head of households 

 Officials from NDMA, 

KRCS & UNDP 

 Area Chief 

 Press reports 

 Household interviews 

 Key informant interviews 

 Observation 

Households’ coping 

and adaptive 

strategies to flood and 

drought impacts 

 Head of households 

 Officials from NDMA, 

KRCS & UNDP 

 Area Chief 

 Press reports 

 Household interviews 

 Key informant interviews 

Households’ 

vulnerability to flood 

and drought risk 

 Head of households 

 Relevant literature 

 Household interviews 

Source: Researcher, 2018 

 

During the process of data collection, the researcher took into account the following ethical 

issues: voluntary participation, confidentiality of information and informed consent on the 

respondent. 
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Plate 3.1: RA 1 Household interview in Garashi 

 

Source: Field work 

 

Plate 3.2: RA 2 Household interview in Garashi 

 

Source: Field work 
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Plate 3.3: Key informant interview in Garashi 

 

Source: Field work 

 

3.2.3 Data Analysis 

The filled questionnaires were checked and subjected to a close scrutiny for inconsistencies 

and errors before data entry, cleaning and analysis. Descriptive statistics were then 

generated for quantitative data. The qualitative data was analyzed through content analysis. 

Table 3.3 gives a summary of the methods of data analysis by research objective. 

 

Table 3. 3: Data analysis methods for each objective 

Research Objective Data Analysis Methods 

Trend of flood and drought occurrence  Content analysis 

The impact of flood and drought to 

households 
 Descriptive statistics 

 Content analysis 

Households’ coping and adaptive 

strategies to flood and drought impacts 
 Descriptive statistics 

 Content analysis 

Households’ vulnerability to flood and 

drought risk 
 Vulnerability Index 

Source: Researcher, 2018 

 

Vulnerability is dependent on capacity, exposure and sensitivity (IPCC, 2012b). This is 

expressed as V= f (E, S, C), where V = Vulnerability, E = Exposure, S = Sensitivity, C = 
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Capacity. Based on this, six exposure indicators, seven sensitivity indicators, and six 

capacity indicators were used to calculate the vulnerability index (Table 3.4). 

 

Table 3. 4: Vulnerability variables and indicators 

Variable Indicators 

Exposure 1. Household size 

2. Recent frequency of drought/flood 

3. Previous frequency of drought/flood 

4. Number of income earners in household 

5. Number of men in household 

6. Female-headed households 

Sensitivity 1. Main source of income 

2. Dependency ratio 

3. Damage to agricultural assets 

4. Damage to non-agricultural assets 

5. Socio-economic disruptions 

6. Access to lifelines 

7. Health impacts 

Capacity 

 

1. Level of education of household head 

2. Level of preparedness for impacts 

3. Diversified sources of income 

4. Availability and circulation of emergency plans 

5. Knowledge on ways to improve resilience 

6. Ability to resume normal livelihood activities after disaster 

Source: Researcher, 2018 

 

The indicator-based vulnerability assessment is recognized as a suitable method for 

evaluating population groups at national, regional, community, household and individual 

levels (UN/ISDR, 2005). 

 

A five-point Likert Scale was applied to evaluate the respondents’ responses to the 

indicators (data variable measurement). The scales include 1) very high; 2) high; 3) 

moderate; 4) low; and 5) very low. Weights varying from 0.2 to 1 were assigned to each 

response, where 0.2 is the lowest level of household vulnerability and 1 is the highest 

vulnerability level (Table 3.5). 
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Table 3. 5: Level of data variable measurement 

Disaster Risk 

Component 

Levels of Measurement using Weights 

1 0.8 0.6 0.4 0.2 

Exposure Very High High Moderate Low Very low 

Sensitivity Very High High Moderate Low Very low 

Capacity Very High High Moderate Low Very low 

Source: Researcher, 2018 

 

The Weighted Average Index (WAI) for each data variable (exposure, sensitivity and 

capacity) was then computed using the formula below: 

 

WAI =
𝑊1  + 𝑊2  + … … 𝑊𝑖

n
= =  ∑

𝑊𝑖

n

𝑛

𝑖
   

 

Specifically, for each index (exposure, sensitivity, and capacity), the weighted sum of all 

the wights was divided by the total number of weights in that index as shown below: 

 

𝐸𝐼 =
∑ 𝐸𝑊𝑖𝑛

𝑖

𝑛
, 𝑆𝐼 =

∑ 𝑆𝑊𝑖𝑛
𝑖

𝑛
, 𝐶𝐼 =

∑ 𝐶𝑊𝑖𝑛
𝑖

𝑛
 

 

The Vulnerability Index (VI) was then calculated for both floods (FVI) and drought (DVI) 

using the Exposure Index (EI), Sensitivity Index (SI) and Capacity Index (CI). That is, FVI 

= EI x SI/CI and DVI = EI x SI/CI. This methodology was selected because it distinguishes 

various identified characteristics at each scale, and hence offers a more in-depth analysis 

and interpretation of local indicators (Balica, 2012b). 
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CHAPTER FOUR: RESULTS AND DISCUSSION 

 

This chapter presents the results of the study based on the four specific objectives to: 1) 

establish the trend of flood and drought occurrence in Garashi Ward; 2) determine the 

impact of flood and drought to households in Garashi Ward; 3) assess the households’ 

coping and adaptive strategies to flood and drought impacts; and 4) analyze the households’ 

vulnerability to flood and drought risk. 

 

Responses were scaled as very high, high, moderate, low and very low, in terms of 

vulnerability to floods and drought (Table 4.1). Each scale was then weighted as follows: 

very high = 1, high = 0.8, moderate = 0.6, low = 0.4 and very low = 0.2; where 0.2 is the 

lowest level of household vulnerability and 1 is the highest vulnerability level. 

 

Table 4. 1: Determinants of scales used to weight indicators of vulnerability 

Indicator Determinants 

Exposure: 
Household size 

 11+ (very high); 8-10 (high); 5-7 (moderate); 2-4 

(low); 1 (very low) 

 The higher the household size the more vulnerable it 

is to disaster impacts 

Recent frequency of 

drought/flood 
 Less than 3 months ago (very high); 3-6 months ago 

(high); 7-11 months ago (moderate); 1-2 years ago 

(low); 3+ years ago (low) 

 The more recent the occurrence the more vulnerable 

the household is to disaster impacts 

Previous frequency of 

drought/flood 
 Within past 6 months (very high); 7-11 months ago 

(high); 1-2 years ago (moderate); 3 years ago (low); 

4+ years ago (very low) 

 The shorter the duration between two disaster events 

the more vulnerable the household is to disaster 

impacts 

Number of income 

earners in household 
 0 (very high); 1 (high); 2-4 (moderate); 5-7 (low); 

8+ (very low) 

 The more the income earners the less vulnerable the 

household is to disaster impacts 

Number of men in 

household 
 0 (very high); 1 (high); 2-4 (moderate); 5-7 (low); 

8+ (very low) 

 The more the number of men the less vulnerable the 

household is to disaster impacts 
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Indicator Determinants 

Female-headed 

households 
 All the female-headed households were considered 

as very vulnerable to disaster impacts 

 All the male-headed households were considered as 

having low vulnerability to disaster impacts 

Sensitivity: 
Main source of income 

 If the main source of income is natural resource-

based then the household is very vulnerable to 

disaster impacts 

Dependency ratio  10:1 (very high); 10:3 (high); 5:1 (moderate); 5:2 

(low); 2:1 (very low) 

 The higher the dependency ratio the more vulnerable 

the household is to disaster impacts 

Damage to agricultural 

assets 
 The more the impacts mentioned by household the 

more vulnerable the household is to disaster impacts 

(loss of all livestock, crops and food reserves = very 

high) 

Damage to non-

agricultural assets 
 The more the impacts mentioned by household the 

more vulnerable the household is to disaster impacts 

(loss of all household property, including housing 

structure = very high) 

Socio-economic 

disturbances 
 The more extreme the disturbances the more 

vulnerable the household is to disaster impacts (very 

long average disturbances to water sources, 

reduced/lost income for an extended period = very 

high) 

Access to lifelines  The more limited the access to lifelines the more 

vulnerable the household is to disaster impacts 

Damage to health  The more life-threatening the impact is, the more 

vulnerable the household is to disaster impacts 

Capacity: 
Level of education of 

household head 

 no education (very high); ECD (high); primary 

(moderate); secondary (low); tertiary (very low) 

 The more educated the household head the less 

vulnerable the household is to disaster impacts 

Level of preparedness 

for impacts 
 The more sustainable methods employed by 

household the less vulnerable the household is to 

disaster impacts 

Diversified sources of 

income 
 The more the sources of income the less vulnerable 

the household is to disaster impacts 

Availability and 

circulation of 

emergency plans 

 The more the sources of information on disaster 

preparedness the less vulnerable the household is to 

disaster impacts 

Knowledge on ways to 

improve resilience 
 The more frequent the household receives 

information on disaster occurrence, the less 

vulnerable the household is to disaster impacts 
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Indicator Determinants 

Ability to resume 

normal livelihood 

activities after disaster 

 The longer it takes for a household to resume its 

normal activities after disaster, the more vulnerable 

the household is to disaster impacts 

Source: Researcher 

 

4.1 Factors Influencing Vulnerability of Households to Floods and Droughts 

The research findings identified three broad categories of factors influencing the 

vulnerability of households to floods and drought risks. These are 1) alternating flood and 

drought experience by households; 2) characteristics of heads of households (gender and 

education level); 3) household characteristics (household size, number of men in the 

household, number of income earners, main and secondary sources of income, and 

dependency ratio of household size to income earners). 

4.1.1 Alternating Flood and Drought Experience by Households 

4.1.1.1 Households’ Flood Experience 

Respondents were asked to state the last time they experienced floods in their village. All 

the households responded that they had experienced floods in the last three and six months 

before the survey. Before this occurrence, they had experienced another set of serious 

floods more than five years ago.  

 

Respondents reported that the April 2018 floods were among the worst records of flood 

occurrences in the area since the El nino floods in 1997. They added that although the area 

is prone to flooding when it rains, the water volume is usually low; people, livestock and 

property are not usually affected; and the inundated areas dry up within two weeks. 

According to the respondents, the recent floods had a high velocity and volume; transported 

silt from the riverbank to their farms and homes; swept away property and livestock; and 

that some areas were still inundated in August 2108, five months after the floods. 

 

In reference to table 4.1 above, the recent frequency of floods in Garashi area was less than 

three months ago, indicating a very high vulnerability of households in Garashi to flood 

risks. However, prior to this flooding event, the previous incident was more than 3 years 

ago, which is a determinant of low household vulnerability to flood risks.  
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4.1.1.2 Households’ Drought Experience 

Respondents were also asked to state the last time they experienced drought in their village. 

The recent flood experience was between six and 11 months prior to the study according 

to 10% of the respondents (Figure 4.1). Also, 80% (72) of the households reported that 

they had experienced drought in the last one and two years prior to the recent incident. 

 

Figure 4. 1: Drought occurrence in Garashi Ward 

 

Source: Researcher, 2018 

 

The Assistant Chief of Masindeni sub-location reported that the study area experienced 

prolonged drought for close to five years prior to the flooding experience. He added that 

this resulted in very low crop yields compared to around seven years ago prior to the onset 

of drought. According to an official from the National Drought Management Authority, 

Kilifi County experienced severe drought for two months in 2016. In 2017 the situation 

further worsened with drought extending for seven months. There was an improvement in 

2018 when the county experienced moderate drought. 

The recent drought experience of between six and eleven months prior to the study is a 

determinant of a high vulnerability of households to drought risks. Also, the finding that 

there is a short duration between the recent and previous drought experience by households 

indicates a very high vulnerability to drought risks in the area. 

0 10 20 30 40 50 60 70 80 90 100

6-11 months ago

1-2 years ago

3 years ago

3-4 years ago

5+ years ago

% Responses

Drought Occurence in Garashi Over 5 Years



 
 

36 

 

These findings on drought and flooding experiences in Garashi area were corroborated by 

an official from NDMA who reported that the organization collects information on early 

warning in Kenya for all counties, through remote sensing for biophysical indicators and 

sentinel data for socio-economic data. He further said that this information is collected 

daily at the households and continuously using satellite placed at University of Boku, 

Austria. The information is used to map drought and flood occurrences in the specific area, 

in this case Kilifi County. An official coordinating UNDP-funded projects at NDMA added 

that although the organization’s focus is drought, it is highly related to floods since they 

are all climate-related hazards. This means the satellite imagery collects all information 

related to drought and floods in the area. 

An analysis of the satellite imagery information for Kilifi County shows that in 2015, the 

early warning stage was normal with a stable trend (NDMA, 2015). The situation 

deteriorated in 2016 when the county experienced drought for two months. The early 

warning stage for that year was consequently classified as alarming, with a deteriorating 

trend (NDMA, 2016). In 2017, the situation further worsened, with Kilifi County 

experiencing drought for seven months. Extreme drought was recorded for the first five 

months (January to May), but the situation improved in June and July (NDMA, 2017).  

There was improvement in early 2018 when the county experienced moderate drought. 

However, in mid-2018, above normal wet conditions were recorded in the county 

indicating flooding conditions (NDMA, 2018).  

 

This data from satellite images of Kilifi County collected by NDMA between 2015 and 

2018 corroborates with data collected during this study in August 2018, which shows that 

Garashi area was experiencing drought between 2014 and early 2018, followed by an onset 

of floods in the area in mid-2018. An official from KRCS also adds that the organization 

collects information on hazard occurrence, but this is done depending on the occurrence 

and is informed by the need. This information is collected during periodic field visits and 

forums such as community review meetings, stakeholder platforms like County Steering 

Groups, monthly reports (NDMA bulletin) and weekly sitreps (24 to 72-hour emergency 

forms that feed into the situational analysis). 
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An official from UNDP further reported that some areas like Garashi that were not 

previously mapped to have a very prevalence to drought or floods have now become more 

vulnerable to these hazards, and the maps need to be revised to include these areas. He 

further adds that coming up with a system that triggers a warning when there is a disaster 

is challenging because hazards are highly unpredictable. 

In Kilifi County, some areas receive annual rainfall of less than 500mm, hence resulting in 

periodic drought in the region. Since 1981, the county has shown changes in climate with 

the first wet season experiencing a two degrees Celsius increase in mean temperature and 

a 20 percent decreasing order of precipitation. Future projections to the years of 2021-2065 

predict extreme precipitation and prolonged moisture stress in the county. This implies 

increased drought risk in the first season (January-June) and increased flood risk in the 

second season (July-December) (GOK, 2016). 

Further literature indicates that clear trends should not be expected when it comes to natural 

disasters due to the high level of unpredictability (Thomas & Lopez, 2015). 

 

4.1.2 Characteristics of Heads of Households 

4.1.2.1 Gender of Heads of Households 

62% of the sampled households were headed by a male while 38% were headed by a 

female. All the female-headed households were considered as very vulnerable to disaster 

impacts while all the male-headed households were considered as having low vulnerability 

to disaster impacts. 

Gender plays a significant part in determining who is affected by disasters. In the event of 

a disaster, households headed by females are 1.6 times more likely to be food insecure 

compared to those headed by males (FAO, 2014). However, if both men and women are 

included in disaster resilience trainings, then the household resilience can be improved 

(UN/ISDR, 2015). Women are the ones who take care of those affected, like the injured, 

elderly and sick. Women’s vulnerability is also increased when they become the bread 

winners and are more likely to experience post-disaster stress which is mainly attributed to 

various factors (WHO, 2002). 
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Women have less physical strength compared to men when it comes to re-construction and 

repair of damaged shelters. Also, women lack skills such as tree climbing and swimming 

that are traditionally taught to men (IFRC, 2010). This will reduce their adaptive capacity 

and lengthen the period it takes for them to recover from disaster impacts. Also, women 

living in communities where cultural practices exclude them from decision-making are at 

a higher risk of being left out of post-recovery planning process (UNDP, 2010). 

 

This often results in their needs being unmet, further aggravating the impact of the disaster. 

For instance, women may refuse to relocate to the displacement area because they do not 

feel it is secure or private enough in terms of bathing or sleeping areas. Their families may 

end up staying in worse conditions for a longer period, hence at a greater risk of developing 

post-disaster stress (FAO, 2016b). 

 

4.1.2.2 Education Level of Heads of Households 

57% of the household heads had attained a primary level education, 29% had attained no 

formal education, 12% had attained secondary education, while 2% had attained ECD 

education (Figure 4.2). Furthermore, none of the household heads had attained a tertiary 

level education. This could complicate the possibility of building the capacity of 

households on disaster risk reduction through formal training. 

 

Figure 4.2: Education level of household head 

 

Source: Researcher, 2018 
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The more educated the household head, the less vulnerable the household was to floods 

and droughts risks. In instances where the household head has attained tertiary level 

education, then the household was considered to have a very low vulnerability to floods 

and droughts risks, hence none of the households in the study area had a very low 

vulnerability to floods and droughts in relation to this indicator. However, 29% of 

households where the head had not received any formal education were considered to have 

a very high vulnerability to households.  

 

A further analysis by gender revealed that female heads of households tend to be less 

educated than their male counterparts (Figure 4.3). 

Figure 4. 3: Household heads’ level of education by gender 

 

Source: Researcher, 2018 

 

A case study of Vietnam shows that the education level of the family head has a significant 

impact on both flooded and non-flooded households (Le, 2015). Having a family head with 

a higher education level (secondary or tertiary) can contribute to increased income per 

capita of a household, while household heads with a primary level education or lower 

worsens the level of income earned in the household. This is because well-educated family 

heads have a higher chance of acquiring better paying jobs or skills to generate more 

income, hence improving the living standards of the family. This increase the family’s 
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capacity to recover from impacts of floods within a shorter period compared to families 

without adequate resources required to cope with the floods (Le, 2015). 

 

4.1.3 Household Characteristics 

4.1.3.1 Household Size and Number of Men per Household  

Figure 4.4 reveals that the sampled households have generally large household sizes. About 

90% of the households have five or more members, while the rest have between one to four 

household members. Furthermore, about 90% of the households have two or more adult 

males, while only two percent of households lack an adult male. 

 

Figure 4. 4 Household size 

 

Source: Researcher, 2018 

The higher the household size, the more vulnerable the household is to flood and drought 

risk. 29% of households have more than 10 people indicating a very high vulnerability to 

flood and drought risks. Only 1% of households have 1 person, indicating a very low 

vulnerability. The higher the number of men in a household, the less vulnerable the 

household is to flood and drought risk. 

 

4.1.3.2 Household Income Earners  

Figure 4.5 shows that 12% of the households did not have an income earner, 57% had one 

income earner, while 31% had an average of three income earners. 
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Figure 4. 5: Household income earners 

 

Source: Researcher, 2018 

The more the income earners, the less vulnerable the households are to floods and drought 

risks. 12% of the households with no source of income have a very high vulnerability while 

the vulnerability of 31% of households is moderate. Households comprising of more 

members and few income earners have a higher rate of expenditure thus increasing their 

likelihood of poverty. This makes the households less resilience and hence suffer a greater 

loss in the event of a disaster (GREDEG, 2015). 

 

4.1.3.3 Household’s Main Source of Income  

The main source of livelihood for households in the study area is subsistence agriculture, 

where households grow crops and rear few livestock for food (Figure 4.6). 

 

Figure 4.6: Household’s main sources of income 

 

Source: Researcher, 2018 
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The secondary source of income for most households is agricultural labour in other 

people’s farms (Figure 4.7). The high dependency on farming as a main and/or secondary 

source of income increases the vulnerability of these households to the impact of floods 

and drought. 

 

Figure 4. 7: Household’s secondary sources of income 

 

Source: Researcher, 2018 

 

4.1.3.4 Dependency Ratio of Household Size to Source of Income  

Figure 4.8 presents the dependency ratios of household size to source of income. 26% of 

the households have a dependency ratio of 10:1, implying that there are ten people 

depending on one person’s source of income in these households. This indicates that these 

26% of households have a very high vulnerability to households (table 4.1). Only 5% of 

the households in the study area have a dependency ratio of 2:1, indicating a very low 

vulnerability to flood and drought risks. High dependency ratios could exacerbate the 

length of time taken by households to recover from flood and drought. This is especially 

where families lose the main source of livelihoods due to flooding or drought events, and 

have to rely on relief aid, or alternative sources of income for survival. 
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Figure 4. 8: Dependency ratios of household size to sources of income 

 
Source: Field work 

 

A study sampling 157 rural households in India shows that high dependency rations make 

households more vulnerable to disasters (Sam et al., 2015). This is because high levels of 

dependency contribute to poverty, which is a major risk factor to vulnerability. Poverty 

reduces the adaptive capacity of households, hence increasing the time taken by households 

to recover (Verner et al., 2018, 2016; FAO, 2016a). 

 

Another study shows that poor people are the most affected with the harmful effects of 

floods and drought because they lack the capacity to prepare and cope with the 

consequences of the disturbances (Oxfam, 2010). The study further equates poverty and 

vulnerability as two sides of the same coin, because limited access to natural resources and 

low standards of living exposes households, hence making them more vulnerable to floods 

and droughts risks. 

 

Further literature shows that social factors such as education, poverty and health are key 

causes of vulnerability (Fothergill et al., 1999; Adger et al., 2004; Vincent, 2004; Brooks 

et al., 2005) because they are related to distribution of resources (Blaikie et al., 1994). 

Social diversity, in the availability of and access to resources, makes certain groups more 

exposed to risk and less capable of adapting (Adger et al., 2004, Smit and Wandel, 2006). 
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4.2 Consequences of Floods and Droughts in Garashi Ward 

The research findings identified four broad categories of consequences of floods and 

droughts to households in the study area. These are 1) damage to agricultural assets (crops, 

crop yields, livestock, food reserves and agricultural land); 2) loss and reduction of 

household income and livelihood sources; 3) disruption of normal life and access to 

lifelines, including school disruption; and 4) spread of diseases, human weakness and loss 

of lives. Additional losses specific to floods that were identified include 5) damage to 

houses and household property. In the instance where a household reports all the above 

categories, then this is interpreted as a very high extent of losses caused by floods and 

drought to the household. Over three quarters of respondents reported a ‘very high’ extent 

of losses to their households, livelihood and well-being by both floods and droughts (Figure 

4.9). 

 

Figure 4. 9: Extent of damages caused by floods and droughts to households 

 

Source: Researcher, 2018 
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uncultivatable (Plates 4.1 and 4.2). Food reserves for most households were also damaged 

and/or swept away by floods. 

Plate 4.1: Submerged crops in Masindeni area 

 

Source: Courtesy of KRCS, August 2018 

 

Plate 4.2: Partially submerged livestock in Mikuyuni area 

 

Source: Courtesy of Wish FM on Twitter, 24 April 2018 

 

According to some of the respondents: 

“I lost 14 goats, 20 chicken and 10 ducks. Also, I had grown maize, cowpeas, green 

gram, banana trees, brinjals and green pepper on my farm and all these crops were 

swept away by the floods. To make it worse, two thirds of the farm is covered by 
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water so I cannot even grow more crops” – Female respondent, Mwananyamala 

village, Mikuyuni. 

“I lost 4 cattle, 11 goats and more than 200 chickens. All the food that I had stored 

was washed away as well as the crops I had grown on our farm which include 

coconut trees, maize, tomatoes, brinjals and mango trees” – Male respondent, 

Zhongwani village, Mikuyuni. 

 

“Four acres of our farmland now forms part of the river due to the floods. I cannot 

cultivate crops anymore. The remaining part of the farm is covered in soil, so it has 

been rendered useless now. I also lost 11 ducks, 5 chicken and 10 goats as they 

were swept away by the floods” – Female respondent, Kadzitsoni village, 

Singwaya. 

 

Drought on the other hand resulted in crop failure due to insufficient rainfall and extremely 

high temperatures for a period of nearly five years (Plate 4.3). According to some of the 

respondents: 

 

“All crops dried up and hence were not edible, for example bananas, so food was 

really scarce” – Male respondent, Mwananyamala village, Mikuyuni. 

 

“The drought caused all crops and pasture to dry up” – Female respondent. 

Kadzitsoni village, Singwaya. 
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Plate 4.3: Crop failure at Bora Imani 

 

Source: Courtesy of Daily Nation, 24 February 2018 

Furthermore, prolonged drought led to water sources drying up and a sharp decrease in 

pasture for livestock. Consequently, livestock were malnourished and in extreme cases, 

died of starvation and dehydration (Plate 4.4). According to some of the respondents: 

 

“We lost 40 cows due to lack of pasture during drought” – Male respondent, 

Singwaya village, Singwaya. 

 

“There was food scarcity, since there is a shortage of water to grow crops. The 

water is also not enough for our livestock and pasture dried up, so most of the herd 

died of starvation” – Male respondent, Mikanangweni village, Masindeni. 

 

“Drought has affected us for the past six years, and crops die due to lack of rainfall. 

As a result, there is lack of grass for livestock. Even the food residues that cows 

feed on are not enough due to crop failure” Female respondent, Kadzitsoni village, 

Singwaya. 
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Plate 4.4: Effect of drought in Garashi  

 

Source: Courtesy of Baraka FM, 2 February 2017 

 

A study on the impact of floods and droughts on rural livelihoods in Malawi reveals that 

the most immediate impact of sudden and intense floods and reduced precipitation is on 

crop production (Devereux, 2006). Floods and droughts weaken crop yields and harvests, 

and this reduces availability of food in the household, depending on the extent that the 

family relies on agricultural income. The study further shows that more diversified 

households are less vulnerable to these impacts of floods and droughts, as long as their 

secondary sources of income are not dependent on rainfall, or indirectly reliant on 

agriculture (Devereux, 2006). 80% of the households in Garashi practice farming as their 

main source of income (figure 4.7). The alternative source of income for more than 50% 

of the households is still agriculture-dependent (figure 4.8). This implies a high 

vulnerability of the families in the study area to impacts of floods and droughts. In the long 

run, the existence of risk lowers the productivity of rural economies by reducing the 

households’ returns to investment. This discourages households to invest in agriculture 

because the returns are low, and the farmers have become risk averse. These risks posed 

by floods and drought lead to agriculture stagnation and rural poverty in countries that are 

hugely dependent on rain-fed agriculture (Dorward and Kydd, 2002). 
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4.2.2 Loss and Reduction of Household Income 

Since the main source of income for most households is farming, the loss of livestock, low 

crop yields and harvests resulted in reduced and loss of household income. Respondents 

mentioned that the floods washed away or destroyed farm equipment, and this has led to 

an increase in cost of production, resulting in a reduction of household income. Farmlands 

that were rendered uncultivable led to a decline in income opportunities for households 

that mainly relied on agricultural labour. In addition, respondents who are formally 

employed or run small businesses reported that the time spent in relocating and waiting for 

flood water to subside resulted in loss of productive time that could have been used in 

generating more income for their households. 

 

Even though Garashi is a low-lying area that is susceptible to floods, it is inhabited by a 

high number of households. Studies have shown that flood plains attract human settlements 

due to the high potential for agriculture (Jinadu, 2014). The types of losses mentioned by 

the respondents in this study resonate with studies on the impact of downstream flood 

disasters (Foster et. al., 2008; Gwimbi, 2009), which have shown the negative effects to 

include soil degradation, damage to crops, destruction of property, and poor health. 

Furthermore, households comprising of more members and few income earners have a 

higher rate of expenditure thus increasing their likelihood of poverty. This makes the 

households less resilience and hence suffers a greater loss in the event of a disaster 

(GREDEG, 2015). 

 

Damages caused by drought on agricultural assets led to a decline in household income 

and livelihood sources for households depending mainly on agriculture-based resources. 

Respondents reported that crops had lower yields; animals weighed less hence fetched 

lower prices at the market; employment opportunities on farms were scarce due to 

unproductive farms; and children had to drop out of school to look for work to supplement 

the household income. According to some of the respondents: 

“We experienced drought for the past five years and this led to a loss in jobs on 

farms since crops could not grow. The household income was low because the 

livestock were malnourished hence cannot be sold at the market. The crops all dried 
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up so we had none to sell or eat. This led to long periods of hunger for the family, 

and we had to depend on wild fruits to survive” – Female respondent, Nuru village, 

Mikuyuni. 

 

“Drought increased the level of poverty for our family since crops don’t grow due 

to water shortage. We lost our livestock, and this means lost income because we 

don’t have any cattle to sell” – Male respondent, Mtsungutsunguni village, 

Singwaya. 

 

“We lost our livestock that were the main source of income when we sell milk or 

calves at the market. The household income was low, and the children had to drop 

school to look for work so the money can substitute the little money we get” – 

Female respondent, Kadzitsoni village, Singwaya. 

 

Farmers who produce substantially fewer crops to sustain the family often resort to 

alternative sources of income, mostly non-farm employment to supplement the main source 

of income (Devereux, 2006).  Furthermore, the impacts of floods and droughts on small 

businesses are usually negative in rural labour markets. This is because the disposable 

household income has reduced hence services such as barbershops and grocery shops do 

not get many customers. This argument is supported by a study that introduced the concept 

of derived destitution, which illustrates how shocks such as drought endanger the 

livelihoods of households whose main source of income is indirectly dependent on 

agriculture (Sen, 1981). 

Since most farms cannot be cultivated during droughts and floods, work that is available 

on farms is no longer available; the labour supply goes up while the demand goes down. 

Also, since there are reduced crop yields and harvests, food prices go up resulting in more 

household expenditure on food, which is a necessity (Devereux, 2006). Livestock farmers 

are especially most affected during drought since the cattle they sell or exchange for food 

stuffs is worth only a small fraction of the price they would have fetched prior to the 

drought (Swift and Hamilton, 2001). Garashi area has experienced prolonged periods of 

drought and this could aggravate the area’s poverty rate of 70.8% which is already higher 
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than the national rate of 45%. If left unchecked, the increasing poverty levels will reduce 

the capacity of households to cope and adapt to impacts of floods and droughts. 

 

4.2.3 Disruption of Normal Life and Access to Lifelines 

During the flooding season, households in Garashi area were filled with water and the 

supporting structures were either damaged or swept away. Displaced households were 

forced to relocate to the nearest displacement camps set up in their area (Plate 4.5). The 

prolonged inundation of flood water resulted in limited access to water, toilet amenities 

and means of transport to different regions. The respondents reported that floods destroyed 

toilets and water storage facilities. In addition, most of the fresh water sources were 

contaminated with wastewater transported by the flash floods and was not fit for human or 

livestock consumption. In most areas, flood water was very deep and therefore hindering 

movement, especially when someone needed urgent medical help (Plate 4.7). The flooded 

water also disrupted school activities since children could not access the school premises. 

According to some of the respondents: 

“The nearest school is flooded, and all classrooms are destroyed by the heavy 

rains. Children have to walk long distance to school which poses a challenge to 

children under seven to attend. School performance also goes down since they are 

psychologically affected by the harsh conditions they are facing” – Male 

respondent, Mikanangweni village, Masindeni. 

 

Plate 4.5: A temporary camp in Garashi Secondary School 
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Source: Courtesy of KRCS, August 2018 

 

Plate 4.6: Flooded road in Garashi 

 

Source: Courtesy of Daily Nation, 17 March 2018 

 

According to one of the respondents, 

“Our family was displaced, and we moved to the Chief’s camp where we are getting 

shelter, food and clothing. The children missed school for three months and when 

we moved, they had to join another school. The teachers here now force them to 

repeat class and it has really affected them. They don’t have the joy of going to 

school or working hard in their studies” – Male respondent, Mtsungutsunguni 

village, Singwaya. 

 

Drought on the other hand caused a very high social disturbance in 48 percent (46 out of 

96) of the sampled households. The disturbances include women walking for long distances 

in search of relief food (Plates 4.7) and water; men leaving their families to search for 

alternative sources of income in urban areas; change in gender roles since women now take 

on roles formerly perceived to be men’s such as digging trenches and building roads due 

low returns from agricultural; and children dropping out of school for lack of fees. 
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Plate 4.7: Walking to a food distribution center in Magarini 

 

Source: Courtesy of Daily Nation, 27 February 2018 

 

According to some of the respondents: 

“During drought, food is scarce, and we always depend on donations. Water is also 

scarce, and women have to walk for long distances get water from the river” – 

Male respondent, Vugulani village, Mikuyuni. 

 

“The long dry spell made women take on jobs previously perceived to be done by 

men. Women now dig trenches and build roads. Majority of women are enrolled in 

the ACK program of constructing roads. This enables our wives to support the 

family’s income” – Male respondent, Mtsungutsunguni village, Singwaya. 

 

“There was lack of food and the family stays for days without eating. There is also 

lack of clean water for drinking. Women have to walk for long distances to look for 

water and relief food, and this make them weak” – Female respondent, 

Mwananyamala village, Mikuyuni. 

Several studies have defined social vulnerability as the ability of people to cope, survive, 

adapt and recover from the impacts of natural hazards such as floods and droughts (Wisner 

et al., 2004; Blaikie et al., 1994; Canon et al., 2003). Emergency situations such as sudden 
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flooding and drought can be extremely disruptive, stressful and traumatic time for those 

affected. Entire communities can be relocated, family and friends divided, homes, 

livelihoods and, most likely, lives can be lost. In the outcome of such events, families may 

experience a range of physical, behavioural and psychological responses that, while 

entirely natural, can considerably affect their ability to cope with the condition (ARC, 

2015). This therefore increases their social vulnerability to floods and droughts risks. 

Social impacts happen over a long period of time and are difficult to determine, because 

they could be at times perceived as a way of life. 

 

4.2.4 Spread of Diseases, Human Weakness and Loss of Life 

Additional consequences of floods in the study area was spread of diseases. Due to the 

prolonged inundation of water after flooding, there was an outbreak of water-borne 

diseases such as cholera, malaria and typhoid. Young children were mostly affected 

although many households mentioned that the entire family was affected by the disease 

outbreaks. Respondents further reported that loss of food reserves, livestock and crop 

damage led to food scarcity, threatening food security in the households. This exacerbated 

the cases of malnutrition among young children that had been caused by extreme hunger 

during the drought period. 

 

Furthermore, children were also psychologically affected due to the displacement by floods 

and had to adjust to living in the temporary shelters before eventually moving to their newly 

re-built homes. Loss of school uniform, textbooks and exercise books also disoriented 

children mentally, as this was an abrupt change they had to deal with. According to some 

of the respondents: 

“All our children were infected by malaria due to the stagnant water surrounding 

our house. This is a good breeding place for mosquitoes and since the area has 

remained flooded for long, there are so many mosquitoes everywhere" - Female 

respondent, Matesho village, Mikuyuni. 

 

“There was an outbreak of disease like cholera due to the poor sanitation in the 

area after the floods. There was also food scarcity since all our crops were washed 
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away by floods and the children were hungry all the time” – Male respondent, 

Masindeni North Village, Masindeni. 

 

Prolonged drought in Garashi area triggered food security in most households. 

Respondents mentioned that crop failure and loss of livestock led to increased food 

insecurity and participants could stay for an average of two days without food. This led to 

malnutrition especially among young children, who were mainly depending on wild fruits 

for their daily nutrient supply.  

 

Drought also affected the health of most household members in Garashi. Extreme heat 

resulted in a lack of soil moisture and there was a lot of dust in the area for many months. 

This led to the prevalence of a chronic dry cough among the household members. Children 

were also psychologically affected since they had to walk in the scorching sun to school 

on a hungry stomach, yet they were supposed to perform well in their studies. Respondents 

mentioned that the children kept crying due to hunger, thirst, illness or due to the harsh 

conditions. According to some of the respondents: 

 

“Food was scarce during this period. The lack of food to sustain the body caused 

it to be weak hence vulnerable to many diseases. Children have to go to school 

without food and this affects their performance. The family could even stay for three 

days without food. We were often sick and weak, and often sought medical help” – 

Male respondent, Mporojoni village, Mikuyuni. 

“The food scarcity caused children to go to school without food for even two days. 

Children also had to drop from school to look for employment. This affected them 

psychologically, because they are missing school. Those who remained in school 

could also not concentrate because they were hungry,” – Male respondent, 

Mikanangweni village, Masindeni. 

 

In general, floods and droughts have a negative impact on the health and nutrition of the 

affected population (WHO, 2002). Consequences of these emergencies in an area depend 

on the pre-disaster situation of the health system, the public health conditions and disease 
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pattern of the area before the crisis, displacement of people, effectiveness of the disaster 

response in the area (WHO, 2002). Common consequences of floods and drought include 

disability, illness, death, psychological trauma due to displacement, death and illness 

(WHO, 2009). 

 

In 2009, countries in the southern parts of Africa such as Malawi, Zambia, Botswana, 

Angola, Namibia, Mozambique and Zimbabwe experienced severe floods that resulted in 

cholera outbreaks, acute watery diarrhea and loss of lives. Close to 150,000 people were 

affected by the diseases and approximately 4,600 deaths were reported during this period 

(WHO, 2009). 

 

The health sector has in the past mainly focused on response and recovery from flood and 

droughts consequences. This strategy is now shifting to a more proactive approach of 

mitigation and prevention through strengthening the capacity of communities to provide 

timely and effective recovery and response to floods and droughts (WHO, 2011). Health 

systems that are resilient and founded on primary health care at community level can lessen 

underlying vulnerability, protect health facilities and services, and scale-up the response to 

meet the diverse health needs in disasters (WHO, 2011). 

 

4.2.5 Damage to Houses and Household Property 

Damages to non-agricultural assets were specific to floods only and they include entire 

houses being swept away; houses filled with sand or destroyed by floods; loss of household 

property; and loss of important documents (Plates 4.8 and 4.9). According to some of the 

respondents: 

“All property in the house including important documents like birth certificates was 

swept away by floods”– Male respondent, Gogoranamba village, Singwaya. 
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Plate 4.8 Submerged houses in Bore-Singwaya area 

 

Source: (Hartwell, 2018) 

 

Plate 4.9: House destroyed by floods in Bore-Singwaya area 

 

Source: (Hartwell, 2018) 

 

“Our three houses were severely destroyed by the flood water, and we have to re-

build them again” – Female respondent, Mtsungutsunguni East village, Singwaya. 
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“All our household property was destroyed and now we don’t even have beddings 

and cooking utensils. Three of our houses were also completely destroyed so we 

currently lack shelter” – Female respondent, Zhongwani village, Mikuyuni. 

 

The link between changes in climates, occurrence of natural disasters and internal 

displacement is now unquestionable (UNHCR, 2017). Small-scale flooding events that 

lead to local displacement are more common than more profound flooding events affecting 

bigger population sizes. Those that frequently take place in remote, vulnerable or 

marginalized areas are rarely reported due to limited communication and access to these 

areas (IDMC, 2019). 

 

Displacement places communities at more risk of poverty and discrimination and creates 

specific needs among those affected. It also enhances the risks linked with potential natural 

hazards and makes previously existing vulnerabilities worse. Homes and livelihoods are 

damaged, social support networks fall apart and displaced people face intensified 

protection risks such as family separation, gender-based violence and child protection 

challenges. Frequently displaced populations tend to remain displaced for longer periods, 

increasing their risks to consequences of flooding (IDMC, 2019). 

 

In Bangladesh, close to 325,000 people were displaced by floods in 2014, in what was 

termed as the worst flooding event after the extensive flooding in the area in 2007 (Walter, 

2015). In such incidences, the rural poor are most affected since they lack capacity and 

resources needed to help them fully recover in time. Households headed by females, 

dependent on agriculture or those with no land are the most vulnerable during human 

displacement by floods (Walter, 2015). 

 

4.3 Household’s Coping and Adaptive Strategies to Floods and Droughts 

Consequences 

4.3.1 Coping and Adaptive Strategies to Flood Consequences 

The research findings identified six broad categories of coping and adaptive strategies 

employed by households to mitigate losses caused by floods. They are 1) seeking advice 
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from extension officers; 2) reinforcement of houses; 3) migration to less flood-prone areas; 

4) ensuring an adequate food reserve; 5) saving money for emergencies; and 6) 

diversification of income and livelihood sources. In the instance where a household reports 

all the above coping and adaptive strategies, then this is interpreted as a very high level of 

flood preparedness. 

 

Generally, study findings show that there is a very low level of preparedness among 92 

percent of the sampled households to cope with risks associated with floods (Table 4.2). 

There is also a perception among respondents that floods are unpredictable and there is 

little one can do to prepare for them. Furthermore, Garashi area had not received intense 

floods for over 20 years and hence households were not expecting it to happen. 

 

Table 4. 2: Household’s level of preparedness to flood risks 

Level of preparedness Frequency Percentage 

Very low (1 strategy or none) 88 92 

Low (2 strategies) 4 4 

Moderate (3 strategies) 0 0 

High (4 strategies) 0 0 

Very high (5+ strategies) 4 4 

Total 96 100 

Source: Field work 

 

4.3.1.1 Seeking extension services 

Some households reported that they attend meetings held by agricultural officers that 

advise them on the right planting seasons, early maturing crops, and sustainable farming 

practices. However, there are household heads in the study area that do not see the 

importance of regularly attending these meetings and hence are not up to date with the 

flood preparedness messages. They only attend in the event of an emergency. According 

to some of the respondents: 

“Since our farms are filled with sand, we cannot cultivate enough crops for the 

family. We have been advised by government officers on the right crops to plant so 

they can mature early before the rains. Some people do not come for these meetings 

but I think they are important” - Male respondent, Mporojoni village, Mikuyuni. 
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4.3.1.2 Reinforcement of houses 

Only a few of the respondents (5 out of 96) reported that they had reinforced their houses 

to withstand flooding. Although three of the households had used semi-permanent 

materials like sticks to rebuild their houses, one had used bricks to reinforce their houses’ 

foundations, while the other had plastered their walls to make them stronger. According to 

some of the respondents: 

“I have used bricks to strengthen the foundation of my house, since previously it 

was made of mud. This made it weak and as a result it was washed away by floods” 

– Male respondent, Zhongwani village, Mikuyuni. 

 

“We re-built the house using bricks and also plastered the walls (kutomea) to make 

them stronger” - Male respondent, Matesho village, Mikuyuni. 

 

4.3.1.3 Migration to less flood-prone areas 

Majority of households feel that they need to relocate to locations with a higher topography, 

since they are less likely to be affected by future flood occurrences. However, only a few 

respondents had made some steps towards this, since most were waiting for support from 

the government and NGOs to relocate them to different areas and/or support them to re-

build their homes. Three households, all in Vugulani village in Mikuyuni, reported that 

they have bought land in less-flood-prone areas and are in the process of re-building their 

houses. The heads of these households reported that they are staying at the temporary 

camps until they complete constructing their houses. 

 

4.3.1.4 Maintaining adequate food reserves 

Respondents’ strategies to ensure they have adequate food reserves include use of irrigation 

to grow more crops in the highlands; planting more crops to achieve a higher crop yield; 

and building more granaries to store food surpluses. However, some families reported that 

the food reserves are enough to last them only for a month or two, before they can start 

depending on food aid. According to some of the respondents: 

“We have a farm in a different area that was not affected by floods because it is a 

higher region. We used irrigation to grow more crops during the dry season, and 
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this ensured we always had something to eat” – Female respondent, Zhongwani 

village, Mikuyuni. 

 

“We use sack farming to increase food production, since this is more controlled 

compared to many crops on a farm that may fail or be affected by heavy rains” - 

Male respondent, Mporojoni village, Mikuyuni. 

 

4.3.1.5 Saving money for emergencies 

There are households who reported that when the floods occurred, they had a few savings, 

and this helped to cushion them against the negative impacts of the flood. Some households 

use their savings to purchase a plot in higher areas, while others used the savings to cover 

household expenses. Respondents mentioned that their savings helped them to recover 

faster from the flood impacts, although for some it was only for a month or two before they 

started depending entirely of aid from NGOs and the government. 

 

4.3.1.6 Diversification of income and livelihood sources 

Respondents mentioned that their main source of income which is farming and agricultural 

labour was lost or reduced by flood impacts. This means they must resolve to other source 

of income to cover the household needs. The strategies they use include looking for jobs 

in urban areas and starting small businesses to generate more income for family. 

 

The impacts of small-scale disasters such as flash floods that are newly emerging in an area 

are not usually felt nation-wide, but they usually cause serious damage at the community 

level. These new disaster hotspots make the households very vulnerable since they were 

not accustomed to such catastrophes (UN/ISDR, 2012). The knowledge by households on 

how to deal with floods cannot therefore apply to these newly affected areas, since they 

were taken by surprise. For example, in the event of a flood in East Africa, there are more 

cases of Malaria reported in newly flooded areas compared to previously known hotspots. 

Households in the new hotspots are not prepared to defend themselves against malaria 

resulting in loss of lives in the area (UN/ISDR, 2012).  
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In Bangladesh, which is a country prone to frequent flooding, households dependent on 

agriculture resort to reserving all seed types and selling excess poultry and livestock before 

the floods; harvesting fast-growing vegetables and using hay for feeding cattle during 

floods; and vaccinating their livestock, releasing the seedlings reserved pre-floods, 

growing fast-growing vegetables and completing vaccination of livestock after the floods 

(Emran, 2014). 

 

Furthermore, households in areas experiencing less flooding and are better off socially and 

financially are more likely to cope with impacts compared to households in regions with 

high and unexpected flooding (Shitangsu and Jayant, 2009). The households’ ability to 

cope varies with the people’s socioeconomic situations such as income, sources of 

livelihood and education (Shitangsu and Jayant, 2009). 

 

4.3.2 Coping and Adaptive Strategies to Impacts of Drought 

The research findings identified six broad categories of coping and adaptive strategies 

employed by households to mitigate impacts of drought. These are 1) seeking advice from 

extension officers; 2) ensuring an adequate food reserve; 3) saving money for emergencies; 

4) changing the planting season and use of drought resistant crops; 5) adoption of 

alternative sources of water; 6) selling livestock; and 7) diversification of income and 

livelihood sources. In the instance where a household reports all the above coping and 

adaptive strategies, then this is interpreted as a very high level of drought preparedness. 

Table 4.3 indicates that the level of preparedness for drought is much better than of floods. 

 

Table 4. 3: Household’s level of preparedness to drought impacts 

Level of preparedness Frequency Percentage 

Very low (1 strategy or none) 7 7 

Low (2 strategies) 65 68 

Moderate (3 strategies) 22 23 

High (4 strategies) 2 2 

Very high (5+ strategies) 0 0 

Total 96 100 

Source: Field work 
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Two households reported high drought preparedness, 22 households reported moderate 

preparedness, 65 households reported low preparedness, while 7 households reported very 

low preparedness. Some of the residents do not prepare for drought since they believe it is 

a common occurrence and one can do little to mitigate it. Unfortunately, such households 

wait for help from well-wishers, NGOs and churches. 

 

4.3.2.1 Seeking advice from extension officers 

Respondents reported that there are agricultural extension officers who either visit 

individual farms or call meetings in the area during each planting season. Some families 

attend the meetings frequently, some do so occasionally, while others do not see the need 

to attend the meetings at all. 

 

4.3.2.2 Ensuring an adequate food reserve 

Most of the respondents noted that they are used to the dry season, so they have to grow 

more crops so as to have more food surpluses. Households irrigate their farms when there 

is no rain to maintain a constant supply of food for the family. According to some of the 

respondents: 

“We just want to use the flood water to irrigate the remaining farms, so we can 

grow crops and store them. We know the dry season will be here soon” – Male 

respondent, Mtsungutsunguni village, Singwaya. 

 

“We have built storage houses to store crop harvests for future consumption” – 

Female respondent, Mwananyamala village, Mikuyuni. 

 

4.3.2.3 Saving money for emergencies 

There are households that save enough money to sustain them for at least two months; 

others save money to sustain them for at least a month; while others save money that can 

sustain them for less than a month. However, most of the households (90%) do not save at 

all. Savings is only done for food and rarely for other needs. According to some of the 

respondents: 
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“We save money for food when drought strikes, to cushion us from the hunger that 

people feel when crops do not grow” – Male respondent, Mporojoni village, 

Mikuyuni. 

 

4.3.2.4 Changing the planting season and use of drought-resistant crops 

This is one of the strategies employed by most households, and it could be as a result of 

frequent extension services offered in the area, as well farmers’ experiences of the highest 

yielding and resistant crop varieties. The drought-resistant crops mentioned by respondents 

include sorghum, millet and cassava. According to some of the respondents: 

“We start planting early and grow more crops so we can have a reserve for use 

during the dry season. We also grow drought-resistant crops to ensure we have 

something to eat even if the sun is scorching and most crops cannot grow” – Female 

respondent, Zhongwani village, Mikuyuni. 

“We plant crop varieties that mature early, so that we can have food when drought 

strikes again,” –Male respondent, Mikanangweni village, Masindeni. 

 

4.3.2.5 Adoption of alternative sources of water 

The prolonged drought resulted in scarcity of water. Respondents had to walk for long 

distance in search of water for domestic and livestock use because nearby water sources 

had dried up. Households have formed welfare groups where they collectively dig wells or 

water pans. Through these groups, households have also managed to purchase generators 

to pump water from River Galana to their farms. Some of the respondents have also started 

mobilizing members of the community to construct dams that can hold a lot of water. 

Others have started planting trees because they feel that this will increase the chances of 

rain and lessen the drought spells. According to some of the respondents: 

“We have formed groups to construct a well and water pans to store water during 

the rainy season, so we can use when it does not rain for a long time. We also live 

next to River Galana, so we use the water to irrigate our farms” – Male respondent, 

Kadzitsoni village, Singwaya. 
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“We bought a generator through our farmers’ group, that we use to pump water 

from the river to our farms, so we can irrigate crops” – Male respondent, Vugulani 

village, Mikuyuni. 

 

“We plant more trees to attract rain. When people cut trees, the rain became less 

frequent, so we are now planting more trees so that it can rain frequently, and we 

will have more water” – Female respondent, Gogoranamba village, Masindeni. 

 

4.3.2.6 Selling livestock 

Livestock farming is one of the main sources of livelihood for households in Garashi. 

Drought resulted in a decline in livestock health, leading to low livestock production and 

loss of livestock in extreme cases. Respondents mentioned that unproductive livestock do 

not fetch profitable sales, hence they undergo a loss, compared to the input cost. To prevent 

this, households have to sell their livestock early enough before they are too unproductive 

to be sold at the market. Since the supply is higher than the demand, the farmers often incur 

a loss. According to some of the respondents: 

“During drought, we sell most of the livestock so as to get money for food, instead 

of letting the animal die of starvation” - Male respondent, Mtsungutsunguni 

village, Singwaya. 

 

4.3.2.7 Diversification of income and livelihood sources 

One of the impacts of drought was the loss of household income and livelihood sources. 

Households reported that they had to diversify their income sources in order to make ends 

meet. Alternative sources of income reported by respondents include working on other 

people’s farms that are located near the river; looking for work in urban areas; planting 

cash crops at the riverbank; fishing; and starting small businesses. According to some of 

the respondents: 

“We have started engaging in small business to generate more income, rather than 

depend on agriculture only. The rains have become unpredictable” – Female 

respondent, Mtsungutsunguni village, Singwaya. 
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“During the dry season we go to urban areas to search for jobs so we can save 

more money for our family to use when there is little food on the farms. We have 

also built storage houses to store crop harvests for future consumption” – Female 

respondent, Mwananyamala village, Mikuyuni. 

 

“When income from farming was low, my husband started fishing then I opened a 

business of selling fish so as to earn extra income for the family” – Female 

respondent, Mikanangweni village, Masindeni. 

 

Unlike floods that have a rapid-onset, droughts occur over a long period of time, giving 

people the chance to plan on what measures they will take to think through and address the 

causal factors such as people’s vulnerabilities, poverty, risks posed to household income, 

lack of early planning strategies, and inadequate institutional capacity and resources 

(UN/ISDR, 2012). Understanding the underlying causes of drought risks will allow 

governments and the private sector to undertake effective droughts and floods reduction 

and preparedness actions (UN/ISDR, 2012).  Severe droughts, for instance, can force food-

insecure farmers to overexploit common property resources such as community forests, 

pasture, ponds, riverbanks and groundwater, with negative medium- and long-term 

consequences for agricultural productivity and food security (Pandey et al., 2007). 

 

Turkana pastoralists in northern Kenya are faced with extreme and frequent drought events 

that have impacted negatively on their livelihoods. The long-term adaptation strategies they 

use to cope with droughts include moving around with livestock to track water and forage 

resources; rearing different livestock types with varying tolerance to drought and diseases 

and species with diverse productivity to increase chances of herd survival;  diversifying 

sources of livelihood; and educating their children as a long term investment with expected 

returns from employment (Opiyo et al., 2015). 

 

4.3.3 Support to Mitigate Impacts of Flood and Drought 

The respondents were asked whether they received any form of support to help them 

recover from flood and drought impacts. The findings show that 98 percent of the affected 
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households received support during floods, while 75 percent of the households received 

support during drought. The support was largely in terms of food supplies, clothing and 

temporary shelter. Other minimal form of support was in terms of financial assistance, farm 

inputs, medical services, provision of clean water, provision of mobile toilets, provision of 

beddings, chlorine for purifying water, household items (cooking utensils and beddings), 

and psychosocial support. 

 

Support for those affected by floods and drought came from non-governmental 

organizations (majority of the households), faith-based organizations, the government, 

friends and relatives. The organizations working in the area include Kenya Red Cross, ADS 

Pwani, World Vision, Action Aid, Plan International, Anglican Church of Kenya (ACK), 

Islamic Relief, National Drought Management Authority (NDMA) and Kenya Red Cross 

Society. 

 

A social analysis of rural communities living along Zambezia River in Mozambique 

reveals that populations residing near rivers should be resettled, although it is estimated 

that only about 40% of the newly displaced households were permanently residing on the 

resettlement sites allocated by the Government (Lorenzetti, 2013). This is because in most 

instances, the allocated land lacks infrastructure and adequate service provision; families 

hence tend to return to their initially disaster-prone regions. This decision is especially 

understandable in economies that heavily rely on agriculture, and farming is the main 

source of livelihoods for 80% of the households (Lorenzetti, 2013). 

 

4.4 Household Flood and Drought Vulnerability Index 

This study employed the vulnerability index to determine the level of vulnerability of 

households to impacts of floods and drought. The vulnerability index combines multiple 

components of a system into one value of between 0 and 1. A value of 0 denotes lowest 

vulnerability, while a value of 1 denotes highest vulnerability (Table 4.4). Three variables 

were used in this index: exposure, sensitivity and capacity. Each variable had six indicators, 

adding to a total of 18 indicators in the index. These indicators were the ones used to 

formulate questions for the household and key informant surveys. 
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Table 4. 4: Interpretation of vulnerability index 

Vulnerability Index value Description 

Very low <0.01  The area recovers very fast 

 Insurances against impacts exist 

 There is a very high investment in preparedness 

Low >0.01-0.25  Social, economic, environmental and physical 

components are occasionally affected by 

hazards but the recovery process is fast 

 If area is less developed economically, damages 

are not so high 

 High budget exists for preparedness 

Vulnerable >0.25-0.50  Social, economic, environmental and physical 

components are affected 

 The area can recover in months 

 There is enough investment in preparedness 

High >0.50-0.75  Social, economic, environmental and physical 

components are vulnerable to hazards 

 Recovery process is slow 

 The area has a low resilience to hazards 

 Lack of disaster management institutions 

Very high >0.75-1.0  Social, economic, environmental and physical 

components are very vulnerable to hazards 

 Recovery process can take years 

 Budget for disaster preparedness is scarce 

Source: Balica, 2012a 

 

Responses were scaled then weighted as follows: very high = 1, high = 0.8, moderate = 

0.6, low = 0.4 and very low = 0.2; where 0.2 is the lowest level of household vulnerability 

and 1 is the highest vulnerability level. The Weighted Average Index (WAI) for each data 

variable (exposure, sensitivity and capacity) was then computed using the formula below: 

 

WAI =
𝑊1  + 𝑊2  + … … 𝑊𝑖

n
= =  ∑

𝑊𝑖

n

𝑛

𝑖
   

𝐸𝐼 =
∑ 𝐸𝑊𝑖𝑛

𝑖

𝑛
, 𝑆𝐼 =

∑ 𝑆𝑊𝑖𝑛
𝑖

𝑛
, 𝐶𝐼 =

∑ 𝐶𝑊𝑖𝑛
𝑖

𝑛
 

 

The Vulnerability Index (VI) was then calculated for both floods (FVI) and drought 

(DVI) using the Exposure Index (EI), Sensitivity Index (SI) and Capacity Index (CI). 
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FVI = EI x SI/CI and DVI = EI x SI/CI 

 

4.5.1 Flood Vulnerability Index 

Analysis of flood vulnerability index reveal that average normalized value for exposure is 

the lowest at 71.1, followed by capacity at 82.1 then sensitivity at 91.2 (Table 4.5). This 

means there is a higher flood sensitivity index compared to the exposure and capacity 

indices. Indicators that increased the sensitivity of Garashi community to floods was the 

impact to non-agricultural assets; dependence of household income on agriculture and 

impact of flood to agricultural assets. 

 

 

Table 4. 1: Flood vulnerability variables and weighted indicator values 

Flood risk component 

Weighted levels of measurement 

1 0.8 0.6 0.4 0.2 

Exposure: 
Household size 28 28 28 11 1 

Previous flood frequency 0 1 0 82 13 

Recent flood frequency  96 0 0 0 0 

Number of income earners  11 55 30 0 0 

Number of men in household 2 6 54 30 4 

Female-headed households 0 0 0 37 59 

Total 137 90 112 160 77 

Total Weighted 137 72 67.2 64 15.4 

Average Normalized Values = 71.12 

Sensitivity: 
Main source of income 79 6 3 0 8 

Dependency ratio 25 27 22 17 5 

Damage to agricultural assets 61 19 14 1 1 

Damage to non-agricultural assets 80 8 2 4 2 

Disruption of normal life and access to lifelines 21 11 43 20 1 

Damage to health 15 2 75 2 2 

Total 281 73 159 44 19 

Total Weighted 281 58.4 95.4 17.6 3.8 

Average Normalized Values = 91.24 

Capacity: 
Level of education of household head 28 2 55 11 0 

Level of preparedness for floods 7 65 22 2 0 

Diversified sources of income 0 10 86 0 0 

Availability and circulation of emergency plans 32 1 2 43 18 

Knowledge on ways to improve resilience 90 1 3 1 1 
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Ability to resume normal livelihood activities 27 22 8 28 11 

Total 184 101 176 85 30 

Total Weighted 184 80.8 105.6 34 6 

Average Normalized Values = 82.08 

Source: Field work 

 

In summary, the table shows that: 

1. Flood Exposure Index = 71.12/96 = 0.74 

2. Flood Sensitivity Index = 91.24/96 = 0.95 

3. Flood Capacity Index = 82.08/96 = 0.86 

4. Flood Vulnerability Index = (0.74*0.95) ÷ 0.86 = 0.82 

 

As such, Garashi area has a very high vulnerability to floods. In addition, the flood 

vulnerability index computations reveal that the area is more sensitive to floods compared 

to exposure and capacity. The lowest variable is exposure although it still has a high 

vulnerability value at 0.74. The indicator that increased the flood exposure index in Garashi 

area is the recent occurrence of floods. 

In coastal areas, flood vulnerability index is used to measure the area’s susceptibility to 

flooding, in relation to the system’s physical and socio-economic aspects over a long period 

of time. This provides decision-makers with an indication of which areas need urgent 

intervention and provides a wide option of possible adaptation options that can be used 

locally (Balica et al., 2012c). 

 

4.5.2 Drought Vulnerability Index 

For drought, sensitivity is the highest variable at 92.88 (Table 4.6). The indicators that had 

the highest weight in this variable are dependence of household income on agriculture, 

impact on agricultural assets and social disturbances, indicating that these are the most 

sensitive variables to flood and drought risks in Garashi area. 

 

In summary, the table shows that: 

1. Drought Exposure Index = 71.12/96 = 0.74 

2. Drought Sensitivity Index = 92.88/96 = 0.97 

3. Drought Capacity Index = 85.52/96 = 0.89 
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4. Drought Vulnerability Index = (0.74*0.97) ÷ 0.89 = 0.81 

 

As such, Garashi has a very high vulnerability to drought. The area is more sensitive to 

drought compared to exposure and capacity. The lowest variable is exposure although it 

still has a high vulnerability value at 0.74. Fewer numbers of female-headed households in 

the area lowered the level of exposure to drought impacts. 

 

Table 4. 2: Drought vulnerability variables and indicators 

Drought risk component 

Weighted levels of measurement 

1 0.8 0.6 0.4 0.2 

Exposure: 
Household size 28 28 28 11 1 

Previous drought frequency 3 46 12 24 0 

Recent drought frequency  10 72 12 2 0 

Number of income earners  11 55 30 0 0 

Number of men in household 2 6 54 30 4 

Female-headed households 0 0 0 37 59 

Total 54 207 136 104 64 

Total Weighted 54 165.6 81.6 41.6 12.8 

Average Normalized Values = 71.12 

Sensitivity: 
Main source of income 79 6 3 0 8 

Dependency ratio 25 27 22 17 5 

Damage to agricultural assets 75 16 1 0 4 

Socio-economic disruption 46 28 18 0 4 

Access to lifelines 34 28 20 9 5 

Damage to health 18 36 23 15 4 

Total 277 141 87 41 30 

Total Weighted 277 112.8 52.2 16.4 6 

Average Normalized Values = 92.88 

Capacity: 
Level of education of household head 28 2 55 11 0 

Level of preparedness for drought 7 65 22 2 0 

Diversified sources of income 0 10 86 0 0 

Availability and circulation of emergency plans 64 0 20 8 4 

Knowledge on ways to improve resilience 39 33 22 2 0 

Ability to resume normal livelihood activities 16 36 26 7 11 

Total 154 150 231 30 15 

Total Weighted 154 120 138.6 12 3 

Average Normalized Values = 85.52 

Source: Field work 
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Studies show that over the past 10 years, the drought vulnerability index has been used a 

tool to assess vulnerability of households that are dependent on agriculture to drought and 

climate change globally (Addisu et al., 2016; Panthi et al., 2016; Adu et al., 2018; Oo et 

al., 2018; Williams et al., 2018). This index will provide measures to observe vulnerability 

over time, determine the activities that lead to vulnerability, focus on approaches for its 

mitigation and evaluate the effectiveness of these approaches in different social and 

ecological settings. 
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CHAPTER FIVE: SUMMARY OF FINDINGS, CONCLUSION AND 

RECOMMENDATIONS 

 

This chapter presents the summary of findings, conclusion and recommendations based on 

the four specific objectives to: 1) determine the factors that influence household 

vulnerability to floods and droughts risk in Garashi Ward; 2) determine how households in 

Garashi Ward are affected by the occurrence of floods and droughts; 3) evaluate ways that 

households use their knowledge about vulnerability to adapt to and cope with floods and 

droughts risks; and 4) determine the flood and drought vulnerability indices of households 

in Garashi Ward. 

 

5.1 Summary of Findings 

5.1.1 Factors Influencing Vulnerability of Households to Floods and Droughts 

This study determined that the two main factors that influence the vulnerability of 

households to floods and droughts risks include an alternating occurrence of prolonged 

drought (for around five years) followed by an onset of floods; and the high dependency 

by households on agriculture-based resources as the main source of income. Factors that 

had a moderate influence on household vulnerability include large household sizes; low 

number of income earners per household; high dependency ratio of household size to 

income earners; and low literacy levels of household heads. Other factors with a significant 

influence on household vulnerability include presence of female-headed households and a 

low number of men per household. 

 

5.1.2 Consequences of Floods and Droughts in Garashi Ward 

This study established that the two main consequences of floods in Garashi area include 

damage to non-agricultural assets (houses and household property) and damage to 

agricultural assets (crops, crop yields, livestock, food reserves and agricultural land. Other 

significant consequences mentioned by households include. The two main consequences 

of drought in the study area include damage to agricultural assets and socio-economic 

disruptions (long walking distances to relief food and water points, shifting gender roles 

and rural-urban migration in search of alternative sources of income).   



 
 

74 

 

5.1.3 Household’s Coping and Adaptive Strategies to Floods and Droughts 

Consequences 

Based on this study’s evaluation it was established that households with little or no 

knowledge on how to prepare for the anticipated risks of floods and droughts are more 

vulnerable to floods and droughts consequences. Although households receive support 

from the government, non-governmental organizations, and well-wishers to recover from 

the shocks, the extent of the consequences faced depends on the household’s adaptive 

capacity to respond to these shocks. This study established that there is a low level of 

preparedness at household level, and this is attributed to the low literacy levels among 

heads of households, lack of adequate information on disaster resilience at household level 

and non-effective early warning systems. 

 

5.1.4 Household Flood and Vulnerability Indices 

The vulnerability analysis established that Garashi area is highly vulnerable to droughts 

and floods risks. This is depicted by the flood and drought vulnerability index values of 

0.82 and 0.81, respectively. The study area is more sensitive to floods and droughts risks, 

because the sensitivity index value for both hazards is 1. This value denotes the highest 

level of vulnerability to hazards. 

 

5.2 Conclusion 

Flood and drought are a common occurrence in Garashi area, and this trend is expected to 

continue in coming years. Households on the other hand are least prepared to cope with the 

impacts of floods and drought and hence are at a very high risk-potential to flood and 

drought impacts. Generally, the impact of floods and drought on households in Garashi 

area will worsen if sustainable multi-sectoral interventions are not put in place to prepare 

and mitigate the vulnerability of these households to natural disasters. 

 

5.3 Recommendations 

5.3.1 National Government 

The national government should take lead in conducting periodic identification of natural 

hazards as well as risk and vulnerability assessments. Information generated from these 
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assessments will strengthen the capacity of key stakeholders in disaster management. 

Consequently, this will guide the development of effective mitigation measures for natural 

hazards at national, county, community, household and individual levels. This also calls 

for a high investment in disaster preparedness at all levels to achieve effective disaster risk 

reduction. In this regard, the government should develop a contingency plan that will help 

reduce disaster impacts caused by natural hazards. 

 

5.3.2 County Government 

Based on the identified needs from the national assessments, the county government in 

collaboration with key partners should identify all stakeholders then conduct trainings 

targeted at vulnerable regions, to build the capacity of households on disaster risk 

reduction. The trainings should focus on sustainable strategies for coping with disasters. 

They should also be participatory and tailor-made for various groups such as female-

headed households, children and low literacy individuals. Furthermore, both men and 

women should be included in the trainings for sustainability. 

 

In addition, the county government and other organizations that offer support to 

communities in the event of a natural disaster should conduct rapid needs assessments and 

consultative meetings prior to the intervention aimed at mitigating hazard impacts. This 

will avoid duplication of efforts and offer more targeted forms of support to affected 

households. 

 

Although interventions to mitigate hazard impacts should focus on all variables of 

vulnerability (exposure, sensitivity and capacity), priority should be on the sensitivity 

component since it has the highest vulnerability index values. This entails providing more 

livelihood opportunities aimed at diversification of income to reduce dependency of 

households on agricultural-based resources. Households also need to be sensitized on the 

relationship between income dependency ratios and duration of recovery from impacts, to 

increase their adaptive capacities. 
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5.3.3 International Development Partners 

Development action should be coordinated across all partners to avoid duplication of 

efforts. International partners should complement and strengthen existing government 

structures and avoid a competitive approach. There is a gap in early warning, hence 

international partners to prioritize investment in the development of adaptable disaster risk 

reduction models. Partners should also support multi-sectoral advocacy initiatives to lobby 

for clear legislative and policy frameworks on risk management. 

 

There should also be a high level of accountability among international partners to ensure 

that the allocated funds are used for the intended purpose in the areas of intervention. 

 

5.3.4 Future Researchers 

The time limitation for this study could not allow the use of inductive and participatory 

approaches of vulnerability assessment. This involves engaging vulnerable households to 

identify their own perspective of resilience and vulnerability. The households define 

natural hazards and their risks based on the people’s cultural beliefs and perceptions, then 

give suggestions for best-suited strategies that should be used to mitigate the hazard and 

its risks. This is a more subjective approach that offers an in-depth understanding of social 

vulnerability of households to natural hazards. Combining inductive and participatory 

approaches with the deductive method of using indicators gives a detailed overview on the 

capacity needs of each household. 
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APPENDICES 

Appendix A: Household Survey Questionnaire 

Questionnaire No: Date of Data collection: 

A: GENERAL HOUSEHOLD INFORMATION 

Village/sub-Location  

Head of Household’s (Respondent) Details: 

Name/ID No 

Gender: M/F 

Age: 

Level of education: (none, ECD, primary, secondary, tertiary) 

1. How many people live permanently in 

your household? 

 More than 10 people 

 8 to 10 people 

 5 to 7 people 

 2 to 4 people 

 1 person 

1.a) How many of these are men? 

 None 

 1 man 

 2 to 4 men 

 5 to 7 men 

 More than 7 men 

2. How many people earn an income in 

your household? 

 None 

 1 person 

 2 to 4 people 

 5 to 7people 

 More than 7people 

 

3. What is the main source of income for 

your household? [Select one] 

 Agriculture 

 Livestock 

 Agricultural labour 

 Small business 

 Non-farm employment 

 If other, specify 

4. What is the secondary source of income for your household? [Select all that apply] 

Agriculture - Livestock - Agricultural Labor - Small business - Non-farm employment. If 

other, specify 

B: FLOODS 

5. Have you ever experienced floods in your village? Y/N (if no, skip to Q 10) 

5.a) If yes, when was the last time you experienced floods in your village? 

 Within the past 6 months 

 6-11 months ago 

 1-2 years ago 

 3-5 years ago 

 More than 5 years ago 

6. Before the last incidence, had you experienced another occurrence of floods in your 

village? Y/N (If no, skip to Q 7) 

6.a) If yes, when did this occur? 

 6-11 months ago 

 1-2 years ago 

 3 years ago 

 4-5 years ago 

 More than 5 years ago 
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7. Have floods ever had an impact on your household? Y/N (if no, skip to Q 10) 

7.a) If yes, how have floods affected your household? (Write down all details as 

mentioned but do not lead the respondent. Use the details to determine the level of impact 

and then fill in table below): 

 

Example of impacts (not exhaustive) Very 

High 

High Mod

erate 

Low Very 

Low 

Floods threatened food security in household      

Floods caused food scarcity      

Floods caused malnutrition      

Floods caused a disease outbreak      

Floods caused unemployment      

Floods caused reduction in household income      

Floods caused population displacement      

Floods affected schooling of children      

Floods caused hopelessness and sense of loss      

Floods threatened access to clean water      

Floods caused loss of lives      

Floods caused damage to property      

Floods caused damage to house structure      

None      
 

8. How long does it take your household to recover from flood impacts? 

 More than 3 years 

 Between 1 and 2 years 

 Between 6 months and 1 year 

 Between 3 and 6 months  

 In less than 3 months 

9. How does your household prepare to cope with impacts of flooding? (Write down all 

details as mentioned but do not lead the respondent. Use the information given to 

determine the level of preparedness. Very low level of preparedness will be assigned 

the ‘very high’ weight in the table below: 

 

Examples of household means of preparedness  Very 

high 

High Mod

erate 

Low Very 

low 

Changing the planting seasons      

Change to early-maturing crops      

Store crop harvests      

Save more money      

Store crop residues for livestock      

Sell some livestock      

Migrate to a less flood-prone area      

Seek alternative sources of income      

Reinforcing the house to withstand flood water      

Nothing      
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10. Have you ever received information on how you can make your household safe/able 

to quickly recover from impacts of floods? (Y/N) (If no, skip to Q 15) 

10.a) If yes, how recently did you receive the information? 

 5 or more years ago 

 Between 3 and 5 years ago 

 Between 1 and 3 years ago 

 Between 6 and 12 months ago 

 Within the past 6 months 

11. From whom did you receive the information on how to make your household safe 

from impacts of floods? 

 Friends/relatives 

 NGOs (Kenya Red Cross etc.) 

 Government officials 

 Media (TV/newspaper/radio) 

 Other (specify) 

12. What kind of support has your household received from other people to help you 

recover from impacts of floods? 

 None 

 Food supplies 

 Clothing 

 Financial assistance 

 Temporary shelter 

 Farm inputs 

 Other (specify) 

13. Who usually provides the support to enable your household recover from impacts of 

floods? 

 The Government 

 NGOs (Kenya Red Cross etc.) 

 Friends/relatives 

 Faith-based organizations 

 Other (specify) 

C: DROUGHT 

14. Have you ever experienced drought in your village? Y/N (If no, skip to Q 20 

15. If yes, when was the last time you experienced drought in your village? 

 Within the last 3 months 

 Between 3 and 6 months ago 

 Between 6 months and 1 year ago 

 Between 1 and 2 years ago 

 More than 2 years ago 

16. Before the last incidence, had you experienced another drought occurrence in your 

village? Y/N (If no, skip to question 

16.a) If yes, when did this occur? 

 Between 6 months and 12 months ago 

 Between 1 and 2 years ago 
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 Between 2 and 3 years ago 

 Between 3 and 5 years ago 

 More than 5 years ago 

17. Has drought ever had an impact on your household? Y/N (If no, skip to Q 

17.a) How has drought affected your household? (Write down all details as mentioned 

but do not lead the respondent. Use the details to determine the level of impact and then 

fill in table below): 

 

Examples of impact (not exhaustive) Very 

High 

High Mod

erate 

Low Very 

Low 

Drought threatened food security in household      

Drought caused food scarcity      

Drought caused malnutrition      

Drought caused a disease outbreak      

Drought caused unemployment      

Drought caused reduction in household income      

Drought caused hopelessness and sense of loss      

Drought caused conflict over clean water      

Drought caused loss of lives      

Drought caused loss of livestock      

Drought caused family instability      

None      
 

18. How long does it take for your household to recover from drought impacts? 

 More than 3 years 

 Between 1 and 2 years 

 Between 6 months and 1 year 

 Between 3 and 6 months  

 In less than 3 months 

19. How does your household prepare to cope with impacts of drought? (Write down all 

details as mentioned but do not lead the respondent. Use the information given to 

determine the level of adaptation. Very low level of preparedness will be assigned the 

‘very high’ weight in the table below: 

 

Adaptation level (not exhaustive – add as 

mentioned) 

Very 

high 

High Mod

erate 

Low Very 

low 

Changing the planting seasons      

Change to drought-resistant crops      

Store crop harvests      

Save more money      

Store crop residues for livestock      

Sell some livestock      

Adopt water-harvesting techniques e.g. water pans      

Migrate to a less drought-prone area      

Seek alternative sources of income      

Nothing      
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20. Have you ever received information on how you can make your household safe/able 

to quickly recover from impacts of droughts? (Y/N) 

20.a) If yes, how recently did you receive the information? 

 5 or more years ago 

 Between 3 and 5 years ago 

 Between 1 and 3 years ago 

 Between 6 and 12 months ago 

 Within the past 6 months 

21. From whom did you receive the information on how to make your household resilient 

to impacts of drought? 

 Media (TV/newspaper/radio) 

 Government officials 

 NGOs (Kenya Red Cross etc.) 

 Friends/relatives 

 Other (specify) 

22. What kind of assistance has your household received from other people to help your 

household recover from impacts of drought? 

 None 

 Food supplies 

 Clothing 

 Financial assistance 

 Water supplies 

 Farm inputs 

 Other (specify) 

23. Who usually provides the support to enable your household recover from impacts of 

floods and drought? 

 The Government 

 NGOs (Kenya Red Cross etc.) 

 Friends/relatives 

 Faith-based organizations 

 Other (specify) 

 

Appendix B: Key Informant Interviews Questionnaire 

The following guiding questions were used to interview the key informants: 

Date of Interview:                                          Organization: 

Name and Position of Respondent: 

1. Do you collect any information on drought and flood occurrence in Kilifi County? 

Y/N 

1.a) If yes, what type of information do you collect? 

1.b) How frequently do you collect this information? 

2. In your opinion, which areas in Kilifi County are most affected by drought and 

floods? 
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3. Do you have any prevention measures safeguarding households against any danger 

or threats of drought and floods in Magarini sub-county? Y/N 

3.a) If yes, please explain briefly the prevention measures you have, and how often you 

implement them: 

4. What are some of the mitigation measures that you have in place towards 

promoting household resilience to impacts of drought and floods in Magarini sub-

county? 

5. Do you have any capacity-building plans in place to increase household awareness 

on preparedness and ways to adapt to drought and flood impacts in Magarini? Y/N 

5.a) If yes, what type of messages are usually communicated to the households and 

how? 

Do you have any other comments/information you would like to add? 

  



 
 

83 

 

REFERENCES 

Adamenko, T. (2017). Agricultural Drought Monitoring in Ukraine. A Paper Presented at 

the EvIDENz Workshop. Ukrainian Hydrometeorological Centre, 2017. 

Addisu L. S., O.A. Olutayo, H. Sulaiman, & P. Rao. (2016). Assessing climate change 

impacts in the Lake Tana Sub-Basin, Ethiopia using livelihood vulnerability 

approach. Journal of Earth Science & Climatic Change 7(9): Article 368. 

Adger, W. N., N. Brooks, G. Bentham & M.D. Agnew (2004). New Indicators of 

Vulnerability and Adaptive Capacity. Tyndall Centre for Climate Change Research 

Norwich, UK. 

Adger, W. & Vincent, K. (2005). Uncertainty in Adaptive Capacity. Comptes Rendus 

Geoscience, 337: 399–410. 

Adger, W.N. (2006). Vulnerability. Global Environmental Change, 16(3): 268-281. 

Adu, D.T., J.K.M. Kuwornu, H. Anim-Somuah, and N. Sasaki. (2018). Application of 

livelihood vulnerability index in assessing smallholder maize farming households’ 

vulnerability to climate change in Brong-Ahafo region of Ghana. Kasetsart Journal 

of Social Sciences 39(1): 22–32. 

Ahmadalipour, A., H. Moradkhani, A. Castelletti & N. Magliocca (2019). Future Drought 

Risk in Africa: Integrating Vulnerability, Climate Change and Population Growth 

in Science of the Total Environment, 662, April, 2019. 

DOI: 10.1016/j.scitotenv.2019.01.278 

Alston, M. (2007). ‘It’s Really Not Easy to Get Help’: Services to Drought-Affected 

Families. Australian Social Work, 60(4):421–35. 

ARC (2015). The Hidden Impact of Disasters. Humanitarian Issue 27, Melbourne, 2015. 

Australian Red Cross. 

Balica, S.F. & Wright, N.G., (2009). A Network of Knowledge on Applying an Indicator-

based Methodology for Minimizing Flood Vulnerability. Hydrological Processes, 

23(20). 2983–2986. 

Balica, S.F. (2012a). Applying the Flood Vulnerability Index as a Knowledge Base for 

Flood Risk Assessment. Delft University. 

Balica, S.F. (2012b). Approaches of Understanding Developments of Vulnerability Indices 

for Natural Disasters. Journal of Environmental Engineering, 11. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmadalipour%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30703725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Moradkhani%20H%5BAuthor%5D&cauthor=true&cauthor_uid=30703725
https://www.ncbi.nlm.nih.gov/pubmed/?term=Magliocca%20N%5BAuthor%5D&cauthor=true&cauthor_uid=30703725
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.scitotenv.2019.01.278


 
 

84 

 

Balica, S.F., Wright, N.G., & Meulen, V. (2012c). A Flood Vulnerability Index for Coastal 

Cities and its Use in Assessing Climate Change Impacts in Natural Hazards 52(1): 

Baudoin, M.A., C. Vogel, K. Nortje & M. Naik (2017). Living with drought in South 

Africa: Lessons learnt from the recent El Nino drought period. International 

Journal of Disaster Risk Reduction, 23: 128-137. 

Birkmann, J. (2007). Risk and Vulnerability Indicators at Different Scales: Applicability, 

Usefulness and Policy Implications. Environmental Hazards, 7:20–31. 

Birkmann, J. (ed.) (2006). Measuring Vulnerability to Hazards of Natural Origin: Towards 

Disaster Resilient Societies. UNU-Press, Tokyo. 

Birkmann, J., O.D. Cardona, M.L. Carreño, A.H. Barbat, M. Pelling, S. Schneiderbauer & 

T. Welle (2013). Framing vulnerability, risk and societal responses: The MOVE 

framework. Natural Hazards, 67(2): 193–211. 

Bischiniotis, K, Van Den Hurk, B. Jongman, E.C. De Perez, T. Veldkamp, H. De Moel & 

J. Aerts (2018). The Influence of Antecedent Conditions on Flood Risk in Sub-

Saharan Africa. Natural Hazards and Earth System Sciences. 

Blaikie, P., T. Cannon, I. Davis, and B. Wisner. (1994). At risk: natural hazards, people’s 

vulnerability, and disasters. Routledge, London, UK. 

Bogardi, J. & J. Birkmann. (2004). Vulnerability Assessment: The First Step Towards 

Sustainable Risk Reduction. In: D. Malzahn & T. Plapp (eds.), Disaster and 

Society-from Hazard Assessment to Risk Reduction. Berlin: Verlag, pp. 75-82. 

Bohle, H.G. (2001). Vulnerability and Criticality: Perspectives from Social Geography. 

IHDP Update (2001), Newsletter of the International Human Dimensions 

Programme on Global Environmental Change. 2001, 1-7. 

Brennan, M.A. & C.G. Flint (2007). Uncovering the Hidden Dimensions of Rural Disaster 

Mitigation: Capacity Building through Community Emergency Response Teams. 

Southern Rural Sociology, 22(2):111–26. 

Brooks, N. (2003). Vulnerability, Risk and Adaptation: A Conceptual Framework. Tyndall 

Centre for Climate Change Research. Working Paper No. 38. 

Brooks, N., W. N. Adger, and P. M. Kelly. (2005). The determinants of vulnerability and 

adaptive capacity at the national level and the implications for adaptation. Global 



 
 

85 

 

Environmental Change 15:151-163. http://dx.doi.org/10.1016/ 

j.gloenvcha.2004.12.006. 

Brouwer, R., S. Akter, L. Brander & E. Haque (2007). Socioeconomic Vulnerability and 

Adaptation to Environmental Risk: A Case Study of Climate Change and Flooding 

in Bangladesh. Risk analysis: An official publication of the Society for Risk 

Analysis. Institute for Environmental Studies (IVM), Vrije Universiteit, De 

Boelelaan 1087, 1081 HV, Amsterdam, The Netherlands. 

Cardona, O.D. (1999). Environmental Management and Disaster Prevention: Two Related 

Topics: A Holistic Risk Assessment and Management Approach. National 

University of Colombia. 

Cardona, O.D., M.K. van Aalst, J. Birkmann, M. Fordham, G. McGregor, R. Perez, R.S. 

Pulwarty, E.L.F. Schipper & B.T. Singh (2012). Determinants of Risk: Exposure 

and Vulnerability in Managing the Risks of Extreme Events and Disasters to 

Advance Climate Change Adaptation. A Special Report of Working Groups I and 

II of the IPCC. Cambridge University Press, Cambridge. 

Carrao, H. & P. Barbosa (2015). Models of Drought Hazard, Exposure, Vulnerability and 

Risk for Latin America. European Commission – Joint Research Centre and 

Institute for Environment and Sustainability (IES). 

Carreno, M.L., Cardona, O., & Barbat, A (2007). Urban Seismic Risk Evaluation: A 

Holistic Approach. Natural Hazards, 40(1), 137-172. 

Chambers, R. (1989). Editorial Introduction: Vulnerability, Coping and Policy. IDS 

Bulletin, 20: 1–7. 

Chou, J., T. Xian, W. Dong & Y. Xu (2018). Regional Temporal and Spatial Trends in 

Drought and Flood Disasters in China and Assessment of Economic Losses in 

Recent Years. Sustainability, 11(1):55, December 2018. 

Chuku, C. & C. Okoye (2010). Increasing Resilience and Reducing Vulnerability in Sub-

Saharan African Agriculture: Strategies for Risk Coping and Management. African 

Journal of Agricultural Research, 4: 1524-1535. 

Ciurean, R. L., Schroter, D. & Glade, T. (2013). Conceptual Frameworks for Vulnerability 

Assessments for Natural Disasters Reduction. In Approaches to Disaster 



 
 

86 

 

Management - Examining the Implications of Hazards, Emergencies and Disasters, 

Chapter: 1, InTech, Editors: Tiefenbacher, pp.3 – 32. 

Cole, S., X. Gine, J. Tobacman, P. Topalova, R. Townsend & J. Vickery (2013). Barriers 

to Household Risk Management: Evidence from India. American Economic 

Journal, 5: 104–135. 

CRA, (2011). Kilifi County. Commission on Revenue Allocation. Government Printers. 

Cutter, S.L., J. Bryan, J. Boruff & W. Lynn (2003). Social Vulnerability to Environmental 

Hazards. Social Science Quarterly, 84(2): 242–61. 

Cutter, S.L. (1996). Societal Vulnerability to Environmental Hazards. Progress in Human 

Geography, 20: 529-539. 

Deressa, T.T., R.M. Hassan & C. Ringler. (2010). Perception of and Adaptation to Climate 

Change by Farmers in the Nile Basin of Ethiopia. The Journal of Agricultural 

Science, 149:23-31. 

Devereux, S. (2006). The Impact of Droughts and Floods on Food Security and Policy 

Options to Alleviate Negative Effects. Paper submitted for plenary session on 

"Economics of Natural Disasters” International Association of Agricultural 

Economists (IAAE) conference Gold Coast Convention and Exhibition Center, 

Queensland, Australia 12-18 August 2006. Institute of Development Studies, 

University of Sussex, UK. 

DI (2017). Assessment of Kenya’s Preparedness to Disasters caused by Natural Disasters: 

Floods, drought and disease outbreak. Development Initiatives. 

Dorward, A. & Kydd, J. (2002) The Malawi 2002 Food Crisis: The Rural Development 

Challenge, Wye: Imperial College at Wye. 

Dunning, M.C. (2009). Social Vulnerability Analysis Methods for Corps Planning. Draft 

Report 10/29/09. Institute for Water Resources, Alexandria. 

Elbers, C., J.W. Gunning & B. Kinsey (2007). Growth and Risk: Methodology and Micro 

Evidence. World Bank Econ. Rev., 21(1):1–20. 

Ellis, F. (1998). Survey Article: Household Strategies and Rural Livelihood 

Diversification. Journal of Development Studies, 35(1): 1–38. 

Emran, S. (2014). Vulnerability and Coping Strategies of Floods in Bangladesh 

Agriculture. ASA University Review, 8: 49-69, 2014/01/01. 



 
 

87 

 

FAO (2014). Women’s Resilience to Food Price Volatility: A Policy Response. Rome: 

Food and Agriculture Organization of the United Nations. 

FAO (2016a). Gender-Responsive Disaster Risk Reduction in the Agriculture Sector: 

Guidance for policymakers and practitioners. Rome: Food and Agriculture 

Organization of the United Nations. 

FAO (2016b). Gender-Responsive Disaster Risk Reduction in the Agriculture Sector: 

Guidance for supporting rural women and men to build resilience in the face of 

disasters. Rome: Food and Agriculture Organization of the United Nations. 

FAO (2016c). Drought Characteristics and Management in the Caribbean. FAO Water 

Reports No.42. Rome: Food and Agriculture Organization of the United Nations. 

Finnessey, T., M. Hayes, J. Lukas, M. Svoboda (2016). Using climate information for 

drought planning, Clim. Res. 70 (2–3) (2016) 251–263, https://doi.org/10.3354/ 

cr01406. 

Flax, L.K., Jackson, R.W., Stein, D.N., (2002). Community vulnerability assessment tool 

methodology. Natural Hazards Review. 3(4), 163–176. 

Fothergill, A., E. G. M. Maestas, and J. D. Darlington. (1999). Race, ethnicity and disasters 

in the United States: a review of the literature. Disasters 23:156-173 http://dx.doi. 

org/10.1111/1467-7717.00111. 

Foster, G., J.D. Annan, G.A. Schmidt & M.E. Mann (2008). Comment on "Heat capacity, 

time constant, and sensitivity of Earth's climate system". Geophys. Res., 113. 

Garzón, C., H. Cooley, M. Heberger, E. Moore, L. Allen, E. Matalon, A. Doty & Oakland 

Climate Action Coalition (2012). Community-Based Climate Adaptation Planning: 

Case Study of Oakland, California. California Energy Commission (Pacific 

Institute). 

Gallopín, G.C. (2006). Linkages between vulnerability, resilience, and adaptive capacity. 

Global Environmental Change 16 (2006) 293–303. 

Gitonga, J.K. (2017). Risk Analysis of Flood Physical Vulnerability in Residential Areas 

of Mathare Nairobi Kenya. Master of Civil and Environmental Engineering Project. 

Department of Civil and Environmental Engineering, Kumamoto University. 

GoK (2007). Kenya Vision 2030. Nairobi: Government Printer. 

GoK (2010). National Climate Change Response Strategy. Nairobi: Government Printer. 



 
 

88 

 

GoK (2011). Kenya Post-Disaster Needs Assessment: 2008–2011 Drought. Nairobi: 

Government Printer. 

GoK (2015). National Policy for the Sustainable Development of Northern Kenya and 

other Arid Lands: Unlocking our full potential for realization of the Kenya Vision 

2030. Ministry of Devolution and Planning. Nairobi: Government Printer. 

GoK (2016). Climate Risk Profile for Kilifi County: Kenya County Climate Risk Profile 

Series. Nairobi: The Ministry of Agriculture, Livestock and Fisheries. Kilifi: 

Government Printer. 

GoK(2017). National Policy for the Sustainable Development of Arid and Semi-arid 

Lands: Unlocking our full potential for the realization of Kenya’s Vision 2030. 

Ministry of Devolution and ASAL Areas. Nairobi: Government Printer. 

GoK(2018). Kilifi County Integrated Development Plan. Vol 1: 2018 to 2022. Kilifi: 

Government Printer. 

GREDEG (2015). Natural Disasters, Household Welfare and Resilience: Evidence from 

Rural Vietnam. Working Paper No. 2015-03. Groupe de Recherche en Droit 

Economie et Gestion. 

Green, C.H., D.J. Parker & S.M. Tunstall (2000). Assessment of Flood Control and 

Management Options. World Commission on Dams, Cape Town. 

Guha-Sapir, D., Vos, F., Below, R., & Ponserre, S. (2012). Annual Disaster Statistical 

Review 2011: the numbers and trends. CRED, Brussels.   

Gwimbi, P. (2009). Linking Rural Community Livelihoods to Resilience Building in Flood 

Risk Reduction in Zimbabwe. National University of Lesotho. 

Hartwell, R. (2018). Trees are the Answer - We Just Have to Ask the Right Question! Tree-

Nation Projects, Bore-Singwaya, Article 3322. Posted on 26 May, 2018. 

https://tree-nation.com/projects/bore/article/3322-trees-are-the-answer-we-just-

have-to-ask-the-right 

IDMC (2019). Disaster Displacement: A Global Review, 2008-2018. Internal 

Displacement Monitoring Committee, German Humanitarian Assistance and 

Platform on Disaster Displacement. 

IFRC (2010). A Practical Guide to Gender-sensitive Approaches to Disaster Management. 

International Federation of Red Cross and Red Crescent Societies. 

https://tree-nation.com/projects/bore/article/3322-trees-are-the-answer-we-just-have-to-ask-the-right
https://tree-nation.com/projects/bore/article/3322-trees-are-the-answer-we-just-have-to-ask-the-right


 
 

89 

 

IFRC (2016). Resilience: Saving lives today, investing for tomorrow. World Disasters 

Report. International Federation of Red Cross and Red Crescent Societies. 

IPCC (2007). Climate Change 2007: Impacts, Adaptation and Vulnerability. Contribution 

of Working Group II to the Fourth Assessment Report of the Intergovernmental 

Panel on Climate Change. Cambridge University Press, Cambridge. 

IPCC (2012a). Glossary of terms in Managing the Risks of Extreme Events and Disasters 

to Advance Climate Change Adaptation. A Special Report of Working Groups I and 

II of the IPCC. Cambridge University Press, Cambridge. 

IPCC (2012b). Managing the Risks of Extreme Events and Disasters to Advance Climate 

Change Adaptation. Special Report. Cambridge, Cambridge University Press. 

Jean-Baptiste, N., S. Kabisch & C. Kuhlicke (2013). Urban vulnerability assessment in 

flood-prone areas in West and East Africa. In S. Rauch, G. Morrison, S. Norra & 

N. Schleicher (eds.), Urban Environment, Springer, Heidelberg, pp. 203–215. 

Jinadu, A.M. (2014). Rural Hazards and Vulnerability Assessment in the Downstream 

Sector of Shiroro Dam, Nigeria. In: Planet@Risk, 2(6): 370-375, Davos: Global 

Risk Forum GRF Davos. 

Johnson, J.D. (2006). Natural Disaster and Vulnerability. OECD Development Center 

Policy Brief No. 29. Berlin, OECD Development Center. 

Johnson, K. (2006). Demographic Trends in Rural and Small Town America. Reports on 

Rural America 1(1). Durham, NH: The Carsey Institute, University of New 

Hampshire. 

Karisa, C. (2010). A Negotiated Framework for Rehabilitation of Riparian zones in Nairobi 

city: The Case of Mathare River Valley. A Paper Presented at the 46th ISOCARP 

Congress on “Negotiated Rehabilitation of Riparian Zones”. 

Keinberger, S. (2007). Assessing the Vulnerability to Natural Hazards on the 

Provincial/Community Level in Mozambique: The Contribution of GIScience and 

Remote Sensing. Joint CIG/ISPRS Conference on Geomatics for Disaster and Risk 

Management., Toronto, Canada. 

Kidokoro, T. (2008). Community-based Approach for Improving Vulnerable Urban Space 

In T. Kidokoro, J. Okata, S. Matsumara (eds.), Vulnerable Cities: Realities, 

Innovations and Strategies. Springer Volume 8, 2008, pp. 3-13. 



 
 

90 

 

Kimeli, G. (2016). Decision Aid Model for Disaster Management and Resource Allocation. 

Thesis, M.Sc. Distributed Computing Technology, School of Informatics and 

Technology, University of Nairobi. 

KIRA (2014). Kilifi Secondary Data Review. Kenya Inter-Agency Rapid Assessment 

(KIRA). Kilifi: Government Printers. 

KNBS & SID (2013). Exploring Kenya’s Inequality: Pulling apart or pooling together 

(Kilifi County). Kenya National Bureau of Statistics and Society for International 

Development – East Africa. 

KNBS (2017). Economic Survey. Kenya National Bureau of Statistics. 

KNHS (2013). Basic Report. Kenya National Housing Survey. 

Konseiga, A. (2007). Household Migration Decisions as Survival Strategy: The Case of 

Burkina Faso. Journal of African Economies, 16: 198-233. 

KRCS (2018). Kilifi County Floods Summary Report. Kenya Red Cross Society. 

Le, P.D. (2015). Assessment of Household Vulnerability to Flood Risk: A Case Study in 

Vietnam. Conference Proceedings. 

Lorenzetti, A. (2013). A Social Analysis of Rural Communities Living in Disaster Prone 

Areas of Zambezia. Publifix, Maputo. Mozambican Red Cross. 

Maina, S.K. (2009). A Social Audit of Disaster Preparedness Plans and Structures. M.A 

Research Project, University of Nairobi. 

Mason, R. (2011). Confronting Uncertainty: Lessons from Rural Social Work. Australian 

Social Work, 64(3): 377–94. 

Meehl, G.A, T.F. Stocker, W.D. Collins, P. Friedlingstein, A.T. Gaye, J.M. Gregory, A. 

Kitoh, R. Knutti, J.M. Murphy, A. Noda, S.C.B. Raper, I.G. Watterson, A.J. 

Weaver & C.Z. Zhao (2007). Global Climate Projections. In: Climate Change 2007: 

The Physical Science Basis. Contribution of Working Group I to the Fourth 

Assessment Report of the IPCC. Cambridge University Press. Cambridge. 

Mehran, A., O. Mazdiyasni & A. Kouchak (2015). A Hybrid Framework for Assessing 

Socioeconomic Drought: Linking Climate Variability, Local Resilience and 

Demand. J. Geophys. Res. Atmos. 



 
 

91 

 

Motsholapheko, M.R., D.L. Kgathi & C. Vanderpost (2011). Rural Livelihoods and 

Household Adaptation to Extreme Flooding in the Okavango Delta, Botswana. 

Physics and Chemistry of the Earth, 36(14-15): 984-995. 

Muchunku, I.G. (2010). Evaluating Communication Methods for Disaster Management 

Strategies in Kenya. M.A Communication Studies Research Project, School of 

Journalism, University of Nairobi. 

Murambi, A. (2009). Mitigating Flood Risk by Use of GIS in Parts of Nairobi. BSc. Civil 

Engineering Research Project. Department of Civil Engineering, University of 

Nairobi. 

NDMA (2015). Drought Early Warning Bulleting for December 2015: December EW 

Phase. Kilifi County. National Drought Management Authority.  

https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/1818-kilifi-

december-2015. 

NDMA (2016). Drought Early Warning Bulleting for December 2016: December EW 

Phase. Kilifi County. National Drought Management Authority.  

https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/1878-kilifi-

december-2016. 

NDMA (2017). Drought Early Warning Bulleting for December 2017: December EW 

Phase. Kilifi County. National Drought Management Authority.  

https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/4674-kilifi-

december-2017. 

NDMA (2018). Drought Early Warning Bulleting for July 2018: December EW Phase. 

Kilifi County. National Drought Management Authority.  

https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/4881-kilifi-july-

2018. 

NRC (2006). Facing Hazards and Disasters: Understanding Human Dimensions. 

Committee on Disaster Reduction in the Social Sciences: Future Challenges and 

Opportunities. National Research Council. National Academy Press, Washington 

D.C. 

Okello, L.O. (2016). Vulnerability of Schools in Urban Informal Settlements to Hazards 

and Disasters: A Case Study of Nairobi’s Mukuru Kwa Njenga Informal 

https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/1818-kilifi-december-2015
https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/1818-kilifi-december-2015
https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/1878-kilifi-december-2016
https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/1878-kilifi-december-2016
https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/4674-kilifi-december-2017
https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/4674-kilifi-december-2017
https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/4881-kilifi-july-2018
https://www.ndma.go.ke/index.php/resource-center/send/19-kilifi/4881-kilifi-july-2018


 
 

92 

 

Settlement. M.A. Environmental Planning and Management Research Project. 

Department of Geography and Environment Studies, University of Nairobi. 

Omedo, G. (2008). Vulnerability of Urban Informal Settlements to Environmental 

Hazards: A Case Study of Korogocho in Nairobi. M.A. Environmental Planning 

and Management Research Project. Department of Geography and Environment 

Studies, University of Nairobi. 

Oo, A.T., G.V. Huylenbroeck, & S. Speelman. (2018). Assessment of climate change 

vulnerability of farm households in Pyapon District, a delta region in 

Myanmar. International Journal of Disaster Risk Reduction 28: 10–21. 

Opiyo, F., Wasonga, O., Nyangito, M., Schilling, J., & Munang, R. (2015). Drought 

Adaptation and Coping Strategies Among the Turkana Pastoralists of Northern 

Kenya. International Journal of Disaster Risk Reduction, vol. 6, 2015/09/19. 

OPW (2003). Flood Policy Review Final Report. Report of the Flood Policy Review 

Group. Office of Public Works. 

Oxfam. (2010). The rain doesn't come on time anymore: poverty, vulnerability and climate 

variability in Ethiopia. Addis Ababa: Oxfam International. 

Oyekale, A.S. &K.E. Gedion (2012). Rural Households' Vulnerability to Climate-related 

Income Shocks and Adaption Options in Central Malawi. Journal of Food 

Agriculture & Environment, 10(3-4):1505-1510. 

Oyundi, N. (2011). “Budgetary Allocation Processes of the Drought Contingency and 

other DRR/Response Funds: An analysis of constraints in the ASALS”. Oxfam, 

Nairobi. 

Paavola, J. (2008). Livelihood, Vulnerability and Adaptation to Climate Change in 

Morogoro, Tanzania. Environmental Science & Policy, 11: 642-654. 

Pandey, S., Ding, S., Bandhari H., Prapertchob, P., Sharan, R., Naik, D., Taunk, S., Sastri, 

A. (2007). Coping with Drought in Rice Farming in Asia: Insights from a Cross-

Country Comparative Study. Agricultural Economics, 37(s1): 213-224. December 

2007. 

Panthi, J., S. Aryal, P. Dahal, P. Bhandari, N.Y. Krakauer, and V.P. Pandey. (2016). 

Livelihood Vulnerability Approach to Assessing Climate Change Impacts on 



 
 

93 

 

Mixed Agro-Livestock Smallholders Around the Gandaki River Basin in 

Nepal. Regional Environmental Change 16(4): 1121–1132. 

Parvin, G.A, C.S. Annya, S. Rajib & B. Chaitee (2016). Flood in a Changing Climate: The 

Impact on Livelihood and How the Rural Poor Cope in Bangladesh. International 

Environmental and Disaster Management, Graduate School of Global 

Environmental Studies, Kyoto University. 

Parvin, G.A. & S. Rajib (2013). Role of Microfinance Institutions (MFIs) in Coastal 

Community’s Disaster Risk Reduction, Response and Recovery: A Case Study of 

Hatiya, Bangladesh. Disasters, 37: 165–184. 

Peduzzi, P., H. Dao, C. Herold & F. Mouton (2009). Assessing Global Exposure and 

Vulnerability towards Natural Hazards: The Disaster Risk Index. Natural Hazards 

and Earth Systems Sciences, 9: 1149–59. 

Phillip, S., S.F. Kew, G.N. Oldenborgh, F. Otto, S. O’Keefe, K. Haustein, A. King, A. 

Zegeye, Z. Eshetu, K. Hailemariam, R. Singh, E. Jjemba, C. Funk, & H. Cullen 

(2017). Attribution Analysis of the Ethiopian drought of 2015. Netherlands: 

Climate and Development Knowledge Network and World Weather Attribution 

Initiative. 

Prelog, A.J., & L.M. Miller (2013). Perceptions of Disaster Risks and Vulnerability in 

Rural Texas. Journal of Rural Social Sciences, 28(3): 1-31. 

Prowse, M. (2003). Towards a Clearer Understanding of ‘Vulnerability’ in Relation to 

Chronic Poverty. CPRC Working Paper. Chronic Poverty Research Centre. 

Prudhomme, C., I. Giuntoli, E.L. Robinson, D.B. Clark, N.W. Arnell, R. Dankers, B.M. 

Fekete,  W. Franssen, D. Gerten, S.N. Gosling, S. Hagemann, D.M. Hannah, H. 

Kim, Y. Masaki, Y. Satoh, T. Stacke, Y. Wadam & D. Wissern (2013). 

Hydrological Droughts in the 21st Century: Hotspots and Uncertainties from a 

Global Multimodel Ensemble Experiment. Proceedings of the National Academy 

of Sciences 111(9), December 2013. DOI: 10.1073/pnas.1222473110.  

Reynard, N.S., C. Prudhomme, S.M. Crooks (2001). The Flood Characteristics of Large 

UK Rivers: Potential Effects of Changing Climate and Land Use. Climate Change, 

48: 343–359. 

https://www.researchgate.net/journal/1091-6490_Proceedings_of_the_National_Academy_of_Sciences
https://www.researchgate.net/journal/1091-6490_Proceedings_of_the_National_Academy_of_Sciences


 
 

94 

 

Rios, R.A., Darido, G., Raskin, R.M. & Pulido, D. (2017). Resilience in urban transport: 

What have we learned from Super Storm Sandy and the New York City Subway? 

Posted on September 25, 2017. https://blogs.worldbank.org/transport/resilience-

urban-transport-what-have-we-learned-super-storm-sandy-and-new-york-city-

subway 

Roncoli, C., K. Ingram & P. Kirshen (2001). The Costs and Risks of Coping with Drought: 

Livelihood Impacts and Farmers’ Responses in Burkina Faso. Climate Research, 

19(2): 119-132. 

Rouse, J.W, R.H. Haas, J.A. Scheel & D.W. Deering (1974). Monitoring Vegetation 

Systems in the Great Plains with ERTS. A Paper Presented at the 3rd Earth 

Resource Technology Satellite (ERTS) Symposium. 

Saenz, R. & W. Peacock (2006). Rural People, Rural Places: The Hidden Costs of 

Hurricane Katrina. Rural Realities. 1(2): 1–11. 

Salami, R.O, M. Von, K. Jason & H. Giggins (2017). Urban Settlements' Vulnerability to 

Flood Risks in African Cities: A Conceptual Framework. Journal of Disaster Risk 

Studies, 9(1). 

Sam, A.S., R. Kumar, H. Kachele & K. Muller (2015). Quantifying Household 

Vulnerability Triggered by Drought: Evidence from Rural India in Climate and 

Development, June 2016. DOI: 10.1080/17565529.2016.1193461. 

Sen, A. (1981). Poverty and Famines, Oxford: Clarendon Press. 

Sen, A.K. (2005). Capability Approach and Education: Social Justice in Education Action 

and Research 13.1(1), March 2005. DOI: 10.1080/09650790500200279. 

Shitangsu, P., & Routray, J. (2009). Flood Proneness and Coping Strategies: The 

Experiences of Two Villages in Bangladesh. Disasters, 34(2):489-508, 2009/10/01. 

DOI: 10.1111/j.1467-7717.2009.01139.x. 

Sivakumar, M.V.K, R. Stefanski, M. Bazza, S. Zelaya, D. Wilhite & A.R. Magalhaes 

(2014). High Level meeting on national drought policy: Summary and major 

outcomes, Weather Clim. Extremes 3 (2014) 126–132, 

https://doi.org/10.1016/j.wace.2014. 03.007. 

https://blogs.worldbank.org/transport/resilience-urban-transport-what-have-we-learned-super-storm-sandy-and-new-york-city-subway
https://blogs.worldbank.org/transport/resilience-urban-transport-what-have-we-learned-super-storm-sandy-and-new-york-city-subway
https://blogs.worldbank.org/transport/resilience-urban-transport-what-have-we-learned-super-storm-sandy-and-new-york-city-subway
https://blogs.worldbank.org/transport/resilience-urban-transport-what-have-we-learned-super-storm-sandy-and-new-york-city-subway
https://blogs.worldbank.org/transport/resilience-urban-transport-what-have-we-learned-super-storm-sandy-and-new-york-city-subway
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F17565529.2016.1193461
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F09650790500200279


 
 

95 

 

Smit, B. & Wandel, J. (2006). Adaptation, Adaptive Capacity and Vulnerability in Global 

Environmental Change, 16(3): 282-292, August 2006. 

DOI: 10.1016/j.gloenvcha.2006.03.008. 

Stein, U., G. Özerol, J. Tröltzsch, R. Landgrebe, A. Szendrenyi & R. Vidaurre (2016). 

European drought and water scarcity policies. Chapter 2, in: H. Bressers, N. 

Bressers, C. Larrue (Eds.), Governance for Drought Resilience: Land and Water 

Drought Management in Europe, Springer Nature, Switzerland, 2016.  

Swift, J. & Hamilton, K. (2001). Household Food and Livelihood Security, in S. Devereux 

and S. Maxwell (editor), Food Security in Sub-Saharan Africa, London: ITDG 

Publishing. 

Tarbuck, P. (2018). An Exploratory Analysis into Urban Index-Based Micro-Insurance for 

Flood Risk in Nairobi: A community-based approach. Urban Africa Risk 

Knowledge Working Paper. Kings College London. 

Omedo, G. (2008). Vulnerability of Urban Informal Settlements to Environmental 

Hazards: A Case Study of Korogocho in Nairobi. M.A. Environmental Planning 

and Management Research Project. Department of Geography and Environment 

Studies, University of Nairobi. 

Tehrani, M.R.M.Z (2014). Vulnerability Measures for Flood and Drought and the 

Application in Hydrometric Network Design. Master of Applied Science in Civil 

Engineering Research Project, University of Waterloo. 

Thomas, V. & R. Lopez (2015). Global Increase in Climate-related Disasters. ADB 

Economics Working Paper Series 466/2015. Independent Evaluation. 

Thomas, S.K., Deborah, B., D. Phillips, W.E. Lovekamp & A. Fothergill (eds.) (2013a), 

Social Vulnerability to Disasters. CRC Press. 

Thomas, V. J., R.G. Albert & R.T. Perez (2013b). Climate-Related Disasters in Asia and 

the Pacific. ADB Economics Working Paper Series No. 358. Manila: Asian 

Development Bank. 

Thornton, P.K., M. Herrero, H.A. Freeman, A.M. Okeyo, E. Rege, P.G. Jones&J. 

McDermott (2007). Vulnerability, Climate Change and Livestock-opportunities 

and Challenges for the Poor. Journal of Semi-Arid Tropical Agricultural Research, 

4(1). 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.gloenvcha.2006.03.008


 
 

96 

 

Thywissen, K. (2006). Components of Risk. A Comparative Glossary. UNU-EHS, Source 

No.2/2006. 

Tiepolo, M. (2014). Flood Risk Reduction and Climate Change in Large Cities South of 

The Sahara. In S. Macchi & M. Tiepolo (eds.), Climate Change Vulnerability in 

Southern African Cities. Springer, Switzerland, pp. 19–36. 

Turner, B.L, R.E. Kasperson, P.A. Matson, J.J. McCarthy, L. Corell & R.W. L. Christensen 

(2003). A Framework for Vulnerability Analysis in Sustainability Science. 

Proceedings of the National Academy of Sciences of the United States of America. 

UN (2009). Risk and Poverty in Changing Climate: Global Assessment Report on Disaster 

Risk Reduction. United Nations: Geneva, Switzerland. 

UNDP (2004). Kenya Natural Disaster Profile. United Nations Development Program. 

UNDP (2010). Gender and Disasters. Bureau for Crisis Prevention and Recovery. United 

Nations Development Program. 

UNDP (2015). Sustainable Development Goals. United Nations Development Program. 

UNDP (2016). Building Resilient Communities: Kenya in Focus. United Nations 

Development Program. 

UNFCC (2008). Climate Change: Impacts, Vulnerabilities and Adaptations in Developing 

Countries. United Nations Framework Convention on Climate Change. 

UNHCR (2017). Climate Change, Disasters and Displacement. The United Nations High 

Commissioner for Refugees. 

UN/ISDR (2004). Living with Risk: A Global Review of Disaster Reduction Initiatives. 

The United Nations International Strategy for Disaster Reduction, Geneva: 

Switzerland. 

UN-OCHA (2011). East Africa Drought Humanitarian Report No.3. (UN)Office for the 

Coordination of Humanitarian Affairs. 

UN-OCHA (2017). Kenya: Humanitarian Dashboard. (UN) Office for the Coordination of 

Humanitarian Affairs. 

UN-OCHA (2018). Kenya Flash Update #1, Humanitarian Impact of Heavy Rains, 22 

April 2018. (UN) Office for the Coordination of Humanitarian Affairs. 

UN-OCHA (2018). Kenya Flash Update #4, Humanitarian Impact of Heavy Rains, 09 May 

2018. (UN) Office for the Coordination of Humanitarian Affairs. 



 
 

97 

 

Villagrán, J.C.V. (2006). Vulnerability: a conceptual and methodological review. UN 

University - Institute for Environment and Human Security, 4/2006, 64pp. 

Vogel, C., O. Brien & K. Aviso (2004). Vulnerability and Global Environmental Change: 

Rhetoric and Reality. Information Bulletin on Global Environmental Change and 

Human Security, Issue No. 13. Environmental Change and Security Project and the 

International Development Research Centre, Ottawa. 

Vojinović, Z. (2015). Flood Risk: The Holistic Perspective - From Integrated to Interactive 

Planning for Flood Resilience. IWA Publishing, London. 

Wachira, S.W. (2010). Assessment of Flash Floods in the Streets of Nairobi, their 

Relationship with Rainfall and Surface Run-off Drainage and their Impacts to its 

Residents. BSc. Meteorology Research Project. Department of Meteorology, 

University of Nairobi. 

Walter, P. (2015). Floods and Rural-Urban Migration in Bangladesh. The State of 

Environmental Migration 51(64). 

Watanabe, T., J. Cullmann, C.S. Pathak, M. Turunen, K. Emami, G. Ghinassi & Y. Siddiqi 

(2018). Management of Climatic Extremes with Focus on Floods and Drought in 

Agriculture. Irrigation. and Drainage, 67:29–42 (2018). Wiley Online Library, 

DOI 10.1002/ird.2204.s. 

Weis, S.W.M., V.N. Agostini, L.M. Roth, B. Gilmer, S.R. Schill, J.E. Knowles & 

R. Blyther (2016). Assessing Vulnerability: An Integrated Approach for Mapping 

Adaptive Capacity, Sensitivity and Exposure. Climatic Change, 136: 615. 

WESCOORD (2013). Knowledge, Attitudes and Practices Survey. Water and 

Environmental Sanitation Coordination. 

WESCOORD (2014). Vulnerability Capacity Assessment Tool & Guidelines: Assessing 

Hazard, Risk and Vulnerability. Water and Environmental Sanitation Coordination. 

WHO (2002) Gender and Health in Disasters. Department of Gender and Women’s 

Health. World Health Organization. 

WHO (2009). Impact of Natural Disasters on the Health Systems in Africa. World Health 

Organization. 

WHO (2011). Disaster Risk Management for Health. Disaster Risk Management for Health 

Fact Sheets. Global Platform, May 2011. 



 
 

98 

 

Williams, P.A., O. Crespo, and M. Abu. (2018). Assessing vulnerability of horticultural 

smallholders to climate variability in Ghana: Applying the livelihood vulnerability 

approach. Environment, Development and Sustainability.  

Wisner, B., P.M. Blaikie, T. Cannon & I. Davis (2004). At Risk: Natural Hazards, People’s 

Vulnerability and Disasters. Routledge, London. 

World Bank (2015). Disaster Risk, Climate Change and Poverty: Assessing the global 

exposure of poor people to floods and droughts. World Bank Group. 

Verner, D, D.O. Treguer, J. Redwood, J.H. Christensen, R. Mcdonnell, C. Elbert, Y. 

Konishi, Yasuo & S. Belghazi (2018). Climate Variability, Drought, and Drought 

Management in Morocco's Agricultural Sector (English). Washington, D.C. World 

Bank Group.  

Vincent, K. (2004). Creating an index of social vulnerability to climate change for Africa. 

Tyndall Centre for Climate Change Research, Norwich, UK. [online] URL: 

http://www.nrel. colostate.edu/ftp/conant/SLM-knowledge_base/Vincent_2004. 

Pdf. 

WSDA (2017). 2015 Drought and Agriculture: A Study by the Washington State 

Department of Agriculture. AGR PUB 104-495 (N/2/17). 

Yodmani, S. (2001). Disaster Risk Management and Vulnerability Reduction: Protecting 

the Poor; Social Protection. A Paper Presented at the Protecting Communities 

Workshop 6 on Social Funds and Disaster Management: Manila, Philippines. 


