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ABSTRACT 

Water is essential for human survival and development. However, many rural 

communities continue to experience various domestic water supply challenges. The 

purpose of this study was to explore the potential of stormwater as an additional 

source of water for domestic use in Kapseret Sub-County (KSC), Uasin Gishu 

County. The specific objectives were to assess domestic water consumption, to 

examine the potential of stormwater in KSC, to establish determinants of stormwater 

utilization (SWU) and to identify challenges in stormwater management (SWM). The 

study targeted households in rural settlements within KSC where a total of 404 

households drawn from a population of 59,746 households were interviewed. Sample 

size was determined using Yamane‘s sampling formula. Stratified random sampling 

was adopted. Both primary and secondary data sources were utilized. Qualitative and 

quantitative data from questionnaires, interviews, observation, photography, Remote 

Sensing imagery, Digital Elevation Models (DEM) and document analysis were used 

within the mixed approach design. To establish domestic water consumption, data 

from household questionnaires was collected and analyzed. Computation of mean was 

used to determine household and per capita domestic water consumption, while linear 

regression analysis was used to identify factors influencing household domestic water 

consumption. To estimate stormwater yield in Kapseret basin, rainfall, soil type, Land 

Use Land Cover (LULC) and slope data was utilized. Rainfall and temperature data 

was acquired from the Eldoret Airport and Kapsoya Meteorological stations. ArcGIS 

was used to process soil data, DEM, and LULC MAPS. Satellite imagery was 

downloaded from USGS website and processed using ArcGIS. Soil and Water 

Assessment Tool (SWAT) performed the maps overlay and estimated stormwater 

yield, and applied Multi-criterion analysis to map suitable sites for stormwater 

harvesting (SWH). Binary logical regression was utilized to identify factors 

influencing SWU. To determine the challenges of SWM, binary logistic regression 

and frequency analysis were utilized. The study established that daily household 

domestic water consumption was 149 liters and 168.8 liters in the dry and rainy 

seasons respectively, while per capita domestic water consumption was 41 liters and 

48 liters in the dry and rainy seasons respectively. Factors that influenced household 

domestic water consumption include income, household size, distance to water 

source, main housing type, education level of household head and capacity of water 

tank. Secondly, stormwater yield for the year 2019 was estimated as 353.38mm. 

Suitable zones and four sites for SWH were also identified. Thirdly, determinants of 

SWU include access to stormwater, level of awareness, outdoor uses, and perception 

that stormwater is unclean. Finally, the challenges to sustainable SWM include 

unavailability of land, insufficient financial and technical capacity and support, and 

lack of education on benefits and strategies of SWM. This study concluded that water 

supply in KSC is inadequate in the dry season. In addition, the potential for 

stormwater to augment existing water sources is high but remains untapped. In 

addition, access to stormwater would increase stormwater utilization. Finally, there is 

a lack of supportive institutional framework for SWM in KSC. The study 

recommended that authorities need to enhance rural water supply to households and 

prioritize development of SWH infrastructure to harness stormwater. Finally, 

communities must be educated on end uses of stormwater and on SWM strategies and 

benefits.  

Key words: water shortage, domestic water, stormwater utilization, access, potable  
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OPERATIONAL DEFINITION OF TERMS 

Augmentation means to include additional sources hence increase supply or to 

supplement 

Household domestic water consumption refers to the amount of water used in a 

domestic establishment for all routine tasks including flushing toilets, washing clothes 

and dishes, showering and bathing, drinking and food preparation. 

Household refers to a person or group of persons who reside in the same 

homestead/compound but not necessarily in the same dwelling unit, and have same 

cooking arrangements. 

Overexploitation is the long-term overuse of water resources resulting in a gradual 

decrease in water availability.  

Per capita water consumption is the average amount of water each person uses on a 

daily basis in liters. 

Stormwater is the water that flows on the earth surface resulting from heavy rain also 

referred to as runoff 

Stormwater harvesting is the collection, accumulation, treatment or purification, and 

storing of stormwater for its eventual reuse. 

Water scarcity is the long-term imbalance between water demand and water supply, 

caused by high average demand, low average water availability and/or problems with 

water supply 

Water shortage is the acute lack of water for (social, economic, or environmental) 

needs, caused by lower water supply than demand 

Water supply is the provision of water by public water provider, commercial 

organisations, community endeavors or by individuals 

Water yield is the volume of harvested water over a certain period of time 

 

 



xviii 

 

ACKNOWLEDGEMENT 

First, I wish to acknowledge Mr. Stephen Barno, the then Director of the Department 

of Water, Ministry of Environment, and the Kapseret Sub-County water officer, Mr. 

Charles Tonui for availing the information that I required. Secondly, I wish to 

acknowledge the support of my research assistants in data collection namely; 

Nicholas Sanet, Robert Chelal and Fibby Jelagat. Thank you. Finally, I cannot thank 

enough my supervisors, Prof. Eng. Emmanuel C. Kipkorir, Dr. Andrew Kiplagat and 

Dr. Job Ngetich for their exemplary guidance throughout this academic pursuit. 



1 

 

CHAPTER ONE 

 INTRODUCTION 

1.1 Background to the Study 

Water stress already affects every continent with physical water scarcity being a 

seasonal phenomenon in many instances (UNESCO/ UN-Water, 2020). As a matter of 

fact, global demand for water has been increasing at a rate of about 1% per year 

influenced by population growth, economic development and changing consumption 

patterns. At the same time, due to climate change, the wetter regions are becoming 

wetter and drier regions becoming drier (WWAP, 2018).  

Today, over 2 billion people live in countries experiencing high water stress, and 

about 4 billion people experience severe water scarcity during at least one month of 

the year. Stress levels will continue to increase as demand for water grows and the 

effects of climate change intensify (UNESCO/UN-Water, 2020; Day & Sharma, 

2020; WWAP, 2019; Pathak et al, 2019). Globally, 2.1 billion people lack safe 

drinking water, of whom four out of five live in rural areas (WHO/UNICEF, 2017) 

and this population is projected to increase to 4.8–5.7 billion by 2050 (WWAP, 2018). 

In 2020, about 25% lacked safely managed water in their homes (WHO/UNICEF, 

2021). 

It has been noted that rural Africa lags behind in provision of clean water 

(WHO/UNICEF, 2021). In spite of tremendous progress towards bridging the gap 

between water demand and supply, many people are still without access to improved 

and safely managed drinking water sources. In 2020, only 54% of people in Sub-

Saharan Africa had access to safe drinking water (WHO/UNICEF, 2021), while over 

javascript:;
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336 million rural people lived without basic drinking water in Africa (Hope et al., 

2020; WHO/UNICEF, 2017).  

Kenya, on its part, is yet to attain 100% water security. The United Nations classified 

Kenya as a water-scarce country since it has less than 1000m
3
 per capita of renewable 

freshwater supplies (GoK, 2006). Ondigo et al. (2018) observed that Kenya suffers 

from a chronic water crisis due to various causes among them droughts, forest 

degradation, floods, lack of proper water management strategies, water contamination 

and unprecedented population growth. About 80% of Kenya is made up of arid and 

semi-arid lands (ASALS) and only 20% is arable, hence exposing households to 

serious water shortages. Estimates indicate that only about 56% of Kenyans have 

access to safe water supply. 

In Uasin Gishu County, only about 58% of the population has reliable access to 

potable water, while the rest experience water scarcity during the dry seasons (UGC, 

2018; MoALF, 2017). The CIDP (2018) report documented that although the current 

domestic water demand in Eldoret and its environs stands at about 60,000 m
3
 per day, 

the current total water production is only 36,000m
3
 per day. Thus, water supply is 

insufficient to meet the demands of the increasing population throughout the year 

(UGC, 2018; MoALF, 2017).  

Domestic water demand continues to rise with the growing population. A rising 

population, coupled with climate change and increasing water consuming sectors like 

institutions, agriculture and construction industry without corresponding investment 

in water resource development is exerting pressure on existing water sources (UGC, 

2018; Goonetilleke et al., 2017; WWAP, 2012). This has led to increased abstraction 

of ground water, particularly through boreholes. WWAP (2012) noted that globally, 
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the rate of groundwater abstraction is increasing at an alarming rate by 1% to 2% per 

year. Salehi (2022) observed that depletion of groundwater sources is an impending 

danger, and suggests utilization of surface water to augment water supplies.  

Although Uasin Gishu County receives moderate to high rainfall annually, ranging 

between 624.9 mm to 1,560.4mm per annum, the rainfall is not evenly distributed 

throughout the year. The rainy season occurs between April and September, while the 

dry spell occurs between November and March (UGC, 2018). In Kapseret Sub-

County, massive land fragmentation and deforestation have resulted in land use 

change from forest to farmland. An example is the former East Africa Tanning and 

Extraction Company (EATEC), which had tree plantations that used to occupy a large 

section of Kapseret Sub-County, but has since been privatized, cleared extensively 

and converted to farmlands, residential area and pavements among other land uses. 

Land sub-division in KSC has been very high, such that the sub-county has the lowest 

average household land owning size of 0.77 hectares (Ha) compared to the county 

average of 5ha (CIDP, 2018).  Consequently, large volumes of stormwater are 

generated in the rainy season which can be harnessed for use in the dry season.  

Stormwater is increasingly acknowledged as a potential option for meeting the water 

demands (Day & Sharma, 2020; Pathak et al., 2019; Goonetilleke et al., 2017; 

Romano et al., 2014).  

Stormwater harvesting and reuse is a relatively new source of water with water 

resource planners recognizing it as a resource, rather than a nuisance (Luthy et al, 

2020). Although stormwater management can contribute in improving water security, 

stormwater is currently underutilized as source of water (Cousins, 2018). Stormwater 

harvesting has seldom been practiced in KSC. Although there are over 120 dams that 

were constructed by the colonial government in the county, these have to a large 
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extent been abandoned particularly due to siltation (UGC, 2018). These apparent low 

levels of stormwater harvesting and utilization in KSC have not been researched on 

and consequently gave impetus to the researcher to undertake a study on the same. 

1.2 Statement of the Problem 

Kapseret Sub-County comprises of rural, peri-urban and urban settlements. Most of 

the urban households get water supplies from the Eldoret Water and Sanitation 

Company (ELDOWAS) water supply system which is mandated to supply water to 

the Eldoret Municipality.  On the other hand, residents from rural and peri-urban 

settlements draw their water from shallow wells, rivers, streams, dams, springs, 

harvested rainwater and boreholes for domestic use. However, most of these sources 

are unreliable as they are seasonal and are prone to contamination from runoff during 

the wet seasons. Shallow wells, for example, are prone to drying up during dry 

seasons, forcing women and children to travel for longer distances to look for water 

for their families and that of their animals thereby wasting valuable time and energy 

that could have been used more beneficially. Evidently, access to clean, adequate and 

affordable water remains a developmental challenge due to the inadequacy of the 

existing water systems and effects of climate change UGC (2018). About 42% of the 

residents in UGC lack access to potable water.  Moreover, the available sources of 

water now face challenges including reduced water tables due to the destruction of 

water catchment areas. Consequently, most water sources drying up in the dry season. 

Population in Uasin Gishu has steadily grown over the years. The human population 

of UGC rose from 894,179 in 2009 to 1,163,186 in 2019. The annual growth rate in 

2019 was estimated at 2.7%, which was higher than the national rate of 2.2% (KNBS, 

2010: KNBS, 2019). This has increased the water demand significantly hence 
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aggravating the existing water supply challenges. Additionally, the unprecedented 

deforestation and resultant land uses in KSC have led to reduced capacity for water 

infiltration and groundwater recharge with concomitant effects on increased 

stormwater generation. Ironically, seasonal water shortages in KSC are experienced 

perennially despite heavy rains being received in the rainy season that sometimes 

cause floods downstream, which have huge social, environmental and economic 

implications. This study seeks to examine the potential of harvested stormwater to 

provide water for domestic uses, hence mitigate households from seasonal water 

shortage in the future in KSC. 

1.3 Objectives 

1.3.1 General Objective 

The purpose of this study was to explore the potential of stormwater in augmenting 

existing supplies for domestic use, with the aim of addressing seasonal water 

shortages in Kapseret Sub-County. 

1.3.2 Specific Objectives 

The study was guided by the following specific objectives: 

i. To assess domestic water consumption in KSC. 

ii. To examine the potential of stormwater harvesting in KSC. 

iii. To establish determinants of stormwater utilization in KSC. 

iv. To establish the challenges facing stormwater management in KSC. 

1.4 Research Questions 

The study sought to answer the following questions: 
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1. What are the domestic water consumption patterns in KSC? 

i. What is the daily household domestic water consumption in KSC? 

ii. What is the per capita domestic water consumption in KSC? 

iii. Which factors influence daily household domestic water consumption in 

KSC? 

2. What is the potential of stormwater harvesting in KSC? 

i. What is the stormwater yield in Kapseret basin? 

ii. Are there suitable sites for stormwater harvesting in KSC? 

3. Which factors influence stormwater utilization among households in KSC? 

4. What are the challenges associated with stormwater management in KSC? 

1.5 Justification of the Study 

The study was undertaken in Kapseret Sub County because the area experiences 

intermittent floods in the rainy seasons, followed by water shortages in the dry season. 

As a result, many households experience water shortages in the dry season and lack a 

reliable water supply system. No research has been done to assess the domestic 

consumption patterns particularly in the rural areas of KSC. In addition, stormwater is 

an underutilized resource that could potentially be used as an additional source of 

water to augment the existing water sources in water scarce areas (Cousins, 2018; 

Luthy et al., 2020). Literature has shown that stormwater harvesting, on a broader 

scale, is more economical than other sources such as rainwater harvesting (Marsden, 

2006). However, there has been little or no research on the level of stormwater 

utilization and potential of stormwater harvesting in Uasin Gishu County, and its 

capability to augment domestic water supplies towards meeting the rising domestic 
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water demand. This research, therefore, explores the potential of stormwater 

management as a nature based solution towards addressing seasonal water shortage in 

Kapseret Sub County. 

1.6 Significance of Study 

The findings of this study provide valuable information for policy makers in the water 

sector that can assist in enhancement of water supply through sustainable water 

supply and demand management. Data on domestic water consumption patterns is 

handy to water resource planners and engineers in forecasting future water demand 

and thus inform future water development plans. This research also provides valuable 

information on the potential of stormwater as an additional source of water for 

households for various uses. In addition, suitable areas for stormwater harvesting are 

mapped and provide valuable information for water resource developers. In addition, 

the study brings to the fore the determinants of stormwater utilization and challenges 

of stormwater management respectively. Finally, the study contributes to building a 

body of literature which can be used by other researchers in the future as research 

findings shall be published.  

1.7 Assumptions of the Study 

Since there is no empirical data on stormwater yield in the area of study to be used in 

the SWAT model, the regionalization approach was utilized to calibrate the model. 

The approach is based on the assumption that basins with identical characteristics 

have similar hydrologic responses. The neighbouring basins of Sosiani, Nzoia and 

Kaptagat rivers provided the SWAT model calibration parameters. 
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1.8 Scope of the Study 

The scope of study was confined within determined geographical and variable 

parameters. 

1.8.1 Geographic Scope 

The study was undertaken in Kapseret Sub-County, Uasin Gishu County, and covered 

rural part of Kapseret Sub-County and not areas experiencing urbanization.  

1.8.2 Variable Scope 

The research focused on stormwater runoff. It also addressed the sources and uses of 

domestic water, including all domestic routine purposes like cooking, drinking, 

cleaning utensils, cleaning houses, bathing, washing and toilet flushing. 
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CHAPTER TWO 

 LITERATURE REVIEW 

2.1 Introduction 

This Chapter reviews literature and presents theoretical and conceptual frameworks. 

The chapter describes domestic water consumption, water supply in rural areas, water 

scarcity, stormwater, estimation of stormwater yield, siting suitable sites for 

stormwater harvesting, stormwater utilization, stormwater management, and legal and 

institutional frameworks. In addition, the theories underpinning this study including 

the Ecological Modernization Theory and the Boserupian Theory are also discussed.  

2.2 Domestic Water Consumption 

Domestic water refers to water used for all usual domestic purposes including 

consumption, bathing and food preparation (Abubakar, 2019; WHO, 2002).  It 

exempts water used for non-human consumption like lawn irrigation, washing cars 

and watering animals. Pickard et al. (2017) defined domestic water demand as the 

amount of water used for human purpose and not for irrigation, livestock, aquaculture, 

industrial, mining and thermoelectric power water use. Assefa et al. (2019) agreed 

that domestic water consumption is a variable used to determine the current state of 

water consumption in routine household activities. 

Water used for domestic consumption must be safe for human consumption. Potable 

sources include those from protected or improved sources. Improved drinking water 

refers to water sourced from a tap located within premises or yard/plot, a public stand 

pipe, a tube-well, a protected dug well or spring, and properly harvested rain water 

(UNICEF/WHO, 2015).  

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aquaculture
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Apart from safety, domestic water must be available in sufficient quantities. 

According to National Academy of Sciences (1999), the quantity of water used in any 

activity is jointly determined by the supply of water available to support that activity 

and the demand for water in that activity. Both the supply and the demand for water 

are further determined by variables that tend to be location specific. Crouch et al. 

(2021) suggested that realistic estimates on water consumption can be achieved based 

on water use activities, while Reynaud et al. (2018) noted that household water 

consumption provides a measure of the pressure on the environment in terms of water 

abstraction from different water sources through household use. 

Domestic water consumption varies from one household to another. Generally, 

domestic water consumption is high in developed countries. Assefa et al. (2019) 

defined per capita domestic water consumption on the other hand as the amount of 

water used per person per day for domestic needs. This varies from one household to 

another. The value adopted internationally for basic human water needs is about 50 

liters per person per day (WHO/UNICEF, 2017; Gleick, 1996). Table 2.1 shows per 

capita water consumption in different regions. 
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Table 2. 1: Per capita domestic water demand in various regions 

S/No           Region Per capita  

water 

demand in 

liters 

    Reference 

1.  Seven provincial towns in Cambodia 72  Basani et al. 

(2008) 

2.  Madagascar 88 Larson et al. 

(2006) 

3.  Salatiga city- Indonesia 130  Rietveld et al. 

(2000) 

4.  Sri Lanka- Gampaha, Kalutara and 135  Nauges & Van 

Den Berg (2009) 

5.  Rural 

China- 

Wei 

River 

Basin 

Continuous Water Supply 71.3  

 

Fan et al. (2013) Intermittent piped water 52.0 

Public tap access 46.5 

Average 56.2 

6.  Ngamiland District- Botswana 20.6 liters Oageng & 

Mmopelwa 

(2014) 

7.  Europe Berlin 113  

Stavenhagen et al. 

(2018) 

Copenhagen 104 

Tallin and Zaragoza 96 

8. 

9. 

 

10.                                                            

Asia            Beijing 

Kenya     Iten Town 

 

Kenya     Kisumu City                                                                       

129.3 

44 

 

32.9 

Lu et al. (2018) 

Ngetich et al. 

(2018) 

Wagah et al. 

(2010)  

 

Global water consumption has increased and continues to grow steadily at a rate of 

about 1% per year because of increasing population, economic development and 

shifting consumption patterns (UNESCO/UN-Water, 2020; WWAP, 2018). 

Baalousha & Ouda (2017) attributed the increasing global water demand to high 

population size, urbanization, and rising standards of living. 

Fan et al. (2013) observed that it may be difficult to identify factors that influence 

domestic water consumption because of the complexities of water use patterns. 

Oageng & Mmopelwa (2014) noted that although many studies have been conducted 
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to determine factors influencing water consumption, those done in rural areas, where 

water is obtained from open sources, are limited. However, various researchers have 

attempted to identify the factors that influence both household and per capita domestic 

consumption.   

2.2.1 Factors that Influence Domestic Water Consumption 

There are numerous factors that influence domestic water consumption which are 

discussed herein. 

a) Household Income and Price of Water 

Income positively correlates with household domestic water consumption (Oyerinde,  

&  Jacobs, 2022; Navascues & Morales, 2018). Reynaud et al. (2018) observed that 

high living standards are sustained by higher incomes, leading to high rates of 

domestic water consumption. Hoyos & Artabe (2017) however noted that the 

relationship between income and domestic water consumption is inelastic, hence an 

increase in income has just a small effect on domestic water consumption as water is 

an essential commodity with low substitutability. Rahayu & Rini (2019) observed that 

families limit their household water uses depending on their propensity to pay for the 

water. Wang et al. (2021) on their part noted that wealthier homes consume more 

water because of a high standard of living. In addition, the price of water has a 

negative effect on domestic water consumption. That means that the lower the price of 

water, the higher the consumption (Lu et al., 2018; Ojeda, 2016; Romano et al., 2014; 

Fan et al., 2013).  

 

 

javascript:;
javascript:;
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b) Source of Water 

The source of water also influences domestic water consumption. Hope et al. (2020) 

observed that rural water consumption varies as households choose between the 

various water sources including rainwater harvesting, dug wells, ponds, water kiosks 

with public taps, vended water, or private tap connections. Singh & Turkiya (2013) 

noted that households at close proximity to water sources were likely to use more 

water. Wagner et al. (2019) were in agreement, and identified factors affecting choice 

of water source as including income, price, accessibility irrespective of quality, and 

taste of water. However, Oageng & Mmopelwa (2014) reckoned that distance to the 

water source was not an important factor in determining per capita water demand in 

Botswana. Water supply patterns also influence domestic water demand, with 

households having intermittent water supply consuming less water compared to those 

with continuous supply (Ojeda et al., 2016; Fan et al., 2013). Nauges &Whittington 

(2010) observed that households with a private source of water tend to use more than 

those that depend on public sources. Wagner et al. (2019) consented that households 

prefer private water sources and least prefer surface water sources like rivers. 

Thomson et al. (2019), however, noted with concern that the presence of a protected 

water source does not guarantee its use, especially in the rainy season when 

households have access to rainwater and surface water sources. Wagner et al. (2019) 

agreed with this observation, noting that accessibility to water sources was a stronger 

determinant of choice of water source. They also observed reduction of groundwater 

use in the rainy season because of increased use of rain water and surface water and 

attributed this to proximity to water source. 
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c) Housing Type 

Domestic water consumption is influenced by the housing type. Housing type is 

defined by the size, number and uses of rooms, and material of construction of the 

houses. Ojeda et al. (2016) noted that with an increase in the number of bathrooms in 

the household there was an increase in the water consumption at the house. Hoyos & 

Artabe (2017) noted that bigger houses consume more water in cleaning and 

gardening. 

d) Household Size 

Domestic household water used is influenced positively by the number of persons in 

the household (Fan et al, 2013; Rathnayaka et al., 2014; Ojeda et al., 2016, Aho et al., 

2016; Wagner et al., 2019). However, studies have shown declining per capita use 

rates as the number of persons living in the household increases due to shared usage 

like cooking and cleaning (Fan et al., 2013; Mimi & Smith, 2000). On a larger scale, 

Wang et al. (2021) and Rahayu & Rini (2019) noted that population density caused 

variation in domestic water consumption among cities. Cities with high population 

densities have higher domestic water demand. 

e) Technology and Conservation Attitudes 

Household water-using technology, such as low-flow toilets, may also be an 

important determinant of per capita domestic water use, as are household appliances 

such as clothes and dishwashers. The use of water saving appliances significantly 

reduces water consumption (Lu et al., 2018; Martin et al., 2018; Rathnayaka et al., 

2014; Fan et al., 2013).  
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Conservation attitudes and strategies are one approach towards managing domestic 

water demand. Crouch et al. (2021) observed that various conservation efforts lead to 

more efficient use of water. Sauri (2013) observed that in Europe, water conservation 

was used to significantly lower the water demand. Stavenhagen et al. (2018) further 

notes that awareness about the need to conserve water generally reduces domestic 

water consumption.  

f) Water Use Category 

Another factor that influences domestic water consumption is the domestic water use 

type. Crouch et al. (2021) defines a water use activity as a specific activity, either 

indoor or outdoors, for which water is used. Specific outdoor uses increase domestic 

water demand (Crouch et al., 2021; Reynaud et al., 2018). These include irrigated 

lawns and/or garden beds (Rathnayaka et al., 2014; Fan et al, 2013;), livestock (Fan et 

al., 2013), and swimming pools (Navascues and Morale, 2018; Rathnayaka et al., 

2014). Aho et al. (2016) observed that the number of cars one washed at home 

influenced the household water demand. Crouch et al. (2021) observed that outdoor 

uses result from generally higher level needs like need for swimming pools and 

irrigated gardens, and influence household domestic water consumption significantly 

based on the local climate and building preferences. Because of the high water 

requirement of most outdoor uses, many water scarce regions are regulating allocation 

of water for outdoor water uses. Indoor uses include water activities for provision of 

basic needs including drinking, cooking, basic hygiene and sanitation. 

g) Climate 

Climate also influences domestic water consumption. In many cases, hot climates lead 

to an increase in domestic water consumption (Reynaud et al., 2018; Lu et al., 2018; 
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Rathnayaka et al., 2014). Hoyos & Artabe (2017) noted that when precipitation is 

lower, pressure for water uses is higher, hence a higher water demand in the dry 

season. Wang et al. (2021) further emphasized the role of high temperature in 

increasing domestic water consumption. They noted that the existence of urban heat 

accounts partly for the higher amount of domestic water consumed in urban areas that 

in adjacent rural settlements. In addition, they noted that towns with higher 

temperature record higher domestic water consumed compared to those with lower 

temperature. 

h) Level of Education 

Level of education influences domestic water consumption in various ways. Hoyos & 

Artabes (2017) noted than in Spain, level of education had a positive influence on 

domestic water demand. On the other hand, the level of awareness to water 

conservation could reduce water consumption when people consciously avoid 

wastage of water and adopt various conservation strategies. Koutiva et al. (2017) 

observed that highly educated people generally conserve water, since environmental 

behavior towards water conservation is highly correlated with higher education levels.  

2.3 Water Supply in Rural Areas 

More people in Africa currently live in rural settlements compared to the urban 

population. WWAP (2019) noted that people living in rural areas account for about 

60% of the total population of Sub-Saharan Africa, and many of them remain in 

poverty.  WHO/UNICEF (2021) further noted that 80% of people without basic water 

services live in rural areas, and that water supply lags behind particularly in rural 

areas.  WHO/UNICEF (2021) and WHO (2021) concurred and noted that there is 

need to quadruple efforts towards water supply if SDG 6 is to be achieved by 2030. 



17 

 

As a result, millions of poor people in rural areas, particularly women and children in 

low and middle-income countries, spend long hours fetching water from unsafely 

managed sources. When water sources run dry particularly in the dry season, they 

often face competition for the limited amounts of available water for domestic and 

productive uses, such as watering crops or animals (WWAP, 2017; Bates et al., 2008).  

Kimani et al. (2015) cited than in Makueni, people walk for more than 3 kilometers 

daily, spending more than one hour looking for water. The sources of domestic water 

include streams and rivers, boreholes, wells, dams, roof catchments and springs. 

Wagner et al. (2019) noted that in rural areas of Meru, the sources of water include 

shallow wells, boreholes, taps, rivers, springs, swamps and in the driest months, 

households buy water from water vendors. In Uasin Gishu County, only 42% had 

access to potable water in 2018. In the dry season, people look for water for relatively 

long distance of up to 2 kilometers from open or protected sources. The sources of 

water in UGC include dams, boreholes, shallow wells, springs and rivers (UGC, 

2018). These sources are prone to seasonal fluctuations directly influenced by rainfall 

patterns, exposing households to seasonal water shortages. 

The lack of access to safe drinking water in many rural areas can be rightfully 

attributed to water infrastructure that remains extremely sparse, so that millions of 

women, men and children are not covered by water and sanitation services. Water 

supply infrastructure in rural areas of developing countries like Kenya is barely 

developed, with residents accessing water from open sources. In addition, institutional 

capacity, including domestic resource mobilization and budget allocations has been 

insufficient to cater for maintenance needs of the installed water infrastructure 

(WHO/UNICEF, 2021; WWAP, 2019). Furthermore, Hope et al. (2020) averred that 

there is a disconnect in the approaches which address the socio-technical interface of 
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rural water supply, and that the ‗hardware‘ and ‗software‘ components of 

functionality are often treated separately rather than as interrelated.  

2.4 Water Stress 

Water stress is a concern in many parts of developing countries today. Water stress 

refers to the lack of available safe water for consumers (Salehi, 2022). It is 

characterized by difficulty in accessing fresh water sources. (Crouch et al., 2021). 

Water scarcity and water shortage are elements of water insecurity and are one of the 

major global challenges today. Dandy et al. (2019) noted that existing water sources 

are currently under stress due to the ever rising water demand. As a response, dealing 

with water insecurity is one of the 2030 global Agendas for Sustainable Development. 

SDG 6 strives at achieving a water security in the world by 2030 (WHO, 2021; 

WWAP, 2017). Assefa et al. (2019) defined domestic water security as the ability of a 

population to safeguard sustainable access to adequate quantities of acceptable quality 

water for the basic household needs of drinking, sanitation, and hygiene. Global water 

security is yet to be achieved. Srinivasan et al. (2017) noted that the concept of water 

security has arisen in response to the multifaceted nature of the global water crisis.  

Water stress is aggravated by the rising water demand. WWAP (2019) and Salehi 

(2022) observed that water scarcity on a per capita basis has been increasing and 

project that it will continue to increase due to population growth and climate change. 

In addition, distribution of water resources is a drawback in certain regions. Although 

the total Internal Renewable Water Resources (IRWR) for the world average 7,453 m
3 

per person per year, these resources are distributed quite unevenly geographically 

(WWAP, 2019), as presented in Figure 2.1.   
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Source: FAO, IFAD and WFP (2014). 

Fig 2. 1: Global Water Distribution 

Consequently, two thirds of the world‘s population lived in areas that experience 

water scarcity for at least one month in a year while about 500 million people live in 

areas where water consumption exceeds the locally renewable water resources by a 

factor of two in 2017 (WWAP, 2017). In 2020, around four billion people experience 

severe physical water scarcity for at least one month per year, a situation that was 

exacerbated by the climate change (UNESCO/UN-Water, 2020).  

The level of water insecurity in certain parts of the world is appalling. The World 

Health Organization (WHO) and UNICEF Joint Monitoring Programme estimated 

that in 2015, 1.1 billion people (17% of the global population) lacked access to water 

resources, where access is defined as the availability of at least 20 liters of water per 

person per day from an improved water source within a distance of 1 km. An 

improved water source is one that provides ‗safe‘ water, such as a household 

connection or a bore hole. Additionally, WHO estimated that the total burden of 

disease due to inadequate water supply, and poor sanitation and hygiene, was 1.7 
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million deaths per year (UNICEF/WHO, 2015). WHO/UNICEF (2021) noted that 

Sub-Saharan Africa is experiencing the slowest rate of progress in water supply in the 

world, with 46% of people lacking access to clean drinking water. Already, parts of 

Northern and Southern Africa and the Middle East experience absolute water scarcity. 

As population grows and water resources remain more or less constant, many 

countries are projected to fall below 1000m
3
 per person (WWAP, 2019). It is 

projected that water scarcity will worsen in the future, due to a variety of factors 

including climate change, rising populations, increasing human activity and 

urbanization (WHO/UNICEF,2021; Assefa et al., 2019; WWAP, 2017; Lim et al, 

2011). WHO/UNICEF (2021) expressed concern that several years into the 

Sustainable Development Goals (SDGs), the world is not yet on track on SDG 6 on 

attaining water security.  

Kenya is classified as a water scarce country with an annual renewable freshwater per 

capita of 647m
3
 (Njora & Yılmaz, 2020; UNEP, 2008; GOK,2006), as can be seen in 

Figure 2.2.  Falkenmark & Widstrand (1992) established benchmarks for water stress 

of between 1000m
3
 and 1700m

3
 per person, water scarcity of between 500m

3
 and 

1000m
3
 per person, and absolute scarcity of less than 500m

3
 per person. The United 

Nations recommends a minimum of 1,000m
3
 per capita per year. The problem of 

water scarcity is already being felt in Kenya, particularly during the dry seasons. 

Njora & Yılmaz (2020) opined that the severe crisis in Kenya could be aggravated by 

multiple causes including drought, deforestation, floods, land pressure from 

population growth, water contamination, lack of proper water management measures, 

and ineffective water policies.  
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2.4.1 Addressing Water Scarcity 

To address the existing water scarcity, there is need to proactively consider both water 

demand and supply management. Several strategies have been suggested towards this 

end. In an effort to balance domestic water demand and supply, Stavenhagen et al. 

(2018) observed that domestic water consumption can be significantly reduced 

through using water efficient devices, water restrictions, tariff policies and raising 

awareness about need for water conservation. Using examples from megacities in 

China, Lu et al. (2018) noted that expanding water sources through basin water 

transfer and desalination, subsidizing households to adopt water saving appliances 

and adopting a multi-tier pricing system would also help in dealing with water 

shortages. 

Srinivasan et al. (2017) opined that human adaptation to environmental change in the 

modern world necessitates a more flexible and dynamic view of water security. Salehi 

(2022), Anwar (2019) and Pathak et al. (2019) agreed that because current freshwater 

availability is impacted by climate change, rapid urbanization, and an increase in 

population, alternative water resources need be explored. Cosgrove & Loucks (2015) 

suggested that in this era of growing water scarcity there is need to identify how to 

use our technical capacity and human ingenuity to reduce inefficiencies in the 

utilization of water resources. The new era of water management   involves a search 

for untapped water sources, one of which is stormwater (UNESCO/UN-Water, 2020; 

Dandy et al., 2019; NASEM, 2016). Among all alternatives, stormwater has been 

found as among the most promising for reuse and recycling (Anwar, 2019; Cousins, 

2018). Zhang et al. (2020) noted that stormwater can actually help alleviate water 

insecurity by providing water for domestic use.   
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2.5 Stormwater 

Stormwater is generated when precipitation from rainfall does not infiltrate into the 

ground but flows off the land and impervious surfaces (Luthy et al., 2020; Dandy et 

al., 2019). Bassi et al. (2017) observed that stormwater runoff is water that is not 

absorbed by soil because the surface is saturated or sealed. They noted that the 

saturation point of surface areas depends on the soil type, landscape, 

evapotranspiration and biodiversity of the area. National Research Council (2012) 

observed that stormwater can be measured in a downstream river, stream, ditch, 

gutter, or pipe shortly after the precipitation has reached the ground.  

The recent changes to natural conditions and processes are among the most radical of 

any human activity and are to blame for increasing stormwater runoff volumes. The 

rapid development of urban and suburban areas has limited the natural infiltration of 

water. Increase in impermeable areas has in turn raised the risk of flooding through 

generation of huge volumes of runoff. Changes in land use, land cover and climate 

intertwine to create changes in runoff coefficients and water stress (Batalini et al., 

2019; Prudencio & Null, 2018; Ayeni et al., 2015). Figure 2.2 shows the role of 

development in increasing runoff generation. 
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(Source: Prudencio & Null 2018) 

Fig 2. 2: Schematic presentation of effect of development on runoff 

Leeuwen et al. (2019) observed that although stormwater could have negative impacts 

on human living spaces, infrastructure and natural environments, it has immense 

value as a water resource. Stormwater is a valuable resource and should be harnessed 

(Hager et al.,2021; Luthy et al., 2020; Wijesiri et al., 2020; Zhang et al., 2020: 

Leeuwen et al., 2019). 

2.5.1 Stormwater Harvesting 

Stormwater harvesting (SWH) is used in the literature to refer to the collection, 

storage, treatment and use of runoff from urban surfaces such as roads and drains that 

would otherwise drain to a water body (Akram et al., 2014; O‘Connor et al., 2007). 

While rainwater involves collection of water from rooftops, SWH entails collection of 
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runoff from seasonal streams, gullies, creeks and underground conveyances. SWH is 

one of the ways that man tries to avert water shortages (Gallo et al., 2020; Okedi & 

Armitage, 2019; Luthy et al., 2020; Kimani et al., 2015). Sivapalan (2015) observed 

that it is increasingly recognized that water systems are not only impacted on by 

humans, but human societies also adapt in response to changes in water systems at 

different time scales. Some countries have adapted to these changes by harvesting 

stormwater.   Table 2.2 shows countries that have practiced stormwater harvesting 

across the world. 

Table 2. 2: Examples of countries that have practiced stormwater harvesting around the 

world 

S/No. Continent City/State Source 

1. Africa Cape Town, Republic 

of South Africa 

Okedi & Armitage (2019) 

Kenya Kimani et al. (2015) 

2.  USA California Watereuse California (2019) 

Washington D.C National Academies of 

Sciences(2016) 

Los Angeles Gallo et al. (2020) 

3.  Australia Melbourne Luthy et al. (2020) 

Adelide Leeuwen et al. (2019) 

4. Asia Singapore Lim et al. (2011) 

In Kenya, the practice of harvesting stormwater is carried out mainly in the more arid 

and semi-arid regions (ASALs). Typically, the harvested water is stored in tanks or 

dugout water pans which are ponds used for storing water that runs off fields and 

roads, or used directly for crop production. However, the adoption rate is generally 

low because of poor awareness of the technology by farmers and poor information 
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transfer by agricultural extension officers to farmers. Another problem is 

sedimentation in dams (GOK, 2018). Kimani et al. (2015) noted that in Makueni, 

there was slow adoption of water harvesting technologies irrespective of their high 

potential to improve livelihoods. The available technologies include shallow wells, 

earth dams, water pans, and rock catchment structures. 

2.5.2 Advantages of Stormwater Harvesting  

SWH presents a variety of benefits including augmenting existing water sources, 

groundwater recharge, improving water quality and flood mitigation.  

a) Water Supply 

Harnessing stormwater provides an alternative source of water for domestic use. 

Stormwater utilization helps to reduce pressure on potable uses by providing water for 

non-potable uses (Hager et al., 2021; Gallo et al.,2020; Luthy et al., 2020; Okedi & 

Armitage, 2019; Leeuwen et al., 2019; Batalini et al., 2019; Hammes et al., 2018). 

National Academies of Sciences, Engineering, and Medicine, NASEM (2016) and 

Pathak et al. (2020) noted that utilization of stormwater also provides ways to 

augment and diversify local water supplies and reduce reliance on imported water 

supplies. Appropriate treatment technologies can be utilized to improve the quality of 

water so that it be used for potable uses (Payne et al., 2019; Luthy et al, 2019).  

b) Aquifer Recharge 

Stormwater harvesting plays a significant role in aquifer recharge. WWAP (2019) 

noted that stormwater reservoirs enhanced aquifer recharge leading to an increase in 

surface water availability, including during dry seasons. Kubbinga (2015) in his study 

confirmed that stormwater collection helped in groundwater recharge, which was 
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evident in shallow wells that used to dry before becoming more productive even 

during the dry seasons. In addition to potentially being accessed directly for instance 

through wells, aquifers can also augment surface water availability via lateral 

groundwater flows into natural waterways. When managed from a watershed level, 

stormwater can be reconsidered as a potential resource for groundwater recharge (Day 

& Sharma 2020; Luthy et al., 2020).  

c) Attenuating Flooding 

Floods can be reduced through adoption of various stormwater management 

strategies. Stormwater harvesting helps to control the volume of water flowing into 

the drainage system hence minimize pluvial flooding (Metto et al., 2020; Okedi & 

Armitage, 2019; Payne et al., 2019; Luthy et al., 2020; Leeuwen et al., 2019; Qiao et 

al., 2018). Anim et al. (2019) noted that stormwater harvesting can be used to mitigate 

against excess stormwater volumes, hence control flows. 

d) Improving Water Quality 

Anthropogenic activities like agriculture and manufacturing contribute to pollution in 

the form of oils, grease, toxic contaminants and other chemicals, and leads to 

decreasing stormwater quality. The chemical effects of stormwater runoff are 

deleterious (Vojtek & Vojteková, 2016). However, SWH has clear benefits in 

reducing pollutant loads to water bodies like streams, rivers, lakes and the ocean 

(Zhang et al., 2020; Payne et al., 2019; Leeuwen et al., 2019; Kipyego & Ouma, 2018; 

Hammes et al., 2018; WWAP, 2018; Deletic et al., 2018). Downstream, reduced 

pollutant loads leads to healthier aquatic ecosystems (Payne et al., 2019). 
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Natural and constructed wetlands can also help improve water quality as opposed to 

the conventional drainage systems which were generally focused on managing local 

flooding and largely ignored the need to preserve or improve water quality (Armitage 

et al., 2013; Burns et al., 2010; Woods-Ballard et al., 2007; AMEC et al., 2001).  

2.5.3 Stormwater Harvesting Systems 

A stormwater harvest and reuse system is a constructed system that captures and 

retains stormwater for beneficial use at a different time or place than when or where 

the stormwater was generated. A stormwater harvesting and use system potentially 

has four components as outlined by Philp et al. (2008). 

i. Collection system which could include the catchment area and stormwater 

infrastructure such as curb, gutters, and storm sewers 

ii. Storage unit (such as a cistern or pond) 

iii. Treatment system: pre and post (that removes solids, pollutants and 

microorganisms, including any necessary control systems), if needed, and the 

iv. Distribution system (such as pumps, pipes, and control systems). 

These major components are shown in Figure 2.3. 

https://stormwater.pca.state.mn.us/index.php?title=Stormwater_and_rainwater_harvest_and_use/reuse
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(Source: Philp et al. 2008) 

Fig 2. 3: A model stormwater harvesting and use system 

The specific components of a stormwater harvesting and use system vary by 

the harvested stormwater source including rooftops, low density development, traffic 

and areas, and the beneficial use of stormwater such as irrigation, flushing, washing, 

bathing, cooling drinking. 

2.5.4 Siting Suitable Stormwater Harvesting Sites 

Reservoir siting involves identification of the most suitable sites for location of water 

harvesting infrastructure. There are three main techniques used in dam siting, 

including GIS/RS methods, Multicriteria Decision Making and Machine Learning 

Methods.  Setiawan & Nandini (2022) critically evaluated the application of each 



29 

 

method. Although GIS/RS methods have the ability to analyze and capture data with 

significant accuracy, all factors are weighed equally, which is not realistic. 

Multicriteria Decision Making on the other hand addresses the shortcoming of 

GIS/RS methods by weighing the influence of multiple factors differently, while still 

utilizing the GIS/RS geospatial techniques in siting. In addition, they are a cost 

effective approach (Wondimu & Jote, 2020; Buraihi et al., 2015). Zamarrón-Mieza et 

al. (2017) observed that the Multi-criteria Decision Analysis technique is a useful tool 

for comprehensive management of dams at all levels. Machine Learning Methods on 

the other hand is suitable when dealing with complex data.  

Setiawan & Nandini (2022) noted that dam siting is usually site specific due to a 

regions‘ unique characteristics. As a result, factors to consider while identifying 

suitable sites are dependent on the purposes of the dam.  Sayl et al. (2020) and 

Mbilinyi et al. (2007) observed that important factors to consider while siting a 

stormwater reservoir include topographical, geological, hydrological, socio-economic, 

environmental and water quality.  

Wondimu & Jote (2020), Buraihi et al. (2015) and Critchley & Siegert (1991) 

observed that gently sloping areas are good sites for location of dams. Critchley & 

Siegert (1991) recommended slopes of not more than 5%. Land uses are also 

considered when selecting suitable sites for stormwater harvesting. Wondimu & Jote 

(2020) and Mbilinyi et al. (2007) noted that areas land uses such as bare land that 

generate high volumes of runoff are ranked highly for siting reservoirs. They noted 

that water harvesting dams should be located in areas with significant runoff as 

opposed to areas with little runoff such as in forested areas. Setiawan & Nandini 

(2022) concurred, noting that land use types and spatial extent of vegetation 
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influences runoff velocity and yield. Soil type and proximity to roads are important 

factors to consider when selecting suitable dam sites. Wondimu & Jote (2020) and 

Mbilinyi et al. (2007) noted that sites with clay soils are best for location of dams 

because of inherent capacity of clay soils to hold harvested water. Wondimu & Jote 

(2020) and Sayl et al. (2020) further observed that stormwater harvesting dams should 

be located in close proximity to stream network so as to capture runoff. On socio-

economic factors, Setiawan & Nandini (2022) concluded that dams should be situated 

away from roads and settlement because of conflict of interests amongst users, and 

because of safety considerations. 

2.6 Estimation of Stormwater Yield 

There are three major methods that are commonly used to estimate the quantity of 

stormwater; rational method, Soil Conservation Services- Curve Number (SCS-CN) 

method and the Soil and Water Assessment Tool (SWAT). In both rational and SCS-

CN method, the quantity of stormwater is considered as function of intensity of 

rainfall, coefficient of runoff and area of catchment. (LMNO Eng., 2012).    The total 

precipitation falling on any area is dispersed as percolation, evaporation, storage in 

ponds or reservoir and surface runoff. The runoff coefficient can be defined as a 

fraction, which is multiplied with the quantity of total rainfall to determine the 

quantity of rain water, which will reach the sewers. The runoff coefficient depends 

upon the porosity of soil cover, wetness and ground cover. The overall runoff 

coefficient for the catchment area can be worked out as follows: 

Overall runoff coefficient, C = [A1.C1+ A2.C2+ ....+ An.Cn] / [ A1+ A2+ ...+ An] 

Where, 
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A1, A2, .... An are types of area with C1, C2, ...Cn as their coefficient of runoff, 

respectively. 

Model source: Gomaa et al. (2012);  NRCS, (1986).   

2.6.1 Rational Method 

Rational method is an important formula for determining the peak runoff rate where 

rainfall intensity is measured. The Rational equation is the simplest method to 

determine peak discharge from drainage basin runoff, and is commonly used for 

sizing sewer systems LMNO Eng., (2012).  The formula is premised on the following: 

consideration of the entire drainage area as a single unit, estimation of flow at the 

most downstream point only, rainfall is uniformly distributed over the drainage area 

and is constant over time. The Rational Formula follows the assumptions that the 

predicted peak discharge has the same probability of occurrence (return period) as the 

used rainfall. 

Storm peak water quantity can be estimated by rational method using the formula: 

Storm peak water quantity,  Q = 
C.I.A

360
 

Where, 

Q = Quantity of stormwater, m
3/

sec 

C = Coefficient of runoff 

I = intensity of rainfall (mm/hour) for the duration equal to time of concentration, and 

A = Drainage area in hectares 

Model source: LMNO Eng., (2012).  
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2.6.2 Soil Conservation Services- Curve Number (SCS-CN) Method 

The SCS-CN formula is one of the moderately simple models and is widely used for 

flood estimation. It is a globally tested empirical model with clearly stated 

assumptions and few data requirements (Al-Ghobari et al., 2020; Ajmal et al., 2020; 

Xiao et al., 2011). The SCS-CN is a conceptual method for predicting direct runoff 

depth using storm rainfall amount, land use and soil hydrological properties of a 

catchment (SCS, 1985; NRCS, 1986). 

A high curve number means high runoff and low infiltration, whereas a low curve 

number means low runoff and high infiltration (Al-Ghobari et al., 2020; Zhan & 

Huang, 2004). 

In the Curve Number (CN) method, the runoff volume (Q) is dependent on several 

parameters, including the amount of rainfall (P), the potential maximum soil retention 

(S), and the initial abstraction (Ia). The maximum soil retention is related to the 

physical characteristics of the soil. The SCS determined that runoff does not begin 

immediately after rainfall starts. This delayed onset of runoff is a result of 

interception, infiltration, and surface storage of rainfall, and is termed the initial 

abstraction by the SCS (Xiao, et al., 2011). 

Normally the SCS model computes direct runoff with the help of the following 

relationship: 

Stormwater yield, computed as runoff depth in mm, Q can be estimated as: 

Q =
 𝑃 − 0.2𝑆 2

[𝑃 + 0.8𝑆]
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Where 

P, is rainfall depth in mm, 

 S, the potential maximum soil retention in inches = (1000/CN) – 10, 

and CN = {Σ (Ci * Ai )}/A 

Where, 

CN = weighted curve number, 

CNi = curve number from 1 to any number i, 

Ai = area with curve number CNi. 

S is representative of the capacity of the soil for infiltration, which is a function of 

both the physical characteristics of the soil, and of the available storage within the soil 

matrix. 

Model source: Ajmal et al. (2020); NRCS (1986); SCS, (1985); Hand book of 

Hydrology (1972). 

The NRCS curve number (CN) is related to soil type, soil infiltration capability and 

land use (Ajmal et al., 2020; United States Department of Agriculture, 1986). The 

lower the curve number, the more permeable the soil is (United States Department of 

Agriculture, 1986).  

To account for different soils' ability to infiltrate, NRCS has divided soils into four 

hydrologic soil groups (HSGs), depending on the soil texture (Al Ghobari et al., 

2020). Table 2.3 shows USDA-SCS Soil Classification 
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Table 2. 3: USDA-SCS Soil Classification 

Hydrologic 

Soil Group 

Type of Soil Runoff 

Potential 

Final 

Infiltration 

Rate (mm/hr) 

Remarks 

Group A Deep, well-

drained sands 

and gravels 

Low >7.5 High rate of 

water 

transmission 

Group B Moderately 

deep, well-

drained with 

moderately 

fine to coarse 

textures 

Moderate 3.8-7.5 Moderate rate 

of water 

transmission 

Group C Clay loams, 

shallow sandy 

loam, soils 

with 

moderately 

fine to fine 

textures 

Moderately 

High 

1.3-3.8 Low rate of 

water 

transmission 

Group D Clay soils that 

swell 

significantly 

when wet, 

heavy plastic 

and soils with 

a permanent 

high water 

table 

High <1.3 Very low  rate 

of water 

transmission 

 

 (Source: NRCS, 1986) 

The SCS-CN is advantageous over the rational approach. This is because it uses one 

software to perform all procedure steps. Only satellite imagery on land cover and land 

uses, soil maps and DEM are needed to calculate the runoff parameters (Al-Ghobari et 

al., 2020; Khalil, 2017). Classified land use/ land cover maps are overlaid with 

classified soil maps to come up with the CN, whose value ranges from 0 to 100. 

Lower numbers indicate low runoff potential while larger numbers are for increasing 
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runoff potential. Weighted curve numbers should be used to eradicate errors while 

estimating runoff (Ajmal et al., 2020). 

However, the SCS-CN has its shortcomings in that it does not factor in the influence 

of slope and temperature in the computation of runoff. 

2.6.3 Soil and Water Assessment Tool (SWAT) 

The Soil and Water Assessment Tool (SWAT) is a model of small watershed basin 

that simulates the quantity and quality of surface and ground water and foretells the 

environmental impacts of land use, land management practices and climate change. 

The flow of water in and out of the hydrological system, informs all the processes in 

the SWAT model. Daniel et al. (2011) & Parajuli et al. (2009) postulated that SWAT 

is a deterministic and continuous watershed model that operates on daily and hourly 

basis. SWAT model was developed to improve on the SCS-CN model by the 

Agricultural Research Service of the United States Department of Agriculture, and is 

one of the most widely used watershed-scale models (Parajuli et al., 2009). It can 

model changes in the hydrologic response of the catchment resulting from land use/ 

land cover (LULC), water quality, and erosion and surface runoff. In order to model a 

hydrological unit, entire catchment is divided into sub-catchments which are further 

divided in to hydrologic response units (HRU) based on land use, vegetation and soil 

characteristics. SWAT then estimates run off of each HRU separate and then the total 

runoff for the entire basin (Arnold, et al., 2013; Neitsch, et al., 2011).  Parajuli et al. 

(2009) noted that the model requires input of DEM, land use, and soils, as well as 

time series of climate data such as daily precipitation and temperature. The hydrology 

component of the model calculates a soil-water balance at each time step based on 

daily amounts of precipitation, runoff, evapotranspiration, percolation, and base flow. 
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Arnold et al. (2013) noted that SWAT operates on a daily time step and is designed to 

predict the impact of land use and management on water, sediment, and agricultural 

chemical yields in un-gauged watersheds. The model is process based, 

computationally efficient, and capable of continuous simulation over long time 

periods. Because of the aforementioned benefits, SWAT model was selected for the 

study. 

2.7 Stormwater Utilization 

Lundy et al. (2018) defined stormwater use as the application of stormwater to meet a 

defined need. Dowsett (2014) suggested that stormwater can be beneficial for its 

recreational and aesthetic value, rather than as a water supply source. However, with 

the current global water crisis, stormwater is gaining acceptability as an alternative 

source of water for various domestic uses (Hager et al., 2021; Zhang et al. (2020); 

Mankad et al., 2019; Leeuwen et al., 2019; Luthy et al., 2020; Goulden et al., 2018; 

Massoud et al., 2018; Lundy et al., 2018).  Wijesiri et al. (2019) observed that 

stormwater is currently being underutilized. The main determinants of stormwater 

utilization are worth examining. 

2.7.1 Community Acceptance 

Public acceptance is an important factor in water reuse. Mankad et al. (2019) and 

Massoud et al. (2018) noted that plans to capture stormwater for use should take into 

account the local people‘s perception about stormwater. Public perception is in turn 

highly influenced by perceived health risk, religious prohibition, political issues, and 

the degree of human contact with recycled water. Public acceptance informs the end 

uses of stormwater (Mankad et al., 2019; Lundy et al., 2018). Luthy et al. (2020) 
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noted that if people have a negative perception to an alternative water source, then 

they are less likely to adopt it as a source of water. 

Studies have identified the ‗yuck‘ factor as a major constraint to water reuse as the 

water could be contaminated (Lopez-Ruiz et al., 2020). There is therefore need to 

observe high levels of standards through regulations to as to win public acceptance 

though appropriate treatment technologies that improve the quality of water 

significantly (Luthy et al., 2020; Lundy et al., 2018).   Currently, however, one of the 

major obstacles to the widespread implementation of SWH is the availability of 

reliable and affordable treatment technologies (Philp et al., 2008; Hatt et al., 2004).  

In residential developments with treated stormwater, there is a higher degree of 

satisfaction and acceptance among households (Mankad et al., 2019; Coombes et al., 

2002). Mitchell et al. (2007) recommended that water should be treated to a quality 

that meets end-use requirements. In Cape Town, South Africa and Nairobi, Kenya, 

stormwater is generally considered highly polluted and therefore cannot be used for 

potable uses unless it is sufficiently treated (Robertson et al., 2019; Lusigi et al., 

2017).  

2.7.2 Awareness of   Stormwater as a Source of Water 

Qiao et al. (2018) noted that lack of knowledge among communities is an impediment 

to sustainable stormwater utilization. The level of knowledge on variety of the end 

uses influences the decision to utilize stormwater in households (Martini et al., 2015; 

Newburn et al., 2014).  

General lack of knowledge on alternative water sources is highly correlated with lack 

of knowledge on reuse potential, and negatively impacts on the water source 
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utilization (Rupiper & Lodge, 2019). Lack of knowledge on stormwater, for instance, 

contributed to low stormwater utilization levels in Latin American countries 

(Leeuwen et al., 2019). On the other hand, greater knowledge on water issues leads to 

conservation attitudes and support for alternative water sources (Luthy et al., 2020). 

There is need for awareness creation on the various end uses that can be met by 

stormwater. Many end uses like garden irrigation do not require high quality 

standards, and stormwater could be used to reduce pressure on potable water. Proper 

public education and awareness can help engage water stakeholders in needed actions, 

particularly with regard to reducing water demands (WWAP, 2012) 

Lopez-Ruiz et al. (2020) noted that a higher technical knowledge is related to a 

greater acceptance of water reuse, and that people who are well informed about likely 

to adopt water reuse. They also noted that people who are concerned about 

environmental conservation and protection are generally likely to accept water reuse. 

2.7.3 Access to Harvested Stormwater 

Like all other resources, proximity to stormwater influences its use. Lundy et al. 

(2018) observed that financial and economic investment need to be applied so as to 

promote access and utilization of stormwater. Strauch et al. (2021) further noted that 

in rural areas, development programs are not equitably implemented, hence there is 

unequal access to water. 

Storage of harvested stormwater requires appropriate SWH infrastructure. The design 

of the storage component of a SWH system is a trade-off between maximizing 

volumetric reliability and minimizing the required storage size and associated costs 

(Mitchell et al., 2007). Ahmed & Yakimowich (2007) noted that SWH infrastructure 
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is usually capital intensive beyond communities and households. Bassi et. al., (2017) 

agreed, and noted that funds are usually not available from the public sector to meet 

the increasing needs for capital and operation and maintenance costs of water 

management infrastructure. Cosgrove & Loucks (2015) averred that because 

investments made in water storage infrastructure and conveyance facilities represent 

huge stocks of physical capital, water infrastructure remains extremely sparse in rural 

areas. Consequently, millions of women, men and children are not covered by water 

and sanitation services. 

Currently, water infrastructure is barely developed in rural areas of Kapseret Sub-

County. WWAP (2019) noted that the lack of water management infrastructure in 

terms of both storage and supply delivery as well as for improved drinking water and 

sanitation services contributes to the high poverty levels in developing countries. Qiao 

et al. (2018) noted that this is a result of insufficient funding. UNEP (2012) 

documented that although water supply and hydropower infrastructure development is 

at an advanced stage in over 65% of countries, fewer countries report advanced 

implementation for irrigation, rainwater harvesting and investment in natural systems 

2.8 Stormwater Management  

Stormwater management is the effort to reduce runoff of rainwater or melted snow 

into streets, lawns and other sites and the improvement of water quality, according to 

the United States Environmental Protection Agency (EPA, 2009).  

Berland et al. (2017) and Chang et al. (2018) noted that sustainable stormwater 

management should focus on capabilities of soil and vegetation to increase water 

infiltration, redistribution and storage, as opposed to the traditional stormwater 
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management that focused on conveyance of stormwater runoff to wastewater systems 

or into surface water sources.  

Sustainable stormwater management is sometimes referred to as Green Infrastructure 

(GI), Low Impact Development (LID) or Best Management Practices (BMPs). 

Christman et al. (2018) defined green stormwater infrastructure (GSI) as the suite of 

interventions, comprised of both natural and artificial materials, that utilize vegetation 

to slow or store surface water runoff, hence regulating the velocity and volume of 

stormwater. NAS (1999) noted that floodwater stored in reservoirs are important in 

aquifer recharge, and reiterated the role of vegetation in the water balance. 

Green Infrastructure, also known as Low Impact Development, provides an 

ecologically sound and cost-effective stormwater management approach (Berland et 

al., 2017). They include green roofs, trees and tree boxes, rain gardens, vegetated 

swales, pocket wetlands, infiltration planters, porous and permeable pavements, 

reforestation and revegetation, and protection of riparian buffers and floodplains. 

They also include decentralized harvesting approaches such as rain barrels and 

cisterns that can be used to capture and re-use rainfall for watering plants or flushing 

toilets. These attract multiple environmental, social and economic benefits.   (Chang 

et al., 2018; Shin & McCann, 2017; Berland et al, 2017; Congressional Research 

Service, 2016). Berland et al., (2017) noted the important role of trees in reducing 

runoff. 

Green infrastructure also poses an opportunity to improve stormwater quality by 

keeping rainwater out of the sewer system, thus preventing sewer overflows and also 

reducing the amount of untreated runoff discharged to surface waters (Shin & 

McCann, 2017; NRC, 2012; U.S. Environmental Protection Agency, 2009). USEPA 
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(2007) noted that green infrastructure practices provide stormwater conveyance and 

treatment and also lower the cost of conventional stormwater infrastructure. Bassi et 

al. (2017) agreed that instead of draining runoff away, green infrastructure aims to 

increase surface infiltration and lower the amount of stormwater at the source. This 

would reduce the need for investments in gray infrastructure, given that runoff and its 

concentration of pollutants would be lower.  

Studies have been carried out on benefits of sustainable stormwater management 

strategies. In Brazil, Batalini et al. (2019) observed that bioretention achieved an 

average runoff retention efficiency of 70%. This resulted in a reduction of water 

demand for potable uses by more than a half because the stored runoff was harvested 

hence available for non-potable uses. Similarly, in Eldoret town, Metto et al. (2020) 

observed that bioretention ponds reduced runoff flow rate and volume by 1.6% and 

4.4% respectively, while infiltration trenches led to reduced runoff flow rate and 

volume by 25% and 19.6% respectively. Bioretention ponds and infiltration trenches 

combined reduced runoff volume and flow by 10.7% and 5.9% respectively, and were 

therefore recommended as an appropriate stormwater management strategy in Eldoret 

Town. Kipyego & Ouma (2018) observed that BMPs including dry and wet retention 

ponds, grassed swales and constructed wetlands reduced pollutant loads in Sosiani 

River by 40%. This agrees with the observations of Qiao et al. (2019) and Goulden et 

al., (2018) who noted that several countries are increasingly recognizing the 

importance of managing stormwater sustainably. 

2.8.1 Challenges of Stormwater Management 

Despite the benefits of stormwater management, there are low adoption rates of the 

various strategies in many countries including Kenya. The main challenges of 
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stormwater management include limited SWH infrastructure and due to insufficient 

funding, lack of technical support, and lack of education on SWM. In addition, there 

is a weak institutional framework. 

a) Lack of supportive institutional framework  

Institutional challenges in stormwater management originate from ineffective 

organization of the agencies that manage or regulate stormwater quality and quantity. 

In the case of stormwater, many of these problems originate because stormwater is a 

combination of both flood control and water supply which are almost always 

controlled by different agencies. Water management institutions are part of the 

broader institutional framework of countries. The potency of this framework has 

worked to either encourage or hinder effective approaches to managing water 

resources and its related services (WWAP, 2012). Global water problems can be 

traced to a deficit of governance resulting from a lack of appropriate institutions at all 

levels, and the chronic dysfunctionality of existing institutional arrangements (Lenton 

et al., 2008). UNEP (2012) observed that the common constraints to the development 

of appropriate institutional arrangements relate to mandates, particularly cross-sector 

coordination, capacity building and participation. Bassi et al., (2017) noted that one 

major constraint in water resource management is lack of technical capacity, 

including the need for specialized skills which may not be available locally. 

WWAP (2019) noted that the institutional capacity, including domestic resource 

mobilization has been insufficient. They suggested that good governance seeks to 

move away from hierarchical power structures while embracing concepts of 

accountability, transparency, legitimacy, public participation, justice and efficiency, 

principles which are in line with the Human Rights Based Approach. Water resource 



43 

 

allocation mechanisms can be established to ensure that enough water is available and 

of suitable quality, to meet basic human needs as a guaranteed priority. Qiao et al., 

(2018) observed that challenges to sustainable stormwater management are mostly 

related to governance involving unclear leadership and lack of stakeholder 

participation. Harvey & Reed (2004) opined that in order for the different partnership 

models described to be successful it is essential that the different institutional 

stakeholders have sufficient capacity to fulfil their respective roles.  

In order to avert the water crisis from worsening, Cosgrove & Loucks (2015) 

recommended that there is need to identify, establish and then set in motion systems 

of governance and regulation that lead to long-term sustainable development.  

Institutions in charge of water governance must embrace stakeholder engagement. 

OECD (2015) defined this as a process by which stakeholders are involved in the 

water-related policy or project processes and activities to ensure effective water 

governance. At all stages, there should be well-understood processes available for 

involvement of internal and external stakeholders. This is an important consequence 

of the fact that risk assessment involves a number of trans-scientific assumptions and 

the involvement of stakeholders at all stages promotes transparency to the process and 

ultimately a greater acceptance of the ultimate risk management decision (NRC, 2012; 

Crump, 2003). On stakeholder engagement, WWAP (2019) noted that it is important 

that political, institutional and financial support be given to ‗bottom-up‘ initiatives 

while AMEC et al. (2001) observed that stormwater management solutions and 

programs have to be tailored to each communities‘ particular circumstances and 

needs. Migosi (2014) concluded that community participation in stormwater 
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management, together with enforcement of legislation by the county will go a long 

way in abating floods.   

WWAP (2012) noted that water management should transform from the traditional 

approaches to the Integrated Water Management Approach which leads to 

interconnection of water management with land management and sectors like 

agriculture, mining and energy, at the institutional level. This can be facilitated 

through formulation of appropriate national and county laws and enhance the 

probability of effective decision-making. For successful and effective water 

governance, it is importance to develop a properly aligned water policy (OECD, 

2015). In addition, WWAP (2019) observed that weak institutional structures at the 

local level are often cited as the root cause of the inability to attract funding for 

investments. WHO (2009) advised that in the face of climate change, major changes 

in policy and planning are needed if future investments on water resources are to be 

impactful. 

Although new structures for water management have been put in place in many 

countries, there is need for implementation of integrated approaches to water 

management. UNEP (2012) noted that the coordination between the organizations 

including government, civil society and the private sector needs to be strengthened, 

supported by the availability of expertise and resources to pursue effective integration 

in many nations. In Kenya, the various institutions in National and county 

governments in charge of water governance, need to work with communities in a 

bottom-up approach towards stormwater management. 
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b)  Limited Financial and Technical Capacity 

The high cost of infrastructure reduces uptake of the various stormwater management 

strategies (Gullo et al., 2020). Luthy et al. (2020) noted that for stormwater 

management infrastructure, unit costs are high when new infrastructure is being 

developed. For example, Leeuwen et al. (2019) attributed low levels of stormwater 

management in Latin America and the Caribbean countries to lack of monetary 

resources and development of stormwater infrastructure. Shin & McCann (2017) also 

noted that high cost of installing rain gardens and rain barrels was a major limitation 

to their adoption of these strategies in Missouri, Columbia. 

In addition, aging stormwater infrastructure and regulatory requirements create fiscal 

and institutional demands that require new approaches and resources (Ahmed & 

Yakimowich, 2007). There is need to ensure necessary maintenance of existing 

infrastructure is conducted with sufficient frequency. Failure to properly maintain 

SWM infrastructure can lead to excessive sedimentation, clogged inlets and outlets, 

loss of vegetative plantings, soil compaction, and failure to properly infiltrate 

stormwater. This can lead to additional overflows and have a harmful effect on water 

quality, thus negating the original intent of the project. Shin & McCann (2017) noted 

that lack of requisite equipment is a constraint to SWM maintenance. 

Land availability is another impediment to development of stormwater management 

projects like dams. Luthy et al. (2020) noted that space for large projects is scarce. 

Kimani et al. (2015) observed that lack of legal land ownership may hinder adoption 

of stormwater management technologies.  
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c)  Lack of Sufficient Education about SWM 

Shin & McCann (2017) observed that people who are knowledgeable about 

implementation of stormwater management practices like rain gardens are more likely 

to adopt the practices. Martini & Nelson (2014) agreed that the lack of information 

about how to install and use rain barrels were a barrier to adoption of rain barrels. 

Households with more knowledge of lawn management are more likely to adopt lawn 

management BMPs (Martini & Nelson 2014; Brehm et al., 2013). There is therefore 

need to educate households on why they need to conserve, maintain and restore the 

natural resources on their farms. ISCO (2004) noted that many people do not 

understand the cause and effect of what they do on their land and the potential 

downstream impacts. Education is essential and needs to be done on a routine basis as 

an ongoing program activity. Salehi et al., (2020) concurred that communities need 

awareness on actions towards stormwater management, and available infrastructure if 

they are to adopt the various stormwater management strategies 

Environmental knowledge and attitudes are key factors affecting behavioral intentions 

to adopt stormwater management practices (Dietz et al., 2004). Knowledge-based 

factors such as knowledge about recommended stormwater management strategies 

and awareness of a watershed management plan or other planning efforts may 

increase adoption of such strategies in urbanizing watersheds (Bakacs et al., 2013; 

Swann, 2000). 

Salehi et al., (2021) noted that in Australia, communities generally lacked knowledge 

on stormwater management strategies. Kimani et al. (2015) made a similar 

observation in Kenya. They suggested that local government inform communities on 

the benefits and strategies of stormwater management. Migosi (2014) while assessing 
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flood abatement through effective stormwater management, noted challenges facing 

urban stormwater management revolve around inadequate planning, lack of 

stakeholder participation and low level of community awareness. 

Households sometimes lack accurate information on the cost of SWH investments. 

The cost of stormwater harvesting is relatively low in comparison to other supply 

options like wastewater (Lundy et al., 2018).  This lack of accurate information 

regarding costs can be a barrier to households adopting SWH, and undermines the 

‗driver‘ of reduced potable water demand. It is therefore important to provide upfront 

information on the local costs of installing and operating such a system (Leonard et 

al., 2014; USEPA, 2007). 

2.9 Policy, Legal and Institutional Framework of Stormwater Management in 

Kenya 

This section will detail the policy, legal and institutional frameworks for water and 

stormwater resource planning and management in Kenya, as these are critical if 

sustainable SWM is to be realized. 

2.9.1 Policy Framework 

An analysis of the legal and policy frameworks in many of the countries reveals that 

there are many policy and legislative gaps with regard to stormwater. In Kenya, 

stormwater is barely acknowledged and planned for as a water resource. The policies 

discussed in respect to water resource herein include SDGs, Agenda 21, Kenya‘s 

Vision 2030, Kenya‘s Water Policy and Water Rules. 
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a) Sustainable Development Goals (SDGs) 

The 2030 Agenda for Sustainable Development Goals (2030 Agenda) was 

unanimously adopted by members of the United Nations General Assembly in 2015 to 

act as a blueprint for a better and sustainable future for all. SDG 6, on water and 

sanitation. The member states, including Kenya, confirmed the human right to water 

and committed to ensuring availability and sustainable management of water and 

sanitation to all by 2030.  SDG 6 aims at guiding policy decisions of member states 

including international and local organizations, public and private sector towards 

universal access to clean water and sanitation. The SDG 6 reiterates the need to 

implement integrated management of water resources in all levels, and the right to 

access water by all, with special attention to women, children and people living with 

disabilities (UNDESA, 2021; United Nations, 2015).  However, UN (2021) in the 

Sustainable Development Goals Report 2021 observed that 129 countries are not on 

track in achieving clean water and sanitation for all by 2030, and current efforts must 

be doubled if this was to be achieved.  

b)  Agenda 21 and the Integrated Water Resource Management (IWRM) 

Approach  

Agenda 21 is a comprehensive plan of action to be taken globally, nationally and 

locally in every area which human impacts on the environment. Chapter 18 of the 

Agenda 21 document deals exhaustively with water resource planning and 

management. It affirmed the right of all people, including the women, children and 

the poor to safe drinking water and sanitation. Agenda 21 stated that water is an 

economic good and is a finite resource and advocated for integrated approach to the 

development, management and use of water resources in member countries and 
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implementation of water efficiency strategies, plans and programs at national and at 

regional levels, with national-level IWRM plans to be developed by 2005 (UNEP, 

2012; UN, 1992). 

IWRM is a process which draws its inspiration from the 1992 Dublin Principles. It is 

a systematic process for the sustainable development, allocation and monitoring of 

water-resource use in the context of social, economic and environmental objectives 

(Day, 2009; Falkenmark, 2003). U.S. Army Corps of Engineers (2002) described 

IWRM as a synergistic process whereby environmental and economic considerations 

are effectively balanced through the life cycle of project planning, design, 

construction, operation and maintenance to improve the quality of life for present and 

future generations. Global Water Partnership (GWP) defined IWRM as a process 

which promotes coordinated development and management of water, land and related 

resources in order to maximize the resultant economic and social welfare in an 

equitable manner without compromising the sustainability of vital ecosystems (GWP, 

2000). UNEP (2021) further holistically described IWRM as an approach that helps to 

balance competing water demands from across society and the economy, without 

compromising the sustainability of vital ecosystems. This is achieved through 

coordinated policy and regulatory frameworks, management arrangements and 

financing. IWRM has integrated the Dublin Principles which include that water is a 

finite and vulnerable resource, that participatory approach should inform water 

management, that women are an important component in water resource management, 

and that water has an economic value (Grubb et al., 2019). The principles on 

vulnerability of the water resource and it having an economic value imply that water 

in any form though extremely valuable, must be conserved. This realization should 
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consequently inspire development of infrastructure for water harvesting and reuse 

globally. 

UNESA (2021) observed that IWRM is a cross-sectoral policy approach designed to 

replace the traditional, fragmented sectoral approach to water resources and 

management that has led to poor services and unsustainable resource use. IWRM is 

based on the understanding that water resources are an integral component of the 

ecosystem, a natural resource, and a social and economic good. UN-Water (2008) 

noted that the Integrated Water Resources Management (IWRM) approach has now 

been accepted internationally as the way forward for efficient, equitable and 

sustainable development and management of the world‘s limited water resources and 

for coping with conflicting demands. IRWM is guided by three principles including a 

strong enabling environment, a comprehensive and robust institutional framework and 

effective use of management and technical tools for water allocation and pollution 

control (Smith & Clausen, 2018). Although IRWM has been incorporated in water 

management in many countries including Kenya, full implementation is yet to be 

achieved. UNEP (2021) noted that the main challenges to full implementation of 

IWRM can be categorized into three, which include poor financing and lack of 

capacity, outdated and ineffective legal framework and institutions that are too weak 

to enforce legislation and implement planned programs. Kenya‘s implementation of 

IWRM was rated at 59% in 2020. 

The IWRM approach has not been without criticism. Snivasan et al. (2017) noted that 

the IWRM relied on physical models only that relied on population dynamics and 

infrastructural development parameters only. Biswas (2008) on his part opined that 

the approach lacked a clear actionable framework. Day (2009) further observed that 
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although IWRM was envisaged to reform management of water and land resources, it 

has the tendency to ignore community based water management, by neglecting 

stakeholders at local authorities. In addition, he observed that although IWRM is 

theoretically sound, it often remains impractical to implement because the concepts 

are too complex for agencies and practitioners to manage. In China, for instance, 

IWRM was instituted in a top-down approach which failed to address the socio-

political circumstances in the country (Mao et al., 2020). However, these concerns 

could be as a result of limited understanding and poor implementation of IWRM. 

UNEP (2021) recommends that to realize the benefits of IWRM, countries must 

among other measures strengthen political good will, improve coordination and 

alignment of progressive water policies, increase financing and strengthen inclusive 

participation. The general IWRM framework is outlined in Figure 2.4. 
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( Source: GWP 2000)  

Fig 2. 4: The IWRM Framework 

c) Vision 2030 

Vision 2030 is a long term plan launched in 2008 to guide development in Kenya, and 

is focused around the social, economic and political pillars.  Water and sanitation is 

one of the six priority areas within the social pillar. To enhance water supply in rural 

areas, the government aimed at rehabilitating rural water schemes, drilling boreholes 

and constructing pans and dams in regions with insufficient surface water sources. 

Towards water harvesting and storage, the government planned to invest in water 

storage in every village (GOK, 2021). Today, however, the ASAL areas still 

experience water scarcity while other areas with ‗reliable‘ rainfall like Kapseret 

experience seasonal water shortages particularly in the dry season. It is evident that 

the government plans and programs have not been fully implemented. 
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d) The Water Policy 

The current water policy is the Sessional Paper No.1 of 1999 on National Policy on 

Water Resources Management and Development. The policy sought to address issues 

of water resource management, water and sewerage development, institutional 

framework and financing of the sector. However, with the numerous new laws and 

regulations being enacted, the policy is to a large extent irrelevant. Consequently, a 

new water policy is to be adopted once the Sessional Paper No.1 of 2021 on National 

Policy. The sessional paper proposes measures and actions that respond to the 

challenges facing the water sector. The policy seeks to reengineer the sector in 

consonance with SDGs, Water Act (2016) and Constitution of Kenya (2010). 

2.9.2  Legal Framework 

The laws that govern water resource development, planning and management in 

Kenya include the Constitution of Kenya, 2010 and the Water Act (2016).  

a) Constitution of Kenya, 2010 

In Kenya, the Water Act (2016) was enacted by the Kenyan Parliament to incorporate 

IWRM in water resource management. The act states that access to clean and safe 

water in adequate quantities is an economic and social right of all Kenyan citizens. 

The equalization fund was set to ensure provision of basic services like water.  The 

responsibility for water supply and sanitation service has been assigned to the 47 

counties to carry out public works and services including SWM systems and water 

and sanitation services. In addition, county governments are tasked to implement 

government policies on natural resource and environmental conservation including 

soil, water and forestry (Constitution of Kenya, 2010). 
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b) The Water Act (2016) 

The Water Act enacted in 2016 aims at aligning the water sector with the Constitution 

of Kenya, 2010‘s primary objective of devolution. The Act recognizes that every 

citizen has a right to clean and safe water in adequate quantities and reasonable 

standards of sanitation. The national government, through the Cabinet Secretary of the 

Ministry of Water is mandated with the responsibility of supporting county 

governments to perform their respective duties of water provision mainly through 

public works and funding. The Act saw the establishment of Water Service Providers 

to oversee the management and distribution of water to various users, and National 

Water Harvesting and Storage Authority to harvest surface water (Water Act (2016)). 

Mwihaki (2018) noted that although the legal framework on water resource 

management in Kenya had evolved over time to accommodate decentralization, water 

supply was still insufficient particularly in rural areas and among the urban poor.  

c) Water Rules 

With regard to stormwater management, the Water Rules, 2012 guides licensees, who 

are Water Service Boards established under the Water Act (2016) to collaborate with 

local authorities so as to stormwater from entering sewerage systems. This is aimed at 

easing pressure in the sewerage systems. In addition, they are to develop and promote 

water storage. This is by developing water reservoirs like dams for provision of 

reliable water supply. 

2.9.3 Institutional Framework 

Hope et al. (2020) note that institutional design is central to the economic 

performance and social outcomes of water services. Institutional design affects the 
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management of operational risks and information flows, asset ownership and 

management, service delivery models, monitoring and regulation, and financial 

sustainability. The contextual nature of these issues is influenced by climatic, 

environmental, and cultural factors. 

UNEP (2012) noted that institutional reforms have been undertaken in many countries 

and that a central philosophy of an integrated approach to water resources 

management is that water should be managed at the lowest appropriate level. This 

means decentralizing decision making, usually with increasing input and role for 

various stakeholders.  

a) Water Resources Authority 

In Kenya, the Water Resources Authority was established under the Water Act 

(2016), with the general mandate of regulating the management and use of water 

resources. In consultation with the Cabinet Secretary of the Ministry of Water, the 

WRA is mandated to designate basin areas. A basin area is a defined area from which 

rain water flows into a watercourse. A basin water resources committee is then 

established for each respective basin area. Its responsibilities, among others include to 

advise the WRA and county governments concerning; conservation, use and 

apportionment of water resources and protection of water resources and increasing the 

availability of water. 

b) The National Water Harvesting and Storage Authority (NWHSA) 

The National Water Harvesting and Storage Authority (NWHSA) was established in 

Kenya following the enactment of the Water Act, 2016. The NWHSA is a parastatal 

under the Ministry of Water, Sanitation and Irrigation, and is mandated with the task 

of developing a water harvesting policy and enforcing water harvesting strategies, 
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among other roles. However, its role in managing rainwater as an additional source of 

water which can help communities to cushion themselves from seasonal water 

shortages has not been successful.  

c) Water Services Regulatory Board 

The Water Services Regulatory Board was established under section 70 of the Water 

Act (2016). It is mandated to protect the interest and rights of water users, for instance 

by recommending water and sewerage tariffs. The board also accredits Water Service 

Providers. 

d) Water Service Providers (WSP) 

These are licensed by the Water Services Regulatory Board with the duty to operate 

water works and provide water services in conjunction with county governments in 

their jurisdiction. ELDOWAS is the WSP under whose jurisdiction Uasin Gishu 

County falls. Water Service Providers should be responsible for efficient and 

economical provision of water services so as to fulfill the fundamental right to water. 

However, the scope of WSP seems to have been limited to urban areas only, and 

many rural areas are marginalized with regard to water supply in Kenya. Mwihaki 

(2018) noted that there is need for a holistic approach to water governance that 

incorporates social, legal, economic, institutional and administrative concerns. In 

addition, there is need to foster government and local citizens‘ relations that will 

enhance water services provision as envisaged in the Constitution 2010. 

2.10 Theoretical Framework 

Two theories supporting sustainable water resource management have been reviewed 

in this section including the Boserupian Theory and the Ecological Modernization 

Theory. 
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2.10.1 The Boserupian Theory 

UNEP (2012) observed that the growing need to address water resources emanates 

from profound failures in water management over many years, because local 

management is not equipped to adapt and respond adequately. In the Kenyan context, 

and Kapseret Sub County in particular, water shortage occurs due to lack of 

sustainable water management, and a proactive reaction to the growing population. 

The environment and population discourse has been under discussion since the days 

of Rev. Robert Thomas Malthus. Malthus explained that overpopulation was the 

source of all ills in society, and that population needed to be controlled. Ester Boserup 

(1910-1999), an agricultural economist, however, criticized the Malthusian theory and 

advanced the environmental possibilism approach which holds the belief that humans 

can overcome environmental forces by advancing technology. In her document 

‗Boserup‘s land-intensification hypothesis‘, she posits that population increase 

eventually necessitates technological advancement.  She theorized that population was 

the cause rather than result of agricultural change, and that the major change was 

intensification of land use. For instance, she noted that with population rise, there 

grew the need for land intensification. With further population increase, technological 

advancement took the form of land intensification for instance through mechanization 

and use of fertilizers (Boserup, 1965).  Other changes included improvement in 

agricultural technology and in land tenure systems. With regard to water, Malthus 

viewed water as a resource, thus associated with scarcity. Boserup on the other hand 

rejected this assumption because of she believed in the possibilities of technological 

development (Zisopoulou et al., 2022). Boserup argued that the existing technology 

level constraints the current supply of any resource and that modern technologies 

could unlock a more efficient and plentiful water supply. Saiz-Rubio & Rovira-Más 
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(2020) agreed that with modern technology in the agricultural sector, water efficiency 

can be improved and crop yields increased. Boserup identified six ‗structures‘ as 

being relevant to the development of her theory Environment (E), Population (P), 

Technology (E), Occupational structure (O), Family structure (F) and Culture (C). She 

studied the nexus of three or more of these structures under various scenarios 

(Boserup, 1965). In Kenya today, as a result of the gradually growing population in 

many parts, pressure on water resources is increasing. As a result, water demand has 

exceeded water supply. However, technological advancement can allow expansion of 

water sources, for instance by harvesting rain and stormwater, and conservation of 

water resources. However, as Boserup rightly noted, technological adoption depends 

on the occupational structure of households (O). In vicinities where households are 

willing and able to invest in stormwater management systems, this theory provides a 

perfect framework for development of water resources.  Stormwater management is 

most sustainable when households understand the benefits and willingly accept to 

work as individuals or in groups to manage stormwater. 

For effective management of water resources, technology, and the provider of the 

particular technology are equally important. In the case of water resource 

development in Kenya, the role of national and county governments cannot be 

overstated due to the fact that water development projects are capital intensive and 

require technical support Cosgrove & Loucks (2015). Although Boserup did not delve 

into importance of institutional structures, she discussed the roles of family structure 

and culture. Culture influences people‘s way of doing things (UNEP, 2012). It affects 

their perceptions and attitudes to a large extent. Although many rural residents are low 

and medium income earners and may lack the capacity to adopt appropriate SWM 

technologies, if their attitude towards water conservation is changed, either by 
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necessity or education, then such communities can easily embrace stormwater 

harvesting and use. Unless communities participate actively in generating solutions to 

their own problems, the poor are likely to be trapped in the vicious cycle of poverty 

(World Bank, 1993). However, with institutional support that focuses on bottom-up 

approaches, communities can be empowered to participate in SWM. This can be in 

form of education and awareness creation, funding for SWH technologies including 

green infrastructure and formulation and implementation of laws that focus on 

stormwater management. Overall, the Boserupian theory is relevant in this study as 

the roles of technology and supportive institutional frameworks in harnessing of 

stormwater cannot be overemphasized. 

2.10.2 Ecological Modernization Theory 

Ecological Modernization (EM) Theory emerged in the early 1980s as 

a theoretical approach to describing the relationship between economics and the 

environment. It is described as a technology-based approach oriented to inform 

environmental policy (Mol, 2002). One basic assumption of ecological modernization 

relates to environmental re-adaptation of economic growth and industrial 

development. The relationship between economy and ecology can be symbiotic. 

Productive use of natural resources and environmental media including air, water, soil 

and ecosystems, can be a source of future growth and development in the same way 

as labor productivity and capital productivity. 

On its applicability, Spaargaren (2000) noted that the EM Theory has become one of 

the leading perspectives in environmental sociology. This theory is often associated 

with eco-efficient innovation, particularly the introduction of environmentally 

friendly technologies that increase resource productivity. It focuses on the role of the 

https://en.wikipedia.org/wiki/Labour_productivity
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government in accelerating technical progress. As a theory of social change, it reflects 

on the process of institutionalization of environmental concerns through the need to 

refine the existing models. Spaargaren posited that ecological concerns must be taken 

into consideration in the restructuring of production and consumption. Mol (2002) 

observed that environmental concerns are a response to globalization processes and 

dynamics that are mostly detrimental to the environment. Huber (2004) further 

observed that science and technology are agents of modernization of production and 

consumption and that advanced technologies are key propellers of change. He 

implored on the use to technology to improve access to water, regulate water use, and 

enhance ecofriendly production of water.  

This theory resonates well with the need for stormwater management as an 

ecofriendly approach to manage water demand by expanding water sources as 

opposed to other approaches like drilling boreholes. In addition, technological 

advances in BMPs and LIDs are sustainable local solutions to the global phenomenon 

of increased runoff volumes. This is thus the proponent theory in the study. Figure 2.5 

presents a conceptual presentation of the EM Theory. 
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( Source: Mol 2002) 

Fig 2.5: The Ecological Modernization Theory 

The EM Theory has however suffered criticism. Mol (2002) criticized the EM theory 

as was originally coined, that it did not pay attention to the actual process of 

consumption itself and that consumers were depicted as passive agents. Thus, the 

theory seemed to ignore the user, yet the user significantly influences the production 

and consumption patterns. However, modification to the theory has seen 

improvements to incorporate the role of societal factors including scientific, 

economic, institutional, legal, political and cultural in water governance (Huber, 

2004).  

Moreover, Fisher & Freudenburg (2001) noted that the EM theory seems to have 

limited global efficacy, applying primarily to its countries of origin including 

Germany and the Netherlands, and has little to say about the developing world. In 

Ghana, for example, EM was not successful as the approach was weak and did not 

lead to sustainability in water resource management. This was manifested in water 

https://en.wikipedia.org/wiki/Germany
https://en.wikipedia.org/wiki/Netherlands
https://en.wikipedia.org/wiki/Developing_world
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scarcity aggravated by water degradation and climate variability, despite adoption of 

the model in Ghana. To overcome this, countries must adopt the model with special 

consideration on the existing socio-economic and environmental context. Atampugre 

et al. (2016) recommended that ecosystem-friendly indigenous approaches needed to 

be integrated with contemporary management systems for the long term goal of 

sustainability. 

Though having shortcomings, the fundamentals of EM Theory were a precursor to the 

sustainable development debate and contributed to the development and adoption of 

the adaptive and progressive Integrated Water Resource Management (IWRM) 

Approach. 

2.11 The Conceptual Framework 

The conceptual framework developed shows the inter-relationship between 

dependent, independent and intervening variables. The dependent variables in the 

study include domestic water consumption, stormwater potential, stormwater 

utilization and stormwater management. Traditional approaches of water management 

have not been effective in promoting water security. As a result, there are perennial 

shortages of water particularly in the dry seasons, while the wet seasons are 

characterized by floods.  Water shortage occurs particularly in the dry season because 

water sources are often inadequate, and water supply cannot meet water demand.  

Analysis of domestic water consumption was crucial in this study. Factors that 

influence domestic water consumption include main housing type, water use types, 

distance to main water source, education level of household head, income and family 

size.  
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Efforts towards attaining water security must include strategies to reduce water 

demand and increase water supply. One way to increase water supply as proposed in 

the study is to expand water sources through stormwater harvesting.  The study 

explored the potential of stormwater harvesting as an alternative source of domestic 

water. Rainfall amounts, soil type, slope and land use/land cover were used to 

estimate the stormwater yield. In addition, suitable sites for stormwater harvesting 

were mapped. Stormwater utilization is an important component of water reuse. The 

determinants of stormwater utilization include access to harvested stormwater, 

outdoor water uses, awareness that stormwater is a source of water and quality 

concerns. The challenges to stormwater management were also investigated. They 

include inadequate financing for various SWM strategies, lack of technical support for 

SWM and lack of education on SWM benefits and strategies for communities. These 

challenges can be overcome through provision of: 

i. Adequate financing for sustainable stormwater management. Stormwater 

infrastructure is usually capital intensive, right from stormwater collection, 

storage, treatment and distribution. Sources of funds could include multinational 

agencies, national governments through WUAs, county governments through 

ward projects, NGOs and CBOs. 

ii. Supportive institutional and policy framework. The national and regional laws 

and regulations should provide an enabling environment for a sustainable SWM 

process. This should include laws on land uses, water abstractions and uses. 

Government should provide staff to provide training and technical support on 

SWH to communities through well formulated policies at both national and 

county governments. 
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iii. Community Education. Water users should be engaged if any project is to 

succeed. Communities should be educated on the benefits of stormwater 

management as a solution to seasonal water shortages. They should also be 

educated on the various end uses of stormwater and conservation practices so as 

to effectively manage their demand for water.  

The study was guided by two theories; the Boserupian Theory and Ecological 

Modernization Theory. A major point of convergence of these theories inclined to 

environmental possibilism is the possible use of technology for posterity. 

Whilst expanding water sources hence availing as more water as possible, water 

consumption needs to be minimized. This can be done by adopting water 

conservation. Communities need to be educated on the various water conservation 

strategies. The desired end is a water-secure environment as envisaged in Vision 

2030, where water demand is met by water supply. Figure 2.6 depicts the conceptual 

framework developed for this study. 
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( Source: Author, 2022) 

Fig 2. 6: The Conceptual Framework 

2.12 Knowledge Gap 

This study sought to address specific gaps that were identified with respect to 

stormwater utilization and domestic water supply. Wagner et al. (2019) studied water 

demand in rural areas in Meru County. They identified factors influencing 

households‘ choice of water source. Although they modelled water demand, they did 

not assess the water demand of rural households in dry and rainy seasons. However, 

they did not delve into the factors influencing water consumption. Thomson et al. 

(2019) studied the relationship between rainwater and groundwater use in rural 
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Kenya. They however did not quantify domestic water consumption in the study area, 

neither did they establish factors that influence amount of water used.  

Many studies on stormwater management and use have aimed at exploring the 

usefulness of stormwater in agriculture. Examples include the studies by Ngigi (2003) 

who assessed the level of adoption and the impacts of stormwater ponds on farm 

income. Ahmed (2007) evaluated rainwater harvesting techniques in Yatta District, 

Kenya, to investigate factors affecting adoption of rainwater harvesting techniques in 

Yatta district for agricultural purposes. These studies did not explore utilization of 

stormwater for domestic purposes. In addition, no study in KSC has either attempted 

to estimate the stormwater yield or identified suitable sites for stormwater harvesting. 

The study by Lusigi et al. (2017) focused on the quality of stormwater in Nairobi. 

However, they did not estimate the quantity neither did they assess level of usage of 

stormwater. With respect to stormwater utilization, very little or no study was found 

that addressed factors influencing stormwater utilization. Rather, studies have been 

carried out particularly on water reuse of municipal wastewater.  

On stormwater management, Metto et al. (2020) studied the impact of bioretention 

ponds and infiltration trenches to stormwater flow and volume in Eldoret Town.  

Similarly, Kipyego & Ouma (2018) studied the impact of selected BMPs in reducing 

pollutant loads, runoff flow and volume into Sosiani River. The BMPs included dry 

and wet retention ponds, grassed swales and constructed wetlands. However, the 

extent of adoption of various stormwater management strategies was not determined, 

neither were the challenges to adoption of LID and BMPs established.  
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This study sought to address the outlined gaps by: 

i. Determining domestic water consumption in both the dry and rainy seasons and 

explaining cause for variation. In addition, factors affecting household and per 

capita domestic water consumption were determined and a mathematical model 

developed to estimate per capita domestic water consumption.  

ii. Estimating stormwater yield in rural areas, hence expose its untapped potential in 

providing additional water that can be utilized for domestic and other uses in the 

dry season. In addition, using the multi-criteria analysis approach, suitable zones 

and sites for location of stormwater harvesting infrastructure in KSC were 

identified. 

iii. Establishing the level of access and utilization of stormwater, and establish 

factors influencing stormwater utilization. 

iv. Establishing the level of stormwater management and presenting the challenges 

to sustainable stormwater utilization and management. 
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CHAPTER THREE 

 RESEARCH METHODOLOGY 

3.1 Introduction 

This Chapter presents research procedures that guided this study. These include the 

study area description, research design, data requirement, target population and 

sampling techniques, data collection instruments, data analysis and presentation, data 

validity, data reliability, and ethical issues in research. 

3.2 Research Design 

Creswell (2009) noted that research designs include the plans and procedures for 

research that cover the decision from wide-ranging assumptions to meticulous 

methods of data collection and analysis. Sileyew (2019) noted that a research design 

is intended to provide an appropriate framework for a study. There are three main 

research designs namely quantitative, qualitative and mixed method designs. This 

study adopted the mixed method design that incorporates both quantitative and 

qualitative data management. While the positivism theoretical perspective focuses on 

observation and measurement and is achieved through quantitative data analysis, 

interpretivism on the other hand mainly dwells on qualitative data analysis (Junjie & 

Yingxin, 2022).The mixed method approach, also referred to us multimethodology 

approach incorporates both positivism and interpretivism perspectives. 

3.2.1 Quantitative Data 

Quantitative data included household responses from questionnaires age, income and 

level of education, sources of water, distance to water source, domestic uses of water, 

amount of water used for various water uses, and reliability of water sources access 
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and use of stormwater, and stormwater management. In addition, rainfall, soil type, 

LULC and slope data were collected and analyzed quantitatively. 

3.2.2 Qualitative Data 

Qualitative data was acquired from the interview with key respondent. In addition, 

certain responses from questionnaires distributed in homes were open ended and 

elicited varied responses that were analyzed qualitatively. The responses were 

categorized into themes. Furthermore, information from field observations on water 

supply issues, water use behaviors, and stormwater utilization and management 

formed part of the qualitative data. The data was analyzed qualitatively by 

categorizing responses into themes.  

3.3 Study Area Description 

The study was undertaken in Kapseret Sub-County (KSC), Uasin Gishu County. The 

area was selected for this study because households experience seasonal water 

shortages despite the area receiving ‗sufficient‘ rainfall annually. In addition, there 

has been unprecedented land use change in the study area that has resulted in 

increased runoff volumes. 

3.3.1 Physical Location  

Kapseret Sub-County is one of the 6 administrative units in Uasin Gishu County and 

consists of five wards namely Kapseret/Simat, Langas, Kipkenyo, Ngeria and Megun. 

The headquarters of Kapseret Sub-County is Kapseret center. It is located to the South 

West of Eldoret Town, along Eldoret-Kisumu road and it is about 10 km from Eldoret 

Central Business District. Figure 0.1 shows the location of Kapseret Sub-County, 

Uasin Gishu, Kenya.  
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(Source: UGC 2018) 

Fig 3. 1: Location of Kapseret Sub-County and Basin, Uasin Gishu, Kenya 
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3.3.2 Size and Population 

The sub-county has an area of 299.3 km
2 

and an average population density of 663 

persons per km
2
 (KNBS, 2019). It is notably the smallest in size, yet the most densely 

populated sub-county in UGC. In 2019, it had a population of 198,499 persons and 

59, 746 households. Given the national intercensal growth rate of 2.2% from the 2019 

census, population of KSC in 2022 is projected at 211,890 persons. 

3.3.3 Climate 

UGC has a relatively cool climate with mean annual temperatures across the county 

being predominantly below 21°C, a factor attributed to its location on a plateau that 

rises gently from 1500m above sea level to 2,700 m above sea level. Rainfall in the 

county is relatively high with the northern and central parts receiving between 1000 

and 1250mm of rainfall annually, the southern parts receiving 1250-1500mm annually 

and the western tip receiving above 1500mm. The rainy season lasts from March to 

September followed by a dry spell lasting from November to February (UGC, 2018). 

3.3.4 Soils 

Soils in the county are red loam soils, red clay soils, brown clay soils and brown loam 

soils (MoALF, 2017). The two soil types in KSC are orthic ferrasols and humic 

nitosols. 

3.3.5 Slope of the Study Area 

There is evidence of slope in KSC. The largest area (262.68 km
2
) has a gentle slope of 

<5%, 3.66 km
2
 has a slope of 10-15% while only 0.6 km

2
 has a slope of >15%. Figure 

3.2 shows the degree of slope in KSC. 
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(Source: Author, 2023) 

Fig 3. 2: Degree of slope in Kapseret Sub-County 
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3.3.6 Drainage 

The DEM revealed a stream network exhibiting a dendritic pattern in Kapseret basin. 

There are numerous ephemeral streams and four main rivers, Kipkaren, Elegirini, 

Ngara and Sosiani. There are five main dams in KSC; Ngeria, Strawback, Kimuri, 

Eldoret Airport and St. Georges. 

3.4 Target Population and Sampling Procedure 

The target population is the people living in Kapseret Sub County, and the unit of 

analysis is the household. The number of households in Kapseret sub-County from the 

2019 census was 59,746, with a total population of 198,499 persons. 

3.4.1 Sample Size 

The sample size was determined using Yamane‘s formula as adopted from Yamane 

(1967).  

𝑛 =
𝑁

1 + 𝑁𝑒2
 

Where 

n=  sample size, N = population size, and e = Margin of error (MoE), e = 0.05 

Sample size=
59,746

1+59,746∗0.052 

Thus, the sample size from a population of 59,746 households at 95% significance 

level was 399.993 which is approximately 400 households. Yamane‘s sampling 

formula is a simplified but widely accepted formula for determining sample size 

(Singh & Masuku, 2014). 
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3.4.2 Sampling Techniques 

Stratified random sampling was applied to identify respondents drawn from each of 

the 4 rural wards namely Simat, Kapseret, Ngeria and Megun. Langas/ Pioneer is 

entirely an urban settlement. The sample size was proportional to the population size. 

Each ward was a stratum, from which respondents were selected randomly to give 

equal chances of selection.  Villages were listed from each ward, after which 4 

villages in Kipkenyo, 7 in Kapseret/ Simat, 6 from Ngeria and 3 from Megun were 

picked randomly, based on number of households in each ward. From each selected 

village, the first household was picked randomly followed by every fourth household, 

until the required sample size was achieved. Out of the 400 respondents, 83 were 

selected from Kipkenyo ward, 137 from Kapseret/Simat ward, 122 from Ngeria Ward 

and 62 from Megun ward in proportion to population size. Table 3.1 shows the 

population size in 2019 and corresponding required sample size from each ward. 

Table 3. 1: Population in Kapseret Sub-County Wards and sample sizes 

 

  

S/No Ward Number of 

Households-

2019 

Sample 

Size 

Required 

Sample Size 

Collected 

No Of 

Villages 

 

1 Kipkenyo 4108 82 83 4  

2 Kapseret/Simat 6778 136 137 7  

3 Ngeria 6009 120 122 6  

4 Megun 3080 62 62 3  

 TOTAL 19975 400 404 20  
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3.5 Data Needs 

This section details the data requirements for each objective and how the data was 

acquired. 

To determine per capita and household domestic water consumption, data on socio-

economic characteristics of households including age, income and level of education 

was acquired by interviewing households. Other information from the interviews 

included sources of water, distance to water source, domestic uses of water, amount of 

water used for various water uses, and reliability of water sources. 

To estimate stormwater yield in Kapseret basin, rainfall, soil type, Land Use Land 

Cover (LULC) and slope data were required. Rainfall and temperature data was 

acquired from the Eldoret Airport and Kapsoya Meteorological stations and 

downloaded from World Weather for Water Data Service (W3S) website. This 

included daily rainfall and temperature data for 2019 and annual rainfall data for the 

past 35 years. Soil data was downloaded from FAO and also acquired from Kenya 

Soil Survey and processed by ArcGIS. DEM was generated for the study area using 

ArcGIS. LULC map was downloaded from USGS website at 30m resolution and 

processed using ArcGIS. To identify suitable sites for stormwater harvesting, data on 

slope and stream network was collated from DEM, while details of proximity to 

institutions, road and airport network was collated from LULC. DEM of 30m was 

downloaded from USGS website, which was used to process stream network, slope 

and contours. The LULC map downloaded from USGS website was used to process 

maps on roads, airport and institutions. 

To determine factors influencing stormwater utilization households were interviewed 

on their uses of water, accessibility to stormwater, perception on quality of 
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stormwater, reliability of other water sources, awareness that stormwater is a source 

of water and uses of stormwater. 

To determine the challenges of stormwater management, data was required on level of 

household‘s engagement on SWM, level of education on SWM, technical and 

financial capacity to engage in SWM. In addition, data from key informant included 

budgetary allocation towards stormwater management, policy framework for 

stormwater management within UGC, and sufficiency of personnel and equipment for 

stormwater management. 

3.6 Data Collection Procedures 

Both primary and secondary data was collected.  

3.6.1 Primary Data 

Primary data was collected using the following instruments. 

a) Survey 

Questionnaires were used to carry out a cross-sectional survey across KSC. This study 

used both closed and open ended questionnaire which was used to collect data on 

household characteristics, uses of water, sources of water, distance to water source, 

water shortage, water consumed for various water uses, access to stormwater, 

stormwater utilization and stormwater management. Although the questionnaires 

yielded more quantitative data, useful qualitative data was also captured. 

b) Interview with Key Respondent 

A structured interview schedule with both closed and open ended questions was 

prepared. A key respondent was interviewed from the directorate of water in the 
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Ministry of Water, Environment, Natural Resources, Tourism and Wildlife 

Management, Uasin Gishu County. The interview captured information on the water 

supply situation in Uasin Gishu, budgetary allocation for water supply and stormwater 

development, legal framework, status and challenges of stormwater management, and 

anticipation of the UGC with respect to water provision and stormwater management. 

c) Observation and Photography 

An observation schedule was utilized to collect information on water consumption 

and supply, stormwater, stormwater harvesting and stormwater management. This 

was done by completing an observation schedule and taking photographs. 

3.6.2 Secondary Data 

Secondary data was collected using the following instruments. 

a) Geospatial Tools 

GIS and RS techniques were used to acquire LULC imagery and DEM for KSC. Soil 

maps were downloaded from FAO and Kenya Soil Survey. The DEM was 

downloaded from https://earthexplorer.usgs.gov/ with a resolution of 30m, and DEM 

of the study area extracted and used to generate stream network, slope map and 

contours. In addition, Landsat 8 satellite imagery were obtained from the US 

Geological Survey website and used to generate land use and land cover maps. The 

Kapseret Sub-County shape file obtained from Independent Electoral and Boundaries 

Commission (IEBC) was used for sub setting the landsat imagery to the desired 

location. 

  

https://earthexplorer.usgs.gov/
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b) Records 

In this study, the sources of documentary data used included rainfall and temperature 

data which was acquired from Eldoret Airport and Kapsoya Meteorological Stations 

and complimented with that downloaded from MS3 website that is compatible with 

SWAT. In addition, laws and policy governing water resource management were 

reviewed.  

3.7 Methods of Data Analysis and Presentation  

Data was analyzed separately for each objective. 

3.7.1 Domestic Water Consumption 

Household domestic water consumption for dry and rainy seasons was determined 

from household responses in the rural settlements of Kapseret Sub-County. The total 

amount of water used in a household from the individual domestic water uses was 

determined. Households provided data on how much water they used in both dry and 

rainy seasons for each activity in liters. Quantitative data from questionnaires was 

analyzed using the SPSS software to determine the household domestic water 

consumption for rural settlements in liters, for both dry and rainy seasons. Given the 

household size and household water consumption, per capita domestic water 

consumption for each household was computed. 

In addition, using SPSS, linear regression was used to identify the factors influencing 

per capita water consumption in dry and rainy seasons.  
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3.7.2 Assessing the Potential of Stormwater  

To determine the potential of stormwater in augmenting existing water sources, the 

stormwater yield in 2019 was estimated, and suitable sites for stormwater harvesting 

identified. The following data was analyzed; 

a) LULC Map 

Image pre-processing on LULC imagery was done using ArcGIS. The satellite image 

for 3rd August 2019 was geometrically corrected using high resolution google earth 

image of 2019 as reference and projected to coordinate system of World Geodetic 

System, 1984, Universal Transverse Mercator, Zone, 36 North 

(WGS_1984_UTM_Zone_36N) since it is the universal coordinate system which was 

also used for the shape file of the study area. Resampling of the satellite image was 

not necessary since all the five bands (2, 3, 4, 5, and 6) used were to common pixel 

size of 30m. In order to limit the image to the study area only, the shape-file of the 

sub-county was used to clip the image. 

For classification, a total of eight classes were used in this study including trees, 

shrub, grass, cropland, built, bare, water and swamp. A supervised maximum 

likelihood classification (MLC) was subsequently applied to each image; such an 

algorithm has generally been proven to yield superior results from remotely sensed 

data if each class has a Gaussian distribution (Bolstad and Lillesand 1991). The 

maximum likelihood decision rule is based on the probability that a pixel belongs to a 

particular class. The basic equation assumes that these probabilities are equal for all 

classes, and that the input bands have normal distribution. 
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Accuracy assessment was then performed. Classification accuracy refers to the 

comparison of two datasets; one based on the analysis of remotely sensed data, and 

the other is based on reference information (Congalton, 1991). 

Twenty (20) points per LULC class were randomly generated making a total of 160 

accuracy assessment points for the entire basin. The extracted accuracy assessment 

points LULC were then compared to the corresponding Google earth image of 3
rd 

August 2019.  

The specific LULC accuracy is presented in Table 3.2.  

Table 3. 2: LULC accuracy assessment 

 

Overall accuracy=Total No. of correctly classified pixels (diagonal) * 100 

                                                       Total No. of Reference pixels     

=(
18+17+17+19+17+18+18+18+18

160
) ∗ 100 

Overal accuracy=88.75% 

  Actual LULC type 

 

LULC Bare 
Buil

t 

Gras
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Crop 

Shru

b 

Swam
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Trees Water Total 
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ed
 m
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Bare 18 1 0 1 0 0 0 0 20 

Built 2 17 0 0 0 0 1 0 20 

Grass 0 1 17 0 1 1 0 0 20 

Crop 0 0 1 19 0 0 0 0 20 

Shrub 0 0 1 0 17 0 1 1 20 

Swamp 0 0 1 0 0 18 0 1 20 

Trees 0 1 0 0 1 0 18 0 20 

Water 0 0 0 0 1 1 0 18 20 

 

Total 20 20 20 20 20 20 20 20 160 

 
Accurac

y (%) 90.0 

 

85.0 

 

85.0 95.0 85.0 90.0 90.0 90.0  
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b) Soil Type 

Soils data from The Soil Survey of Kenya and Food and Agricultural Organization 

(FAO) is available in shape file and was clipped for the study area using the basin as 

the boundary. The soil map was processed using ArcGIS, and presented as a soil map.  

c) Rainfall Data 

Rainfall data was obtained from the Eldoret Meteorological Department. A data set 

was also sourced from https://www.uoguelph.ca/watershed/w3s/. This was 

downloaded in a format compatible with SWAT. In addition, seasonal rainfall 

variability analyzed using monthly and annual averages, and presented in a line graph. 

d) Digital Elevation Model (DEM) 

The Kapseret basin boundary was generated from DEM using the ―Watershed 

Delineator‖ in SWAT. Other spatial data generated include the slope map, streams 

network, outlets and the watersheds, also referred to as sub-basins.  

e) Estimating Stormwater Yield 

Processing was done using SWAT 2012 model.  First, the model was calibrated. 

Model calibration is an important process, and helps to increase robustness of the 

model in simulation (Karki et al, 2020). Wallace et al. (2018) noted that watershed 

size at which SWAT is calibrated has little effect, but the watersheds must have 

similar physiographic features. Since the study area lacked available stream flow 

measurements, data from neighboring basins of Sosiani River, Nzoia River and 

Kaptagat River were used to calibrate the model. The specific study basin model 

parameters for the calibration were sourced from Kibii et al., (2021), Odira et al., 

https://www.uoguelph.ca/watershed/w3s/
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(2010) and Mainya (2017). The calibration in the study catchment was assisted by the 

ArcSWAT manual calibration helper.   

For parameters with more than one value, means were obtained and used. The 

summary is presented in Table 3.3.  

Table 3. 3:Calibrated parameter values 

Parameter  Parameter value Source Watershed 

CN Agriculture – 85 

Forest – 75.45 

Shrub – 80.12 

Water bodies – 92 

Grassland – 84.1 

Mainya (2017) Sosiani River 

ESCO  0.95 Odira et al. (2010) Nzoia River 

GWQMN 0 Odira et al. (2010) Nzoia River 

REVAPMN 0 Odira et al. (2010) Nzoia River 

GWREVAP 0.02 Odira et al. (2010) Nzoia River 

GWREVAP 0.05 Kibii et al. (2021) Kaptagat River 

Alpha_BF.gw 0.048 Kibii et al. (2021) Kaptagat River 

GWQMN 1000 Kibii et al. (2021) Kaptagat River 

After model calibration, SWAT model was run to estimate stormwater yield in KSC 

in 2019. The inputs into SWAT model included soil map, slope map, LULC map, 

DEM and daily climate parameters particularly rainfall and temperature. Surface 

runoff was estimated on monthly basis.  

f) Identifying Suitable Sites for Stormwater Harvesting 

To identify suitable sites for stormwater harvesting, the DEM of KSC was first added 

into ArcMap and projected to WGS_1984_UTM_Zone_36N using Raster projection 

tool. The shape file of the study area was then overlaid on the DEM in order to clip it 

to the extent of the study area using Data Management Tool, Raster, Raster 

Processing, Clip tool in ArcMap. The contours were then generated in ArcMap using 

Arc Toolbox‘s spatial analyst tool. The contour interval was set to 10 meters. The 
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contour shape file was then projected from geographic coordinates system to UTM 

using Data Management Tool, Projection and Transformation. 

Secondly, criteria classification and ranking was done. Criteria classification enables 

standardization of the factors, hence allows uniform consideration when performing 

overlay analysis. Ranking was done to segregate the classes based on their considered 

importance to selection of suitable stormwater harvesting sites. Five ranks were 

considered ranging from a scale of 1 representing the least preferred to 5, representing 

the most preferred. This was done for each criterion based on the expert assessment 

and recommendations as shown in Table 3.4. 

Table 3. 4: Criteria Classification and Ranking 

Criterion  High rank Low rank Reason  

Slope  Well 

drained, 

gentle 

sloping 

Steep and 

flat land 

Gentle slope is cost effective and less 

prone to landslide (Wondimu & Jote, 2020; 

Buraihi et al., 2015; Critchley & Siegert, 

1991) 

Proximity to 

streams  

Near Far The shorter the distance to streams, the 

better (Wondimu & Jote, 2020; Sayl et al, 

2020, Buraihi et al., 2015) 

Road network Far Near May lead to conflict of interest with road 

users and development (Setiawan & 

Nandini, 2022)  

Airport 

proximity 

Far  Near  The dam might attract water fowl posing 

risks to aeroplanes (Setiawan & Nandini, 

2022) 

Institutions  Far  Near  Economic considerations in the event of 

relocation and safety concerns (Setiawan & 

Nandini, 2022) 

LULC Wetlands 

and low 

soil 

erosion 

areas 

Forest Land use types and vegetation coverage 

influence generation of runoff volume and 

velocity. Areas with high runoff potential 

are more suitable sites for water harvesting. 

(Setiawan & Nandini, 2022; Wondimu & 

Jote, 2020; Buraihi et al., 2015) 

Finally, weighting overlay was performed in ArcGIS.  Based on their importance, 

criteria were allocated weights adding up to 100%. Slope and proximity to stream 
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network were considered the weightiest factors, while proximity to airport was the 

least weighty factor. This is shown in Table 3.5. 

Table 3. 5: Assigned criterion weights. 

Criterion  Weight (%) 

Slope  30 

Proximity to river  30 

LULC 15 

Road network 10 

Institutions  10 

Airport proximity 5 

Total 100 

The overlay inputs were all the criteria layers with identical geospatial characteristics 

of 702 columns, 917 rows, pixel size of 30 meters and spatial extent of 

59039.4346329, 738576.044595, 759636.044595 and 31529.4346329 at the top, left, 

right and bottom respectively. The Weighted Overlay tool in ArcGIS will then 

overlay the criterion layers using the common measurement scale, 1-5, and the 

different allocated weights based on the importance to generate the dam suitability 

map. 

The generalized methodology used in data processing and analysis included 

overlaying of base maps including DEM, LULC, rivers, roads, airport, institutions, 

contours and slope. Using multicriteria analysis, suitable dam sites were identified 

and their capacities established. This is presented in Figure 3.3.  
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Fig 3. 3: Process chart showing activities involved in reservoir siting 

3.7.3 Determinants of Stormwater Utilization 

Binary logistic regression was performed on responses from households to determine 

the factors that influence utilization of stormwater, since stormwater utilization 

generated yes or no responses. This is presented in a regression equation. 

Probability of Stormwater use = exponent(W)/1+exponent(W), 

Where W = C + X1*(AccessSW) + X2*(Awareness) + X3*(SWUnclean) + 

X4*(OutdoorUses)------------------------------------------------------------------Equation 1 

Where, 

C is a constant 

X1, X2, …are the coefficients in numerical values for each factor, and 
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(AccesstoSW) is access to harvested stormwater, (SWUnclean) is perception that 

stormwater is unclean, (Awareness) is awareness that stormwater is a source of water 

and (OutdoorUses) is domestic outdoor uses.  

3.7.4 Challenges of Stormwater Management 

Variables are analyzed using SPSS software to summarize the challenges of 

stormwater management as identified by households. In addition, the response from 

key respondent was incorporated. These are presented as tables and graphs. 

3.8 Validity and Reliability 

Louangrath & Sutanapong (2018) defined reliability as consistency in the result of the 

measurement and validity as the precision of the proposed scale, by having the 

instrument testing what it is required to test. Face validity was enhanced in the study 

by having each question addressing a specific issue, and segmenting the instrument 

according to objectives.  

Construct validity was established by having an experienced team of experts and 

researchers to scrutinize the instruments of data collection to ensure that the tool is 

able to measure accurately the phenomenon being studied.  

Criterion related validity was established by ensuring that all variables are included as 

informed by literature review. The entire process enabled the data collection 

instruments to be devoid of ambiguity, errors and omissions.  Reliability on the other 

hand was enhanced by undertaking a pilot study to pre-test the data collection tool. 

Cronbach's alpha coefficient was then determined for the responses from pilot study 

using SPSS software, to test the internal consistency of data collection tool. Moser & 

Kalton (1985) noted that if r>0.5, then internal consistency of the tool is satisfactory. 
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A coefficient, r of 0.616 was achieved form the pilot study. Thus, it was concluded 

that the questionnaires were sufficiently consistent. Following further deliberations, a 

few changes were made on the tool to improve the original data collection tool. 

3.9 Ethical Considerations 

The researcher obtained a research permit from the National Commission for Science, 

Technology and Innovation (NACOSTI), so as to embark on data collection. In 

addition, permission was sought from the County of Uasin Gishu before collecting 

data from households and from the key informant (See Appendices VII and V111). 

The researcher sought informed consent from respondents and maintained privacy and 

confidentiality. The researcher avoided plagiarism by citing appropriately. Finally, the 

researcher observed honesty in collection and analysis of data and presentation of 

findings. 
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CHAPTER FOUR 

 DATA PRESENTATION, ANALYSIS AND INTERPRETATION 

4.1 Introduction 

This chapter presents results of analyzed data collected for the study within rural areas 

in Kapseret Sub County, Uasin Gishu, within the context of the following objectives; 

to determine per capita domestic water consumption in KSC: to estimate stormwater 

yield and map suitable areas for stormwater harvesting in KSC; to establish 

determinants of stormwater utilization in Kapseret Sub County; and to establish 

challenges facing stormwater management in KSC. 

4.2 Per Capita Domestic Water Consumption. 

To determine the per capita domestic water consumption, the following variables 

were considered in analysis; socio-economic characteristics of the households, 

domestic water uses, domestic water sources, methods of fetching, storing and 

purifying water, distance to main water source, safety of water sources and water 

shortage in the dry season. These were used to determine household domestic water 

consumption, and thereafter the per capita domestic water consumption was 

determined. In addition, this information was used to identify the factors that 

household domestic water consumption. 

4.2.1 Socio-economic Characteristics Households 

To describe the socio-economic characteristics of households in the study area, the 

variables that were analyzed include home ownership type, main housing type, 

income, level of education, household size and land size. 



89 

 

a) Home Ownership Type 

A vast majority of households owned the homes they live in (92.8%), while 5.4% 

rented the houses. Only 1.7% of the residents were workers or caretakers in farms. 

Table 4.1 shows the home ownership types in KSC. 

Table 4.1: Home ownership types in rural areas of KSC 

S/No. Home ownership type Frequency Percentage 

1.  Owned 375 92.8 

2.  Rented 22 5.5 

3.  Caretaker/Farm worker 7 1.7 

4.  Total 404 100.0 

 

b) Housing Type 

The majority of residents (50.3%) lived in temporary houses made of mud or 

polythene while 38.6% lived in permanent structures. Permanent houses include those 

made using construction stones, blocks and bricks. Only 11.1% live in semi-

permanent houses made of iron sheets or wood as shown in Table 4.2. 

Table 4.2: Main housing type in rural areas of KSC 

S/No. Main housing type Frequency Percentage 

1.  Permanent 156 38.6 

2.  Semi-permanent 45 11.1 

3.  Temporary 203 50.3 

4.  Total 404 100.0 

An assessment of construction materials of the houses for the floors, walls and roofs 

was done. The construction materials varied from one house to another. 
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i. Main Construction Material for Floor 

Majority of the houses (46.5%) in the study area had plastered floors, while 37.9% 

had mud floors. Only 15.3% had tiled floors with only 1 house (0.2%) having a 

wooden floor.  Table 4.3 shows the main construction materials for floors. 

Table 4.3: Main construction material for floors in rural areas of KSC 

S/No. Main construction material for floor Frequency Percentage 

1.  Concrete/plaster 188 46.5 

2.  Mud/earth 153 37.9 

3.  Tiles 62 15.3 

4.  Wood 1 0.3 

5.  Total 404 100.0 

 

ii. Main Construction Material for Wall 

The houses in the study area were made from a variety of materials for the walls 

including construction stones, blocks, bricks, iron sheets, mud, polythene and wood. 

Majority of the houses (50%) had mud walls, 21% are made of blocks/construction 

stones, 17.6% were made of bricks while 10.4% are made of iron sheets. Only 0.7% 

and 0.2% of the houses had wooden and polythene walls respectively. This can be 

seen in Table 4.4. 

Table 4.4: Main wall construction material for houses in rural areas of KSC 

S/No. Main construction material for wall Frequency Percentage 

1.  Blocks/stones 85 21 

2.  Bricks 71 17.6 

3.  Iron sheets 42 10.4 

4.  Mud/earth 202 50.0 

5.  Polythene 1 0.3 

6.  Wood 3 0.7 

 Total 404 100.0 
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ii. Main Construction Material for Roof 

Most of the houses (96.8%) of the houses were roofed using iron sheets while 1.5% of 

the houses were roofed using grass and tiles each. Another 1.5% were grass thatched 

while only 0.2% had a polythene roof. This is shown in Table 4.5. 

Table 4.5: Main roofing materials in rural areas of KSC 

S/No. Main roofing material Frequency Percentage 

1.  Grass 6 1.5 

2.  Iron sheets 391 96.8 

3.  Polythene 1 0.2 

4. Tiles 6 1.5 

5. Total 404 100.0 

c) Level of Education 

Majority of the household heads (45%) had attained upto secondary education, 5.4% 

had no schooling, 19.8% had not gone beyond primary school, 19.6% had graduated 

from college, 9.9% had university degree and only 0.2% had post graduate 

qualification, as shown in Table 4.6. 

Table 4.6: Level of education of household heads 

S/No. Highest level of education of household head Frequency Percentage 

1.  Unschooled  22  5.4 

2.  Primary 80 19.8 

3.  Secondary 182 45.0 

4.  College 79 19.6 

5.  Graduate 40 9.9 

6.  Post graduate 1 0.2 

 Total 404 100.0 
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d) Income 

The average income for household head was 21,470.30. However, this income ranges 

from 0 shillings to 200,000 shillings. A small percentage of the household heads 

(6.4%), had no income at all, while majority of the household heads (64.6%) had an 

income of ksh1-ksh 20,000. 15.6% earned between ksh 20001 and ksh 40000, while 

6.4% earned between ksh 40001 and ksh 60000. Only 6.9% earned more than ksh 

60000 in a month as shown in Figure 4.1.  

 

 Fig 4.1: Income categories of household heads in KSC 

e) Household Size 

The average household size in KSC was found to be 4.05 persons. The smallest 

family had one member while the largest family had 11 members. That means that on 

average, a household in the study area had a moderately sized family of 4 members. 

 

6.4

64.4

15.6

6.4 6.9

0

10

20

30

40

50

60

70

0 1-20,000 20,001-40,000 40,001-60,000 >60,000

P
e

rc
en

ta
ge

Monthly income



93 

 

f) Household Land Size and Land Uses 

The average land size in KSC was 3.03 acres, ranging from 0 to 84 acres. This means 

that the average acreage for a household in the study area within the sample was about 

3 acres. However, some had no land, particularly those living in rented houses, others 

owned plots of 0.1 acre or 0.25 acre, while others owned large farms, up to 84 acres. 

The land was put under various uses including cultivation, grazing, settlement, roads 

and woodlots. The largest portion of land (40%) was under cultivation, 22% was used 

for grazing, while 18% was under woodlots. 11% of the land was bare, 7% was under 

settlement, while 2% of the land was covered by water bodies. With regard to 

prevalence of land uses, majority of households (77.7%) engaged in cultivation, 

50.3% of the households maintained grazing fields, while 15.8% maintained 

woodlots. Only 9.7% and 0.25% of the households had bare land water bodies 

respectively. Table 4.7 shows the acreage under the various land use categories and 

prevalence of land uses among households. 

Table 4.7: Average acreage and prevalence of various land uses among households 

S/No. Land use Average 

Acreage in 

Acres 

Percentage 

Acreage 

Percentage of 

households with 

particular land use 

1.  Cultivation 2.2 40 77.7 

2.  Grazing land 1.2 22 50.3 

3.  Settlement 0.4 7 100.0 

4.  Woodlots 1.0 18 15.8 

5.  Bare land 0.6 11 9.7 

6.  Water bodies 0.1 2 0.25 

4.2.2 Domestic Water Sources 

There are multiple water sources in Kapseret Sub-County including shallow wells, 

harvested rain water, river, stream, borehole, metered piped water, unmetered piped 
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water, dams and springs. Some households had access to multiple sources of water, 

especially in the rainy season where they would additionally use rain water. Majority 

of the households (92.8%) had access to a shallow well, while dams and springs were 

accessible to. This is presented in Figure 4.2. 

  

Fig 4.2: Water sources accessible to households in KSC 

 

a) Main Water Source in the Dry Season 

The main source of water for a majority of households in the dry season was shallow 

well, which accounted for 82.4% of the respondents. Rivers were a source of water 

for 10.6% of the households, while metered and unmetered piped water supply 2% 

and 1.5% of the households respectively. Dams were a source of water for only 1% of 

the households. A small percentage of households accessed their water from borehole, 

harvested rain water and springs, each accounting for 0.5%. This can be seen in Table 

4.8. 
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Table 4.8: Main source of water for domestic use in the dry season 

S/No. Main source of water in the dry season Frequency Percentage 

1.  Shallow well 334 82.7 

2.  River 43 10.6 

3.  Metered piped water 8 2.0 

4.  Unmetered piped water 6 1.5 

5.  Dam 4 1.0 

6.  Stream 3 0.7 

7.  Borehole 2 0.5 

8.  Harvested rain water 2 0.5 

9.  Spring 2 0.5 

 Total 404 100.0 

 

b) Main Water Source in the Rainy Season 

Majority of the households (74%) use water from shallow wells in the rainy season. 

16.3% harvest and use rain water, 4.5% use water from the river, 1.7% access their 

water from the stream, 1.5% use metered piped water, 1% use unmetered piped water, 

0.5% accessed water from boreholes while 0.2% access water from dams and springs 

each. The main water sources in the rainy season in KSC are indicated in Table 4.9. 

Table 4.9: Main source of water in the rainy season 

S/No. Main source of water in the rainy season Frequency Percentage 

1 Shallow well 299 74.0 

2 Harvested rain water 66 16.3 

3 River 18 4.5 

4 Stream 7 1.7 

5 Metered piped water 6 1.5 

6 Unmetered piped water 4 1.0 

7 Borehole 2 0.5 

8 Dam 1 0.2 

9 Spring 1 0.2 

 Total 404 100 
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4.2.3 Safety of Domestic Water Sources 

The use of water from protected or unprotected sources varied in the dry and rainy 

seasons. Protected sources include boreholes, metered piped water, rainwater 

collected in tanks, protected springs and covered shallow wells. Unprotected sources, 

on the other hand include dams, rivers, streams, unprotected springs and uncovered 

wells. In the rainy season, 36.6% of households used water from unprotected water 

sources including shallow wells, rain water collected in open containers, rivers, 

stream, dams and unprotected springs, as shown in Table 4.10. 

Table 4.10: Level of access to protected water sources in the rainy seasons 

S/No. Main Water Source in the rainy 

Season 

Is water source 

protected 

Total 

No Yes 

1.  Shallow well 98 201 299 

2.  Harvested rain water 24 42 66 

3.  River 18 0 18 

4.  Stream 7 0 7 

5.  Metered piped water 0 6 6 

6.  Borehole 0 2 2 

7.  Unmetered piped water 1 3 4 

8.  Dam 0 1 1 

9.  Spring 0 1 1 

 Total 148 256 404 

 Percentage 36.6 63.4 100 

 

In the dry season, 41.1% of the households accessed water from unprotected sources 

including dams, shallow well, unprotected spring, unmetered tap and rivers. The level 

of access to protected water sources in the dry season is presented in Table 4.11. 
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Table 4.11: Level of access to protected water sources in the dry season 

Below are examples of protected and unprotected water sources in various parts of 

Kapseret sub-county. 

i) Shallow wells 

Protected shallow wells are those with a concrete cover constructed to cover them. An 

example is shown in Plate 4.1. 

S/No. Main Water Source in the Dry 

Season 

Is water source 

protected 

Total 

No Yes 

1.  Borehole 0 2 2 

2.  Dam/pan 4 0 4 

3.  Harvested rain water 0 2 2 

4.  Metered piped water 0 8 8 

5.  River 43 0 43 

6.  Shallow well 109 225 334 

7.  Spring 1 1 2 

8.  Unmetered piped water 6 0 6 

 Total 166 238 404 

 Percentage 41.1 58.9 100 
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(Source: Author, 2022) 

Plate 4.1: A protected shallow well in Lemook, KSC 

An unprotected shallow well is an open, or not properly covered well, which is prone 

to contamination from runoff, effluents and objects that could fall into the well. An 

example is shown in Plate 4.2. 
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(Source: Author, 2022) 

Plate 4.2: An unprotected shallow well in Simat, KSC. 

i) Springs 

A spring is an outlet of groundwater onto the surface. A spring could be unprotected, 

as can be seen in Plate 4.3.  

 

(Source: Author, 2022) 

Plate 4.3: An unprotected spring at Ngara Falls, KSC. 



100 

 

In other instances, springs could be protected so that residents fetch water directly 

from the spring as opposed to fetching water from a pool. An example of a protected 

spring is presented in Plate 4.4. 

 

( Source: Author, 2022 ) 

Plate 4.4: A protected spring in Kipkenyo, KSC. 

ii) Rivers 

During extreme dry weather conditions when shallow wells dry up, households fetch 

water from the rivers. In Plate 4.5, women can be seen cleaning clothes near the river 

while donkeys are used to transport water to homes. In addition, cattle drink water 

from the same source. 
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( Source: Author, 2022) 

Plate 4.5: Various water uses along Kipkaren River, KSC. 

4.2.4 Methods of Water Purification 

To purify their drinking water, most households either boil or treat, or apply both 

strategies at home. Many households (89.6%), boil their drinking water while 20.2% 

apply chemicals on the water. Only 1.2% have access to treated water from 

ELDOWAS, while 2% buy bottled water, as shown in Figure 4.3.  
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Fig 4.3: Household water purification options 

4.2.5 Distance to Main Water Source 

Distance from the main water source varied in the dry and rainy seasons. The average 

distance to the main water source increased from an average of 22 meters in the rainy 

season to an average of 216 in the dry season. The longest distance in the dry season 

is 2000m compared to 200m in the rainy season. This is because of seasonal water 

shortage. During the dry season, almost half of the population (44.8%) experience 

water shortage. This can be seen in Figure 4.4. 

 

Fig 4.4: Percentage of households that experience water shortage in the dry season 
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As a result of the water shortage experienced in the dry season, households conserved 

water in various ways. Water reuse was practiced by 41.3% of the respondents while 

37.9% avoided cleaning the floors of their houses daily. Another 29% cleaned clothes 

occasionally, 28.9% used minimum amount of water possible for various activities, 

24.8% watered animals at the water point, for instance river, while 29.7% washed 

clothes at the water point. This can be seen in Figure 4.5. 

 

 

Fig 4.5: Water conservation strategies in KSC 
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pulley and 2% use a hand pump, and 3% have piped water, as presented in Figure 4.6.

 

Fig 4.6: Methods of fetching water in KSC 

Majority of the households (71.3%) fetch and store water in 10 or 20 liter jerricans, 

while only 28.7% store their water in tanks as shown in Table 4.12. 

Table 4.12: Domestic water storage facilities 

S/No. Type of storage Frequency Percentage 

1. 10/20 liter jerricans 288 71.3 

2.  Tank/s 116 28.7 

 

There are two main types of tanks in the study area including plastic and concrete 

tanks. The plastic tanks could be elevated or placed on the ground. Some households 

had more than one tanks. 28.7% of the households had elevated plastic tanks while 

2.2% had plastic tanks placed on the ground. Only 1% of the households had concrete 

tanks. Table 4.13 shows the type of tanks in KSC. 
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Table 4.13: Type of tanks in the study area 

S/No. Type of tank Frequency Percentage  

1.  Elevated plastic tank 108 26.7 

2.  Plastic tank on the ground 9 2.2 

3.  Concrete tank 4 1.0 

 

The average capacity of tanks was 3184.70 liters, ranging from a minimum capacity 

of 100 liters to a maximum capacity of 10000 liters. Some families had multiple tanks 

to cushion their families from acute water shortages in the dry season. There was a 

positive moderate correlation, r=0.487 between tank ownership and monthly income 

level, and a correlation of r=0.523 between tank ownership and main housing type. 

This is presented in Table 4.14. 

Table 4.14: Correlation between tank ownership, income and housing type 

Variable  Ownership of a 

tank 

Monthly 

income 

Main housing 

type 

Ownership of a 

tank 

Pearson Correlation 1 0.487 0.523 

Monthly income Pearson Correlation 0.487 1 0.475 

Main housing type Pearson Correlation 0.523 0.475  

N=404 

Correlation is significant at the 0.01 level (2-tailed). 

4.2.7 Household Water Uses 

It was established that domestic water uses in rural areas of KSC varied and included 

drinking, cooking, bathing, toilet flashing, cleaning house, cleaning utensils, irrigating 

potted plants and lawns, washing of bicycles, motorcycles and cars, and watering 

animals including poultry, sheep, goats, pigs, cattle. The uses varied across the dry 

and rainy seasons. 
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a) Drinking and Cooking Uses 

All households used water for cooking and drinking in their homes. A comparison 

was made for this water use in the dry and rainy seasons. The result indicates that for 

cooking and drinking, households used an average of 25.5 liters in the dry season and 

29.7 liters in the rainy season. This is presented in Table 4.15. 

Table 4.15: Average amount of water used for cooking and drinking in a household in a 

day 

Season Average amount of water used 

per household in liters 

N Percentage 

Dry season 25.5 404 100 

Rainy season 29.7 404 100 

 

b) Cleaning of Utensils 

Majority of the respondents, (99.8%) used water to clean utensils in their homes. The 

amount of water used for cleaning utensils varied with seasons. In the dry season, 

households used an average of 26.3 liters compared to 29.4 liters in the rainy season. 

This is shown in Table 4.16. 

Table 4.16: Average amount of water used to clean utensils in a household in a day 

Season Average amount of water used per 

household in liters 

N Percentage 

Dry season 26.3 403  99.8 

Rainy season 29.4 403 99.8 
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c) Bathing  

All households (100%), use water for personal hygiene in the rainy season. However, 

in the dry season, 0.5% of the respondents did not use water for bathing. In addition, it 

was observed that the amount of water used in the dry season for bathing was lower in 

the dry season compared to the amount used in the rainy season. The average amount 

of water used for personal hygiene in the dry and rainy seasons was 48.7 liters and 

52.9 liters respectively. This can be seen in Table 0.17. 

Table 4.17: Average amount of water used for bathing in a household in a day 

Season Average amount of water used per 

household in liters 

N Percentage 

Dry season 48.7 402 99.5 

Rainy season 52.9 404 100 

 

d) House Cleaning 

 More households used water to clean their houses in the rainy season (84.9%) 

compared to those in the dry season (84.2%). The amount of water used for this 

purpose was higher in the rainy season (16.4 liters) compared to 13.8 liters used in the 

dry season. This can be seen in Table 4.18. 

Table 4.18: Average amount of water used for house cleaning in a household in a day 

Season Average amount of water used per 

household in liters 

N Percentage 

Dry season 13.8 340 84.2 

Rainy season 16.4 343 84.9 

 

 



108 

 

e) Laundry 

All households used domestic water to clean their clothes. However, frequency of 

cleaning laundry varied from one household to another across seasons. In the dry 

season, 47.8% of the households cleaned laundry daily using an average of 38.4 liters 

compared to 52.2% who cleaned their laundry occasionally, using an average of 26.8 

liters. In the rainy season, 55.2% of the households clean their laundry daily using an 

average of 41.8 liters while 44.8% cleaned their laundry occasionally using an 

average of 32 liters. The findings are as presented in Table 0.19. 

Table 4.19: Average amount of water used for laundry in a household in a day 

Season Average amount of 

water used per 

household in liters 

       N Percentage 

Dry season- daily laundry 38.4 193 47.8 

Rainy Season-daily laundry 41.8 223 55.2 

Dry season-occasional laundry 26.8 211 52.2 

Rainy season-occasional laundry 32.0 181 44.8 

Dry season(Average) 32.7 404 100.0 

Rainy season(Average) 37.5 404 100.0 

 

f) Flushing toilets 

Only 12.6% of the population used water to flush toilets in the dry season compared 

to 14.4% in the rainy season. The amount of water used to flush toilets was higher in 

the rainy season (5.6 liters), compared to 4.5 liters used in the dry season. This is 

shown in Table 4.20. 
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Table 4. 20: Average amount of water used for flushing toilets in a household in a day 

Season Average amount of water used per 

household in liters 

N Percentage 

Dry season 4.5 50 12.4 

Rainy season 5.6 57 14.1 

g) Outdoor uses 

These are household water uses outside the domestic category. They include lawn 

irrigation and irrigation of potted plants, watering poultry and animals, and cleaning 

cars and bikes.  

i) Potted plants and lawn irrigation 

A few households use water for watering potted plants and lawn irrigation.  This was 

represented by 9.2% in the dry season and 4% in the rainy season. In addition, more 

water was used in irrigating lawns and potted plants in the dry season (13.4 liters), 

compared to an average of 4.1 liters in the rainy season. This is shown in Table 4.21. 

Table 4. 21: Average amount of water used for potted plants and lawn irrigation 

in a household in a day 

Season Average amount of water used per 

household in liters 

N Percentage 

Dry season 13.4 37 9.2 

Rainy season 4.1 16 4.0 

ii) Watering animals 

The number of animals and birds kept varied from one household to another. This 

directly influenced the amount of water used by these domestic animals. On average, 

a household had 7 chicken, 4 cows and/or donkeys and 5 sheep and/or goats. The 

amount of water used per household for watering animals increased significantly in 
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the dry season compared to the rainy season. Majority of the respondents (64.9%) 

kept cows, 43.8% kept sheep and/or goats while 43.3% kept poultry. In the dry 

season, household used an average of 2.4 liters for poultry, 64.1 liters for cattle and 

9.6 liters for sheep. In the rainy season, the average amount is generally lower, with 

poultry consuming 2.5 liters, 52.1 liters for cattle and 9.2 liters for sheep.  The 

findings are presented in Table 4.22. 

Table 4. 22: Average amount of water used for watering animals in a household 

in a day 

4.2.8 Household Domestic Water Consumption 

The household domestic water consumption pattern was determined as an aggregate 

of water used in individual domestic water uses. This includes cooking and drinking, 

cleaning utensils, bathing, cleaning house, laundry, and flushing toilets. Other non-

domestic home uses included lawn irrigation and potted plants, and watering animals 

including poultry, sheep and goats, pigs, cattle and donkeys. This was done for both 

the dry and rainy seasons. Amount of water used in various activities varied with 

seasons. Amount of water used for cooking and drinking, cleaning utensils, bathing, 

Season Animal Average 

number of 

animals kept 

Mean in 

liters 

Number of 

households 

Percentage 

Dry season Poultry 7.3 2.4 175 43.3 

Rainy season Poultry 7.3 2.5 175 43.3 

Dry season Cows and 

donkeys 

4.0 64.1 262 64.9 

Rainy season Cows and 

donkeys 

4.0 52.1 262 64.9 

Dry season Sheep and 

goats 

5.1 9.6 177 43.8 

Rainy season Sheep and 

goats 

5.1 9.2 177 43.8 
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house cleaning, laundry, flushing toilets, poultry and washing cars or motorbikes was 

lower in the dry season compared to the rainy seasons. On the other hand, the average 

amount of water used for watering cattle and sheep and irrigating lawns and potted 

plants was significantly higher in the dry season. These water uses can be categorized 

as indoor or outdoor, with indoor uses involving water use types that are specifically 

meet human needs. Indoor water uses include for cooking and drinking, cleaning 

utensils, bathing, house cleaning, laundry and flushing toilets. On the other hand, 

outdoor uses include activities such as watering animals, washing bicycles, 

motorbikes, cars, irrigating lawns and potted plants. The average household domestic 

water consumption was found to be 149 liters and 168.8 liters in the dry and rainy 

seasons respectively.  This is can be seen in Table 4.23. 

Table 4. 23: Average amount of water consumed for the various activities in a 

household in a day 

Category of Water 

Uses 

S/No. 

Water Use Activity 

Quantity 

Consumed in 

Liters-Dry 

Season 

Quantity 

Consumed in 

Liters-Rainy 

Season 

A. Domestic 

Uses 

1.  Cooking and drinking 25.5 29.7 

 2.  Cleaning utensils 26.3 29.3 

 3.  Bathing 48.5 52.7 

 4.  House cleaning 11.6 14 

 5.  Laundry-Average 32.6 37.5 

 6.  Flushable toilets 4.5 5.6 

  TOTAL 149 168.8 

B. Other Uses 1.  Poultry 2.5 2.4 

 2.  Cattle/donkey 64.1 52.1 

 3.  Sheep/goats/pigs 9.6 9.2 

 4.  Washing cars/motorbikes 2.2 2.6 

 5.  Potted plants/lawn 

irrigation 

13.4 4.1 

  TOTAL 91.8 70.4 
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4.2.9 Determining Per Capita Domestic Water Consumption 

Per capita domestic water consumption was determined for each of the 404 

households given the household size. The average per capita water consumption in the 

dry and rainy seasons was computed as 41 liters and 48 liters respectively. This is 

shown in Table 4.24. 

Table 4.24: Per capita water consumption 

Category of Water 

Uses 

S/No. Water Use Activity Water 

Consumption 

in Liters-Dry 

Season 

Water 

Consumption 

in Liters-

Rainy 

Season 

A. Domestic 

Uses 

1.  Cooking and 

drinking 

7 8 

 2.  Cleaning utensils 8 9 

 3.  Bathing 13 14 

 4.  House cleaning 3 4 

 5.  Laundry-Average 9 11 

 6.  Flushable toilets 1 2 

  TOTAL 41 48 

B. Other Uses 1.  Poultry 1 1 

 2.  Cattle/donkey 20 15 

 3.  Sheep/goats/pigs 3 3 

 4.  Washing 

cars/motorbikes 

1 1 

 5.  Potted plants/lawn 

irrigation 

5 1 

  TOTAL 30 21 

     

 

4.2.10 Factors Influencing Household Domestic Water Consumption  

Linear regression was used to identify independent factors that influence household 

domestic water consumption and per capita domestic water consumption. In linear 

regression, a significance level of <0.05 implies that an independent variable 

influences a dependent variable. 
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Informed by literature review, the independent variables that were assessed included; 

main housing type (temporary, semi-permanent or permanent), home ownership type 

(owned, rented or other), land size, household size, level of education of household 

head, household income, distance to water source, water source, and outdoor water 

uses. 

Linear regression function was performed to identify the factors that influence 

household domestic water consumption in dry and rainy seasons. The following 

factors were found to influence household domestic water consumption in the rainy 

season; main housing type, household size, level of education of household head, 

income of household head, distance to water source and capacity of water tank. This 

is because they had a significance of <0.05. Table 4.25 presents results from linear 

regression associating household domestic water consumption with several 

independent variables in the rainy season. 

Table 4.25: Factors influencing household domestic water consumption in the 

rainy season 

Coefficients 

 Unstandardized 

Coefficients 

Standardized 

Coefficients 

T Sig. 

B Std. Error Beta   

 

(Constant) 145.287 23.253  6.248 .000 

Main housing type -38.509 8.038 .360 4.791 .000 

Household size 8.398 2.707 .223 3.102 .002 

Education Level 17.425 5.014 .267 3.476 .001 

Income of household head .081 .016 .404 5.024 .000 

Capacity of tank in liters .008 .002 .360 4.528 .000 
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The R
2
 for the model is 0.621 with a standard error of 15.85. this implies that the 

predictor variables in the model account for 62.1% of the household domestic water 

consumption in the rainy season, as shown in summary Table 4.26.  

Table 4.26:  Linear regression model summary for domestic water consumption 

in the rainy season 

 Model R R Square Adjusted R Square Std. Error of the 

Estimate 

1 .791  .625 .621 15.85820 

 

In the dry season, the following factors with a significance of <0.05 were found to 

influence household domestic water consumption; main housing type, household size, 

income and distance to main water source. Table 4.27 presents results from linear 

regression associating household domestic water consumption with an array of 

independent variables in the dry season. 

Table 4.27: Factors influencing household domestic water consumption in the 

dry season 

Coefficients 

Model Unstandardized 

Coefficients 

Standardized 

Coefficients 

T Sig. 

B Std. Error Beta 

D 

(Constant) 138.351 28.192  4.907 .000 

Main housing type -41.720 12.756 .186 3.271 .001 

Household size 12.798 4.391 .162 2.915 .004 

Distance to main 

water source 
-.013 .003 -.300 -5.093 .000 

Income of household 

head 
.394 .029 .787 13.375 .000 
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The model has an R
2 

of 0.647. This implies that the predictor variables in the model 

account for 64.7% of the household domestic water consumption in KSC in the dry 

season. The model summary is presented in Table 4.28. 

Table 4.28: Regression model summary for domestic water consumption in dry 

seasons and selected independent variables. 

 

Model R R Square Adjusted R Square Std. Error of the 

Estimate 

1 .812
a
 .659 .647 26.44564 

 

4.3 Assessing the Potential of Stormwater  

To determine stormwater yield in KSC, the following was data was used in SWAT; 

i. DEM and slope of KSC. 

ii. Climate parameters- rainfall and temperature data of KSC. 

iii. LULC map of KSC 

iv. Soil map of KSC 

4.3.1 Digital Elevation Model (DEM) 

From a larger catchment area, the basin within the study area was identified, and basin 

boundary generated from DEM. This is presented in Figure 4.7. 
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(Source: Author, 2022) 

Fig 4. 7: DEM of Kapseret  Sub-County 

From the DEM, a total of 25 watersheds were delineated from SWAT. Figure 4.8 is a 

presentation of the administrative and basin boundaries, stream network, 25 

watersheds  and 5 outlets. 
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(Source: Author, 2022) 

Fig 4. 8: Kapseret Sub-County administrative boundary, boundaries of basin, 

watersheds (sub-basins), stream network and the outlets 

 The size of each sub-basin was determined, and the outlets, highlighted in blue, were 

mapped. Outlets are the points from which stormwater exit the basin. The entire basin 

occupies an area of 283.818 km
2
. Table 4.29 indicates the size of each sub-basin. 
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Table 4.29: List of extracted sub-basins and outlets 

Sub-basin No. Sub-basin ID 

Area in 

sq.km 

1 100001 5.8704 

2 100001 18.5934 

3 100002 21.9061 

4 100004 9.5140 

5 100005 10.0369 

6 100006 5.6660 

7 100007 4.1836 

8 100008 1.5175 

9 100010 0.9252 

10 100009 8.4281 

11 100011 21.6922 

12 100013 5.3674 

13 100014 5.2952 

14 100015 3.9003 

15 100012 15.6297 

16 100016 15.4956 

17 100017 5.7335 

18 100020 20.4646 

19 100018 13.2165 

20 100021 8.2123 

21 100022 15.8113 

22 100023 8.4937 

23 100024 8.9226 

24 100019 39.1170 

25 100025 9.8249 

TOTAL  283.818 

 

The five outlets from 5 sub-catchments located in sub-basins 2, 3, 17,23 and 25 are 

assigned identification codes (IDs) used in SWAT model. The IDs are 100003, 

100010, 100017, 100024 and 100025. The 5 sub-catchments, each draining through a 

specified outlet, are shown in Figure 4.9. 
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(Source: Author, 2022) 

Fig 4.9: The sub-catchments in Kapseret basin 

The area under each sub-catchment was determined. The largest sub-catchment drains 

through outlet ID 100017 covering about 111km
2
, while the smallest sub-catchment 

drains through outlet ID 100024 and covers 8.9km
2
, as shown in Table 4.30. 

 

 



120 

 

Table 4.30: Areas drained by each of the 5 outlets 

4.3.2 Rainfall Data 

Rainfall amount in the study area is moderately high. The rainfall amount in 2019 was 

1659.3 mm, and the mean for 10 years (2010-2019) was 1526mm (Appendix IX). The 

mean for 35 years was 1312.4mm (Appendix VIII). From the data, it is apparent that 

the rain is not evenly distributed throughout the year, but is concentrated between the 

months of April and September as can be seen in the line graph below. Figure 4.10 is 

a line graph shows monthly rainfall variation in 2019 and 10-year average from 2010-

2019. 

 

Sub basin 

ID 

Outlet ID Sub-basins drained Area drained (km
2
) 

2 100003 1,2 and 3 46.3699 

9 100010 4,5,6,7,8,9,10,11,12,13,14,15 and 16 107.6517 

17 100017 17,18,19,20,21,22 and 24 111.0489 

23 100024 23 8.9226 

25 100025 25 9.8249 
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Fig 4.10: Monthly rainfall amount in KSC in 2019 and 10 year average, 2010-

2019 

4.3.3 LULC 

A LULC downloaded satellite data imagery was captured on 3
rd

 August 2019. 

Satellite imagery processing and analysis was then done using ArcGIS. Using the 

basin boundary, a true color image was generated and supervised classification 

conducted.  A total of 8 training signatures were developed which correspond to each 

identified LULC including trees, shrub, grass, cropland, built, bare, water and swamp. 

This is presented in Figure 4.11. 
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(Source: Author, 2022) 

Fig 4.11: LULC classified map of Kapseret Sub-County 

The LULC classification resulted in classes with different sizes. Cropland occupies 

the largest area (82.8 km
2
) while water bodies occupy the smallest area at 0.141 km

2
. 

Figure 4.12 is a presentation of the area under each LULC in km
2
.  
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Fig 4.12: Area under the various land use categories 

4.3.4 Soil 

Two soil types were identified in the study area; humic latosols and orthic ferralsols. 

Orthic ferrasols are found on the north eastern located on the south-eastern side of 

KSC while humic nitosols are located on the south eastern part of KSC. Their 

distribution is shown in Figure 4.13. 
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(Source: Author, 2022) 

Fig 4.13: Soil map of Kapseret Sub-County 

Orthic ferrasols occupied 160.26km
2
, a larger portion of KSC, while humic nitosols 

occupied 122.55km
2
. Orthic ferralsols are well drained soils, mainly composed of 

sandy clay and were placed in Hydrologic Soil Group B. On the other hand, humic 



125 

 

nitosols composed mainly of silty clay was placed in Hydrologic Soil Group C due to 

its lower infiltration capacity, as shown in Table 4.31. 

Table 4.31: Area under each soil type and their hydrologic rating 

S/No. Soil Type Hydrologic rating Area (km
2
) 

1. 1.  Orthic ferrasols B 123.55 

2. 2.  Humic nitosols C 160.26 

 

Based on the land uses, slope and soil type, curve numbers (CNs) were generated. 

Area under cropland generated a CN of 85, trees 71.7, shrub 75.3, grassland 79 and 

swamp 79. Area under built, bare land and water bodies did not meet the model 

threshold for generation of CN since they covered very a small surface. Table 4.32 

presents a summary CNs of various land covers. 

Table 4.32: CNs from various land uses 

S/No. LULC Area in Sq. Km CN 

1.  Cropland 82.77 85.07 

2.  Trees 48.15 71.74 

3.  Shrub 55.90 75.33 

4.  Grassland 80.73 79.11 

5.  Swamp 9.2 79.0 

 

The weighed CN was computed then from the individual sub-water sheds; 

CN =
𝐶𝑁1∗𝐴𝑟𝑒𝑎 1+𝐶𝑁2∗𝐴𝑟𝑒𝑎 2+⋯..𝐶𝑁𝑖∗𝐴𝑟𝑒𝑎𝑖

𝑇𝑜𝑡𝑎𝑙  𝐴𝑟𝑒𝑎
 

The weighted CN for the basin was determined to be 78.31 which is relatively high. 

4.3.5 Estimating Stormwater Yield 

To estimate stormwater yield, input parameters to the SWAT model included daily 

rainfall amount, slope, LULC and soil type. Runoff for each of the 5 sub-catchments 
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was estimated, hence that of the entire Kapseret basin was determined. The runoff, 

Q1, Q2…Q5, for each sub-basin in liters was computed as: 

QI,2..5= (Surface area in km
2
*1000*1000)* (Surface runoff in mm/1000) *1000. 

The total runoff, Q, for the Kapseret basin was computed as summation of all sub-

basins‘ runoff. 

Q=Q1 + Q2 + Q3 +Q4 + Q5 

Based on CN, slope, LULC and soil type, sub-basin 2 had the highest surface runoff 

estimated at 411.77 mm, though covering the smallest area. Sub-basin 17 had the least 

runoff (348.91mm). Sub-basins 9 and 17 generated the largest volume of runoff, 

accounting for 39.87 billion liters and 37.56 billion liters respectively. Sub-basin 2 

generated 19.09 liters, while sub-basins 23 and 25 generated 3.30 billion liters and 

3.77 billion liters respectively. The total runoff generated in KSC in 2019 was 

365.02mm, equivalent to 103.60 billion liters. This is shown in Table 4.33.      

Table 4. 33: Volume of runoff generated at the outlets 

Sub-basin ID Outlet ID 

Area drained 

(sq.km) 

Surface 

Runoff (mm) 

Runoff in 

billion liters 

2 100003 46.3699 
411.77 19.09373 

9 100010 107.6517 
348.91 37.56075 

17 100017 111.0489 
359.07 39.87433 

23 100024 8.9226 
369.79 3.299488 

25 100025 9.8249 
383.7 3.769814 

TOTAL  283.818 
365.02 103.5981 
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Monthly analysis of runoff was done. Runoff volume was high in August (80.3mm), 

June (64.5mm), May (64mm), September (52.2mm) and July (45mm). Runoff was 

lowest in January, February and December, with <1mm. This is shown in Figure 4.14. 

 

Fig 4.14: Average monthly values for runoff generated in KSC 

Notably, the total monthly runoff generated generally corresponded to the total 

monthly rainfall amount. Both rainfall and runoff volumes were highest between May 

and September. Figure 4.15 shows a comparison of monthly rainfall and runoff 

amounts in mm in 2019. 
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Fig 4. 15: Monthly rainfall and runoff in 2019 

4.3.6 Identification of Suitable Stormwater Harvesting Sites 

To identify suitable sites for stormwater harvesting, important criterion was 

established. The criterion included slope, proximity to roads, proximity to airport, 

proximity to schools and institutions, proximity to stream network and LULC. Their 

layers were prepared separately before weighed overlay was finally performed using 

ArcGIS. Soil   type is an important factor to consider when siting reservoirs. The two 

soil types in KSC are orthic ferrasols and humic nitosols, both of which are highly 

suitable for stormwater harvesting as they are clayey. Soil type was therefore not 

subjected to weighted analysis. 

a) Slope  

Majority of the land (262.68 km
2
) in KSC is sloping gently as shown in Fig. 3.2.  For 

the purpose of ranking, slope was reclassified into five classes of 0-10, 10-20, 20-30, 

30-40 and over 40%. The most suitable location for dam siting was areas with gentle 
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slope were ranked 5, while the least suitable areas with steep slopes were ranked 1, as 

shown in Table 4.34. 

Table 4.34: Ranking with respect to percentage of slope 

Percentage of Slope (%) Class Rank  

0-10 1 5 

10-20 2 4 

20-30 3 3 

30-40 4 2 

40-46.67 5 1 

 

Based on this ranking, the following map shows areas of highest to lowest suitability 

to site stormwater harvesting infrastructure in KSC based on slope. Notably, most of 

the area is gently sloping, hence highly suitable for stormwater harvesting. This is 

shown in Figure 4.16. 
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(Source: Author, 2022) 

Fig 4. 16: Suitable locations for dam siting based on slope 
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b) Proximity to Institutions 

The following institutions were identified in KSC; schools, health facilities, colleges, 

churches and the Ngeria Prisons as shown in Figure 4.17. 

 

(Source: Author, 2022) 

Fig 4. 17: Institutions in KSC 
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Proximity to institutions was reclassified into two classes. The farthest distance from 

any institutions was 11,838m. Areas nearest to institutions were considered least 

suitable for stormwater harvesting and were ranked lowest. This is captured in Table 

4.35.  

Table 4.35: Ranks with respect to proximity to institutions. 

Proximity to institutions in meters Class  Rank  

0-1000 1 1 

1000-11,838 2 5 
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Based on this ranking, Figure 4.18 indicates that significant portions of the area are 

suitable sites for stormwater harvesting.  

 

(Source: Author, 2022) 

Fig 4. 18: Suitable zones for Stormwater Harvesting based on proximity to institutions 
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c) Proximity to Stream Network 

The stream network was extracted from DEM, at 30 m resolution. Reclassification 

was done at intervals of 500 and over 2000. Areas near streams are considered most 

suitable for stormwater harvesting hence ranked highly compared to areas located far 

from stream network, as presented in Table 4.36. 

Table 4. 36: Ranks based on proximity to stream network 

Proximity to streams in meters Class Rank  

0-500 1 5 

500-1000 2 4 

1000-1500 3 3 

1500 -2000 4 2 

2000-3308.7 5 1 

Figure 4.19 depicts classes hence ranks for siting zones for stormwater harvesting 

based on proximity to stream network. 
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(Source: Author, 2022) 

Fig 4. 19: Suitable zones for stormwater harvesting based on proximity to stream 

network. 
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d) Proximity to road 

Areas adjacent to roads were considered unsuitable for location of stormwater 

harvesting infrastructure, hence ranked lowest. The farthest point from any road 

network was 3814.13m. Roads were reclassified into two classes, as shown in Table 

4.37. 

Table 4. 36: Ranks based on proximity to roads 

Proximity to roads in meters Class Rank 

0-100 1 1 

100-3814.13 4 5 

Based on the ranks, the suitable areas for stormwater harvesting based on proximity to 

roads was generated, as presented in Figure 4.20. 
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(Source: Author, 2022) 

Fig 4. 20: Level of Suitability For Stormwater Harvesting Based On Proximity 

To Roads. 
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e) Proximity to airport 

Proximity to the airport was subdivided into two classes of 0-1000 and 1000-

14,036.7m. Class 1 represents the unsuitable areas and are restricted. Table 4.38 

presents ranking with respect to proximity to the airport. 

Table 4. 37: Ranking with respect to proximity to airport 

Proximity to Airport in meters Class Rank  

0-1000 1 1 

1000-14,036.7 2 5 

 

Based on this rank, Figure 4.21 shows the most suitable and least suitable sites for 

stormwater harvesting based on proximity to airport. 
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(Source: Author, 2022) 

Fig 4. 21: Suitable sites for stormwater harvesting based on proximity to airport  
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f) LULC 

LULC was reclassified in into five classes namely built, bare land, cropland, trees and 

grass and combined water and swamp. LULC with generation of highest runoff was 

ranked highest, and those areas with minimal runoff were ranked lower. This is 

presented in Table 4.39. 

Table 4. 38: Ranks based on LULC 

LULC New Class Rank  

Built 1 5 

Bare land 2 4 

Cropland  3 3 

Trees/Grass 4 2 

water/swamp 5 1 

  

Based on the ranks assigned, Figure 22 shows the levels of suitability for siting 

stormwater harvesting infrastructure based on various LULC categories. 
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(Source: Author, 2022) 

Fig 4. 22: Levels of suitability for siting stormwater harvesting infrastructure 

based on various LULC categories 
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g) Weighted Overlay Function 

The Weighted Overlay tool in ArcGIS was used to overlay the criterion layers 

including slope, proximity to roads, proximity to airport, proximity to schools and 

institutions, proximity to stream network and LULC while adopting the weighting 

criteria so as to generate the stormwater harvesting site suitability map. As can be 

clearly seen in Figure 4.23, most of the area is rated as moderate to highly suitable. 
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(Source: Author, 2022) 

Fig 4. 23: Suitable zones and sites for stormwater harvesting  
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Suitability level differed based on the prevailing criteria and the allocated weight.  

The moderate to highly suitable areas for stormwater harvesting covers 74.66% of the 

land surface. However, 21.37% of the area is restricted, while 3.96% has low 

suitability. These two areas are therefore unsuitable for siting stormwater harvesting 

infrastructure. This is shown in Table 4.40.  

Table 4.39: Suitability level for stormwater harvesting 

Suitability level Area in km
2
 Percentage of Area 

Restricted 60.5052 21.37% 

Low 11.2185 3.96% 

Moderate  138.1284 48.79% 

Suitable  72.9729 25.77% 

Highly suitable 0.297 0.10% 

Total  283.122 100.0000 

From the zones identified as suitable and the highly suitable for stormwater 

harvesting, the analysis of contours marked four sites with natural depressions as the 

most suitable sites. The location of each site within the basin is shown in Figure 4.24. 

Of the four sites identified, Site 1 has the largest capacity of 1,422,300 m
3
, and 

longest dam barrier length of 205 meters. Site 2 is on the lowest contour of 1900 

meters. It has the shortest dam barrier length of 35 meters, with a capacity of 637,575 

m
3
. Site 3 is on the 1980 meter contour, with a dam barrier length of 100 meters and 

has a capacity of 684,450 m
3
. Site 4 lies on the 1920 contours with a dam barrier 

length of 160 meters and a capacity of 692,175 m
3
.The four sites combined have a 

capacity of 3,436,500 m
3
, which is equivalent to 3.44 billion liters. Considering basic 

indoor and outdoor uses of 240.8 liters per household, the harvested water is able to 

serve 59,746 households in KSC for 238 days.  Table 4.41 shows the most suitable 

sites for stormwater harvesting and their capacities. 
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Table 4. 40: Suitable stormwater harvesting sites and their capacities 

Site Contour Dam barrier 

coordinates 

Dam barrier 

Length (m) 

Area (m
2
) Volume (m

3
) 

1 2100 750736.6, 

42427.5 

205 206,100 1,422,300 

2 1900 740727.9, 

48965.6 

35 274,500 637,575 

3 1980 744722.8, 

50911.5 

100 100,800 684,450 

4 1920 740913.6, 

55536.7 

160 176,400 692,175 

Total    757,800 3,436,500 

4.4 Stormwater Utilization 

In order to establish determinants of stormwater utilization in Kapseret Sub County, 

the levels of access and level of utilization of stormwater were assessed.  

4.4.1 Access to stormwater 

The study established that only 28% of the households had access by being at close 

proximity to stormwater, while the majority (72%) did not have access. This is shown 

in Figure 4.24. 

 

Fig 4. 24: Level of access to stormwater 
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72%

Access to stormwater No access to stormwater
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Stormwater in the area of study occur in dams, streams, swamps, across farms and 

along roads and footpaths. Majority of the households that had access to stormwater 

said the stormwater was in streams (15.1%), swamps (0.7%) or dams (2.0%). Other 

households noted that runoff occurred only after a rain event, and flowed along the 

road/pathways (6.9%) and across the farms (3.2%).  

Harvested stormwater is captured and stored in dams. Dams in Kapseret Sub-County 

were constructed either by county or national government (75%), institutions (12.5%) 

or individuals (12.5%).  

Of the 8 dams sampled, 7 dams were used by communities and institutions.  Only one 

dam was not utilized. The 7 dams being utilized serve an individual‘s household (one 

private dam), an institution (one dam) and communities (five dams).  

4.4.2 Level of Stormwater Utilization 

The majority of households (88.6%) do not use stormwater for any domestic 

purposes, as shown in Figure 4.25. 
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Fig 4. 25: Level of stormwater utilization in KSC 

Amongst the households that utilized stormwater, the water was used for watering 

animals (9.9%), laundry (6.2%), bathing (4.5), cleaning house (3.5%), drinking and 

cooking (1%), irrigation (1%) and washing cars/motorcycles (0.5%). Some 

households utilized stormwater for multiple domestic uses. Table 4.42 shows the uses 

of stormwater in KSC. 

Table 4. 41: Uses of stormwater 

S/No. Domestic Use Frequency Percentage 

1.  Watering animals 40 9.9 

2.  Laundry 25 6.2 

3.  Bathing 18 4.5 

4.  Cleaning house 24 3.5 

5.  Drinking and cooking 4 1.0 

6.  Irrigation 4 1.0 

7.  Washing cars/motorcycles 2 0.5 

 

It was established that many households (88.6%) did not utilize stormwater. 

Respondents gave various reasons for not using stormwater. Lack of access to 

stormwater was mentioned by most households (65.1%) as the reason why they do not 

11.4%

88.6%

Utilize stormwater

Do not utilize stormwater
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utilize stormwater, while 26.7% of the respondents attributed their failure to utilize 

stormwater to low quality of stormwater. Only 8.4% of the respondents did not need 

to utilize stormwater because their main source of water was reliable. This is indicated 

in Table 4.43. 

Table 4. 42: Reasons for non-utilization of stormwater by households 

S/No. Reason for not using stormwater Frequency Percentage 

1. Lack of access 263 65.1 

2. Stormwater is unclean/unsafe 108 26.7 

3. The main water supply is reliable 34 8.4 

a) Perception About Stormwater 

Perception of residents concerning particular aspects of stormwater was assessed. 

Majority of respondents (74%) agreed that stormwater is a source of water for 

domestic use while 7.2% strongly agreed. Only 11.9% disagreed, 0.7% strongly 

disagreed, while 6.2% were not sure.  

On the need to harvest and store water for use in the dry season, households were 

asked if there was need to harvest stormwater for use in the dry season. From their 

responses, majority (83%) agreed, 9.9% strongly agreed, 4% disagreed, 0.25% 

strongly disagreed, while 2.7% were not sure.  

On whether respondents perceived stormwater as unclean hence unsafe, 8.4% strongly 

agreed, 65% agreed, 10.5% were not sure, and 16.1% disagreed. Thus, generally, 

many residents perceived stormwater as unclean.  This is shown in Table 4.44. 
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Table 4. 43: Perception of residents about stormwater 

 

Statement 

 Percentage of Respondents 

Strongly 

agree 

Agree Not sure Disagree Strongly 

disagree 

Stormwater is a source of 

domestic water 

7.2 74.0 6.2 11.9 0.7 

There is need to harness 

stormwater 

9.9 82.9 2.7 4.0 0.5 

Stormwater is unsafe for 

domestic use 

8.4 65 10.5 16.1 0 

4.4.3 Determinants of Stormwater Utilization 

To establish the determinants of stormwater utilization in the Kapseret Sub-county, 

binary logistic regression was used in data analysis. This method was selected 

because of its ability to handle discrete binary outcomes, and in this study, stormwater 

utilization response was a discrete binary outcome of whether a household had used 

stormwater or not. For this model, stormwater utilization response is confined to a 

probability value of 0 and 1 by transforming its scale to natural logarithms of odds of 

the outcome scale by using the logit function in SPSS. The dependent variable was 

stormwater utilization, that is, whether a household used stormwater for domestic 

purposes or not. The independent variables identified through literature review 

include housing type, home ownership type, household size, land size, household 

income, awareness of stormwater as a source of water, access to harvested 

stormwater, perception of stormwater as unclean, knowledge on stormwater 

management, experience of water shortage and domestic water use types. 

The significance of all the dependent variables on stormwater utilization in the data 

were assessed by stepwise logistic regression where only statistically significant 

variables were selected as the determinants of the stormwater use. The statistically 

significant independent variables in 95% Confidence Interval, P<0.05, include: access 
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to stormwater, perception that stormwater is unclean, awareness and domestic outdoor 

uses (OutdoorUses). Table 4.45 shows output from binary logistic regression between 

stormwater utilization and selected dependent variables 

Table 4. 44: Predictors of stormwater utilization 

Independent variable B S.E. Wald Df Sig. Exp(B) 

Access to stormwater 3.557 .471 57.018 1 .000 35.041 

Perception that stormwater is 

unclean 
-

3.157 
.642 24.155 1 .000 .043 

Outdoor uses 1.293 .556 5.415 1 .020 3.645 

Awareness that stormwater is a 

source of water 
1.376 .477 8.326 1 .004 .253 

Constant -.947 1.057 .802 1 .371 .388 

Dependent variable: Stormwater utilization 

The coefficient of determination from the logistic regression was 0.734, which is 

fairly high. This implies that the predictor variables in the model account for 73.4% of 

likelihood of stormwater utilization. This is shown in Table 4.46. 

Table 4. 45:  Binary Logistic Regression Model Summary 

 

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square 

1 98.007
a
 .373 .734 

From coefficients detailed in Table 4.38, the following equation was derived. 

Probability of Stormwater use = exponent(W)/1+exponent(W), 

where W = 35.041*(AccessSW) + 3.645*(OutdoorUses) + 0.253*(Awareness) - 

0.043*(SWUnclean)----------------------------------------------------------------Equation 1. 

 

4.5 Stormwater Management 

When asked their opinion on whether it is important to manage stormwater, majority 

of respondents agreed that it is important. While 8.2% of the respondents strongly 
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agreed and 84.9% agreed, only 4% disagreed. Another 2.7% were not sure, while 

0.3% strongly disagreed, as shown in the Figure 4.26. 

 

Fig 4. 26: Respondents’ perception on whether it is important to manage 

stormwater 

Although majority of respondents agree that stormwater management is important, it 

was established that only 16.6% of the respondents managed stormwater in their 

farms, as shown in Figure 4.27. 
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Fig 4. 27: Level of stormwater management 

4.5.1 Stormwater Management Strategies 

When probed about the strategies they use to manage stormwater, the response was as 

follows; maintaining vegetation in the farms (15.1%), ploughing across contours 

(11.1%), low impact development (5.7%), harvesting stormwater for farming, 

particularly vegetables and arrow roots (5.2%) and practicing agroforestry (5.2%). 

Various households applied multiple strategies in their farms. Figure 4.28 shows the 

various SWM strategies employed by residents in KSC.  

 

Fig 4. 28: Stormwater management strategies 

4.5.2 Challenges of Stormwater Management 

The majority of households (83.4%), however, do not manage stormwater in their 

farms because of various reasons including; lack of land to engage in stormwater 

harvesting (41.8%), lack of skills in stormwater management (24.0%), stormwater is 
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not an issue in their farm (23.8%), lack of finances to engage in stormwater 

management (19.6%), lack of awareness (8.7%) and that stormwater is destructive 

and should be evacuated fast (3.2%) as presented in Figure 4.29. 

 

Fig 4. 29: Reasons for non-engagement in stormwater management 

Binary logistic regression was used to identify factors that influence stormwater 

management. The significant variables include knowledge on stormwater 

management, size of land in acres and monthly income of household head. Table 0.47 

shows the output from binary logistic regression between stormwater management 

and selected dependent variables 

Table 4. 46:Predictors of stormwater management 

Independent variable B S.E Wald Sig. Exp(B) 

Knowledge on stormwater 

management  
3.703 .571 42.073 .000 40.582 

Size of land .100 .028 12.926 .000 1.105 

Income of household head .000 .000 7.566 .006 1.000 

Constant -4.175 .576 52.608 .000 .015 

Dependent variable: Stormwater Management 
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a) Lack of awareness on stormwater management  

Knowledge on stormwater management influences stormwater management by a 

factor of 40.582 as can be seen in Table 4.39. Majority of the respondents (54%) were 

not educated on stormwater management as shown in Figure 4.30. 

 

Fig 4. 30: Level of education on stormwater management 

When probed further about the specific information received, 34% had been educated 

on both strategies and benefits of stormwater management, 8% had knowledge on 

benefits of stormwater management only, while 4% had been educated on only 

strategies of stormwater management. This is shown in Figure 4.31. 
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Fig 4. 31: Specific information received by residents on SWM 

When asked where they acquired the education on stormwater management from, the 

largest percentage, (34.4%) got the education from school, 22.3% from the media, 

3.2% from the county government and 5.2% from agricultural extension officers as 

shown in Figure 4.32. 

 

Fig 4. 32: Source of information on stormwater management 

b) Lack of financial and technical capacity 

Financial capability influences the amount of land one can acquire. For households, 

an increase in a unit of land increases the probability of stormwater management by a 

factor of 1.105. The key respondent noted that the unavailability of public land is a 

major constraint to development of stormwater harvesting infrastructure, particularly 

dams and pans. 

On the part of infrastructural development, funding for stormwater management has 

been limited. Of all the monies allocated to the Department of Water since 2014/2015, 
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no amount has been budgeted for stormwater development. There was negligible 

funding for stormwater management infrastructure for the period 2015/2020 as shown 

in Table 4.48. 

Table 4. 47: Budgetary allocation for stormwater management in Uasin Gishu 

County 

Financial Year All water development 

projects 

Stormwater Harvesting 

Projects 

2015/2016 Not available  

2016/2017 328,500,000 Not Specified 

2017/2018 485,144,523 Not Specified 

2018/2019 470,144,523 Not specified 

2019/2020 380.600,000 Not specified 

(Source: Key Informant, UGC, 2022) 

The county government is also strained technically in terms of personnel and 

equipment. Personnel in charge of stormwater management are insufficient in all 

cadres, as can be seen in Table 4.49. 

Table 4. 48: Cadres of personnel involved in stormwater management 

Cadre Number Are they sufficient? 

Engineer 3 No 

Technician 7 No 

Craftsman 2 No 

Plant operators 10 No 

(Source: Key Informant, UGC, 2022) 

In addition, equipment including excavators, bull dozers, tippers and compactors are 

all inadequate. The available equipment is shown in Table 4.50. 
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Table 4. 49: Number of county stormwater management equipment 

Type of Equipment Number Are they sufficient 

Long arm excavators 4 No 

Crawler excavators 4 No 

Bulldozers 2 No 

Tippers 6 No 

Flat roller compactors 2 No 

Sheep foot compactors 1 No 

(Source: Key Informant, UGC, 2022) 

 

c) Lack of Supportive Institutional Framework 

There is very little institutional engagement in stormwater management in the area of 

study. The majority of respondents (96.5%) had not benefitted from involvement of 

the Uasin Gishu county government in stormwater management.  

The county government‘s involvement in stormwater management was evaluated 

through various parameters including educating citizens on stormwater management 

(3.2%), construction of dams (1.2%) and distribution of tree seedlings (0.7%). Some 

respondents gave multiple responses. Figure 4.33 shows the proportion of households 

that have benefitted from Uasin Gishu County‘s involvement in stormwater 

management.  
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Fig 4. 33: County government’s engagement in stormwater management 
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CHAPTER FIVE 

 DISCUSSION 

5.1 Introduction 

This chapter involves discussion of findings presented in chapter four and comparison 

with findings from similar studies.  

5.2 Domestic water consumption 

Household water consumption in the area of study was computed as an aggregate of 

the individual, specified water uses. Crouch et al. (2021) noted that determination of 

household domestic demand using specific water use activities is a more realistic 

approach. There was notable variation in the water demand for individual water uses. 

Generally, the amount of water used in a household for indoor domestic activities 

including cleaning utensils, house cleaning, cooking and drinking, laundry and 

personal hygiene was lower in the dry season (149 liters) compared to 168.8 liters in 

the rainy season. On the other hand, outdoor uses accounting for non-human 

consumption exerted a higher demand for water in the dry season (91.8 liters) 

compared to the rainy season (70.7 liters). This can be attributed to the fact that water 

shortages experienced in the dry season force people to walk for longer distances to 

the main water source. Consequently, households that experience seasonal water 

shortages adopt various strategies to conserve water. The most common strategy was 

reusing water for non-potable uses like cleaning house floors and toilets. In dry 

seasons, 41.4% of the households reused water while 28.7% of the households 

minimized the amount of water used for various activities. Another 24.8% of the 

households took their animals, particularly cattle, to the water point. This strategy is 

attributed to the high intake of water by cattle in the dry season averaging 64.1 liters, 
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compared to an average of 52.1 liters in the rainy season resulting from increased 

thirst directly caused by very high temperatures in the dry season.  The water point 

could be a distant shallow well, river, dam or spring, once the shallow well around the 

home is dry. About 29% of the households opted to clean laundry occasionally instead 

of daily, while 29.7% took their laundry to the water point for cleaning. Lastly, 37.9% 

of the households avoided cleaning the house daily but opted to clean them 

occasionally so as to reduce water use. The various water conservation strategies are a 

welcome move towards managing water demand, and concur with the Dublin 

principle that states that water is a finite resource that must be conserved. However, 

the amount of water used for outdoor uses (watering animals and lawn irrigation) 

increased significantly in the dry season compared to the rainy season. This is because 

of the high temperatures in the dry season hence increased rate of evaporation, 

transpiration and perspiration. Jointly, lawn irrigation and watering cattle accounts for 

32.2% of all household water consumption in the dry season compared to 23.5% in 

the rainy season. Thus, the demand for household water is much higher in the dry 

season, but the actual domestic amount consumed is significantly reduced because of 

water conservation, influenced directly by water shortage. This finding is in 

agreement with previous studies undertaken by Rathnayaka et al. (2014), Reynaud et 

al. (2018), and Lu et al. (2018), who observed that water demand is higher in hot 

environments. 

Households in rural settlements of Kapseret Sub- County had access to multiple 

sources of water including shallow wells, harvested rain water, river, stream, 

borehole, metered piped water, unmetered piped water, dams and springs. Shallow 

well is the most common source of water for domestic use. These are the typical 

sources of water in many rural areas in Kenya including in Meru (Wagner et al., 



161 

 

2019) and Makueni (Kimani et al., 2015). They noted that the main sources of water 

in those areas included shallow wells, boreholes, taps, taps, rivers, springs, swamps. 

However, in Meru, due to shortage of water in dry seasons, residents bought water 

from vendors, a scenario that was not observed in KSC. In KSC, most of the 

households had a private shallow well as majority of the residents (92.8%) owned the 

land. Majority of the households (74.5%) used water from shallow well in the rainy 

season while in the dry season, the percentage is higher (82.7%). This is because in 

the rainy season, households collected rainwater, accounting for 16.3% of the 

households. Households with tanks generally used more water, as water was available 

within the homestead. It was concluded that there is a huge potential for rainwater 

harvesting. However, this potential has been constrained by financial capacity to 

install rainwater harvesting infrastructure, particularly tanks. In fact, 71.3% of 

households did not own water tanks. Only 0.5% used rainwater as their main source 

of water in the dry season. Such households have invested in water storage tanks with 

reasonably large storage capacity. It was observed that some households had invested 

in more than one storage tanks so as to secure their households from water shortage in 

the dry season. However, the generally low income averages among households in 

KSC limit chances of meaningful investment in water storage facilities. The average 

income in the area of study was sh. 21,470.30, with a majority of households (72.8%) 

earning not more than sh. 20,000. Thus, the lack of a reliable water supply system by 

both UGC government and ELDOWAS, the Water Service Provider is largely to 

blame for the perennial water shortages experienced by rural households of KSC in 

the dry season. Households, though appreciating the benefits of rain water harvesting, 

are constrained financially by the cost of water tanks. This limits the tank capacity 

they can purchase. This resonates with the findings of WWAP (2019) and 
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WHO/UNICEF (2021), who observed that the lack of access to clean water in rural 

Africa is a developmental challenge, largely attributed to insufficient budgetary 

allocations for development of requisite water infrastructure. 

Like most typical Kenyan rural settlement, majority of the households (63.6%) 

fetched water manually using a rope and container while 27.5% pumped water to a 

tank using electricity. In addition, only 28.7% of the households had invested in a 

tank, while the majority, (71.3%) carry and store water in 10 and 20 liter- jerricans. 

This menial work has negative impact on human health, particularly of women and 

girls who manually fetch and carry the water, who could not afford to pump water. 

The presence of a tank had a moderate and positive pearson correlation coefficient of 

0.487 with income. This implies that ownership of a tank is related with high income, 

because of the cost implication of buying and installing a tank. Thus, poor households 

are more prone to water shortages as their water storage equipment are of limited 

storage capacity. Households with better incomes, on the other hand, can afford a 

water tank and pump water using electricity, thus protect their members from the 

tedious process of fetching water manually from shallow wells every day. There was 

also a pearson correlation coefficient of 0.523 between ownership of a tank and 

housing type. More often than not, homes with permanent houses are compelled, and 

have the financial capacity to invest in a tank so as to secure water supply because of 

the larger water requirement of such houses. This agrees with the finding of Kimani et 

al. (2015) who observed that households with higher incomes were more likely to 

own larger tanks to secure themselves against water shortage. 

Water shortage was a common phenomenon in KSC, particularly in dry season. It was 

established that 44.8% of the household experienced water shortage in the dry season. 

This percentage is unacceptably high in a region with high annual rainfall of 
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>1000mm. In the dry season, people walked for long distances, up to 2 km, looking 

for water when the shallow wells around their homes dry up. This perennial water 

shortage exposes households to water insecurity, whereby they do not have water for 

their domestic needs in sufficient quantities and quality. These findings relate to those 

of Kimani et al. (2015) who observed that residents in Makueni searched for water for 

more than 3 kilometers, wasting hours every day. In Meru, Additionally, the finding 

agree with Wagner et al. (2019) who observed seasonal water shortages in the dry 

season when shallow wells and streams dry up. Clearly, this demonstrates the low 

level of development of water supply systems in rural areas.  This finding is also in 

line with that of Njora & Yılmaz (2020), who concluded that rural areas in Kenya are 

yet to attain water security, and blamed this on a ‗disconnect‘ in the approaches that 

seek to address water supply issues. In addition to insufficient quantity, the quality of 

domestic water in KSC is also wanting. In the rainy season, 36.6% of the households 

accessed water from unprotected sources, while in the dry season, the number was 

even higher (41.1%). The unprotected sources of water are at risk of contamination, 

especially in the rainy season when there is runoff. These include open shallow wells, 

streams, rivers, dams and unprotected springs. However, to improve drinking water 

quality, most households purified their water at home. Majority of the households 

(89.6%) boiled their drinking water, 20.3% used water treatment chemicals, 2.0% 

bought bottled water while 1.2% sourced for water from ELDOWAS for drinking. 

Only 3.0% of the households perceived no danger in drinking water directly from the 

source without prior treatment. This has a direct implication of energy use, on one 

hand, and potential to intake improperly treated water and related health effects on the 

other hand, as the water quality is not tested after ‗treatment‘ at home. These findings 

relate with the findings of WHO/UNICEF (2021) who noted that 46% of people in 
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Sub-Saharan Africa lack access to safe drinking water. They also agreed with those of 

Hope et al. (2020), Assefa et al. (2019) and WWAP (2019), who noted that millions 

of households in developing countries continue to access water from unprotected 

sources. With regard to Kenya‘s Vision 2030 and global SDGs, efforts towards 

ensuring access to adequate and safe water for all must be increased significantly, as 

observed by UN (2021) who noted that many countries are not on track towards 

providing sufficient water for their populations, and that such interventions need to be 

escalated. 

5.2.1 Estimating Per Capita Domestic Water Consumption 

Per capita domestic water consumption was computed for each household given the 

household domestic water consumption and household size. This is the daily average 

amount of water consumed per person for domestic uses including cooking and 

drinking, cleaning utensils, bathing, cleaning house, laundry and flushing toilets. Non-

human water uses include lawn irrigation and potted plants, and watering animals 

including poultry, sheep and goats, pigs, cattle and donkeys. The per capita domestic 

water consumption was slightly lower in the dry season (41 liters) compared to the 

rainy season (48 liters). It is worth noting that this amount is lower than the 

recommended standard for basis personal use set at 50 liters (WHO, 2017). The per 

capita domestic water consumption was particularly lower in the dry season when 

households experience water shortages. As a result, the level of sanitation is 

compromised because households struggle to allocate the little water available for 

various activities. This per capita domestic water consumption in KSC is similar to 

that in the rural areas of Wei River Basin, China, (46.5 liters) where households 

accessed water from public taps. Fan et al. (2013) noted that the per capita domestic 
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water demand was lower in areas without private sources, while households with 

continuous water supply used an average of 71.3 liters per person. Further, per capita 

domestic water consumption in KSC was generally lower than that of Cambodia 

which was 72 liters (Basani et al., 2008), and significantly lower compared to 113 

liters in Berlin, Europe (Martin et al., 2018), which is a city.  

5.2.2 Factors influencing Domestic Water Consumption 

Linear regression analysis revealed a number of factors that influence domestic water 

consumption in both dry and rainy seasons at 95% significance level including: main 

housing type, household size, income of household head, distance to main water 

source, education level of household head and capacity of water tank. 

Main housing type influenced domestic water consumption in both dry and rainy 

seasons. The weight of its influence was 0.360 in the rainy season, compared to 0.186 

in the dry season. The relationship between the dependent and independent variables 

was positive, implying that households with permanent houses use more water than 

those in semi-permanent houses. Temporary houses utilized the least water. This is 

because permanent houses generally occupy more space, as they are large. As a result, 

a lot of water is used, particularly for cleaning the larger surface area of floors.  

Temporary houses in KSC included houses made of earthen floors and accounted for 

37.9%. The cleaning of such floors involve sweeping and occasional smearing. As a 

result, daily water demand for cleaning such houses is minimal, compared to plastered 

or tiled floors whose cleaning involves wiping daily with water. Additionally, 

permanent houses usually have more rooms including bathrooms, toilets and kitchen. 

This implies that more water will be required to clean the additional rooms. In homes 

having bathrooms fitted with shower heads, more water is usually spend in showering 
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compared to bathing from a bucket. In addition, houses with running water in a 

kitchen, more water is used in a sink compared to washing utensils from a container 

such as a bucket.  This concurs with the finding of Ojeda et al. (2016) who noted that 

number of bathrooms in a house increases household water consumption. Similarly, 

Hoyos & Artabe (2017) observed that bigger houses generally consume more water in 

cleaning and gardening. The weight was greater in the rainy season. This can be 

attributed to the need for more cleaning in the rainy season due to mud and reduced 

cleaning in the dry season due to water conservation resulting from water shortage.  

Secondly, household size influenced domestic water consumption in both dry and 

rainy seasons positively. Although there are shared water uses like cooking, cleaning 

utensils, cleaning house and laundry, an additional member increases the demand for 

water for their individual needs like drinking water, bathing and toilet flushing. In 

addition, a large family will most likely live in a larger house with more rooms. This 

will then demand more water for cleaning the house. Generally, a large family 

consumed more water compared to a smaller family. This is in line with the findings 

of Aho et al. (2016), Ojeda et al. (2016), Rathnayaka et al. (2014) and Fan et al. 

(2013) who agreed that household size influences household water consumption 

positively. However, the weight is very small with a coefficient of 0.162 in the dry 

season and 0.267 in the rainy season. This means that household size influenced 

household domestic water consumption only to a small extent.  

Another factor that influenced household domestic water consumption was income of 

the household head. Higher income was associated with increases water usage in both 

dry and rainy seasons. This is because wealthier homes can afford bigger houses with 

more rooms and more water using appliances like showers and sinks. In addition, 

activities such as cooking are more frequent in wealthy homes. In addition, people 
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with high incomes are likely to invest in water supply, for instance sinking a deeper 

shallow well or investing in a water tan. As a result, their water sources are reliable 

irrespective of the season, having sufficient water for their domestic needs. Thus, such 

homes are not forced to engage in reactive conservation strategies because of water 

shortages. Hoyos & Artabe (2017), Ahmad et al. (2016), Navascues & Morales (2018) 

and Reynaud et al. (2018) noted that high incomes support a high standard of living, 

hence a higher water demand. The influence of income on domestic water 

consumption was fairly high with a coefficient of 0.787 in the dry season and 0.404 in 

the rainy season. In both seasons, income levels related proportionally with household 

domestic water consumption. This implies that in KSC, income was a very important 

predictor of domestic water consumption. 

Distance to main water source influenced domestic water consumption in the dry 

season only. There was a negative relationship between distance to main water source 

and household domestic water consumption, with a coefficient of -0.300 in the dry 

season, while the factor was not significant in the rainy season. The relationship is 

negative, meaning that longer distances to main water source forced people to reduce 

significantly the amount of water used for domestic uses. Households with easy 

access to water used more water than those who are constrained by distance. This 

resonates with the finding of Singh and Turkiya (2013) that people in close proximity 

to a water source tend to use more water because they have easy access to the water.  

In addition, education level of head of household also influenced domestic water 

consumption in the rainy season only with a coefficient of 0.267. The variable was not 

significant in the dry season. This means that in the rainy season, households with 

highly educated household heads consumed more water that households of their less 

educated counterparts. Generally, education level is correlated with high incomes 
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hence a better standard of living. Such households also have the capacity to engage in 

activities which have a high water requirement like living in a self-contained and big 

house. This agrees with the finding of Hoyos & Artabe (2017) who noted that the 

level of education had a positive influence on household domestic water demand. 

Finally, capacity of water tank influenced the amount of water a household consumed 

in the rainy season, with a coefficient of 0.360. This was applicable only in the rainy 

season when rainwater was harvested. Water tanks provide water at minimal distance 

hence negligible human effort is used in fetching and carrying the water. In addition, a 

big tank provides assurance of reliable water supply. Thus, households with big water 

tanks generally used more water than those households with no tanks or with tanks of 

limited storage capacity. 

5.3 Assessment of the Potential of Stormwater  

Firstly, the stormwater yield in 2019 in Kapseret Sub-County was estimated as 103.60 

billion liters. This amount is quite high because of sufficient rainfall coupled with the 

relatively high weighed CN in Kapseret basin (78.94) that was influenced mainly by 

soil type, slope and LULC. There was evidence of a generally gentle slope across 

KSC which highly supports runoff generation. It was also observed that human 

activities such as massive deforestation, farming, construction and various forms of 

development on land, have acted to reduce the water infiltration capacity of soil. The 

land use that occupied the largest acreage (82.77km
2
) was cropland, which also had 

the largest CN of 85, implying very low water infiltration rates hence generation of 

lots of runoff.   In addition, grasslands with a CN of 79 occupied a significant portion 

of KCS (80.73 km
2
). Being a rural settlement, majority of the households engaged in 

crop cultivation and livestock keeping. These were represented by 77.7% and 50.3% 



169 

 

of the households respectively.  The lowest CN of 71 was apportioned to areas 

covered with trees, but which occupied only 48.15 km
2 
of the land in KSC. There has 

been significant reduction of forest cover from the initial EATEC forests that covered 

significant portions of KSC. It was established that only 15.8% of the households 

maintained woodlots. Overall, the water infiltration rates in KSC was minimal due to 

influence of individual land uses, which have compacted the land surface and reduced 

water infiltration hence increasing runoff generation. It was observed that most of the 

runoff was generated between the months of May and September when the rainfall 

amounts were highest.  

The population in KSC in 2019 was 198,499 persons (KNBS, 2019). The 

recommended minimum per capita water consumption by the UN is 1000m
3
 per year. 

Therefore, if harnessed, 103.60 billion liters is sufficient to supply water to the 

population in the study area sufficiently for domestic purposes for approximately 522 

days, that is more than one year. The potential for stormwater in the area of study is 

therefore extremely huge, but remains untapped. This agrees with the findings of 

Wijesiri et al. (2019) who observed that stormwater remains an underutilized resource 

which can be used to alleviate water scarcity. Pathak et al. (2020) and NASEM (2016) 

also noted that stormwater has a high potential to augment existing sources of water. 

Day & Sharma (2020) appreciated the role of stormwater in reducing pressure on 

freshwater sources and increasing resilience of communities to the impact of climate 

change. 

Secondly, suitable sites for stormwater harvesting were identified. The terrain in KSC 

is generally gently sloping. In addition, the two soil types, orthic ferrasols and humic 

nitosols both have moderate to high clay ratio, and have a high capability to support 

stormwater harvesting. Thirdly, the region receives reliable rainfall within the rainy 
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season, of >1000mm annually. These three factors, rainfall, slope and soil type, are 

crucial when considering suitability for stormwater harvesting. Based on the selected 

criterion and weights allocated to each criteria, multi-criteria analysis established that 

KSC is generally suitable for stormwater harvesting. Significant portion of the land, 

(74.6%) in KSC is categorized as moderate to highly suitable zones for stormwater 

harvesting. Thus, only 25.4% included areas restricted and those of low suitability. 

Based on contour analysis, four most suitable sites were identified for location of 

dams. These sites combined occupy an area of 757800 m
2
, with an estimated capacity 

of 3436500 m
3
. If used to harness stormwater, this would provide water for domestic 

use for households in KSC for more than 238 days in the dry season and hence protect 

them from perennial water shortages. 

5.4 Stormwater Utilization 

It was established that only 11.4% of the households in KCS utilized the stormwater, 

while the majority (88.6%) did not utilize stormwater at all. As a result, a lot of the 

runoff generated was not utilized, hence went down the drain.  

Many respondents (65.1%) attributed their inability to utilize stormwater to lack of 

access to stormwater, particularly in the dry season.  Majority of the households 

(72%) did not have access to stormwater. Only 28% had access to stormwater, mostly 

in the rainy season, when water supply was reliable with a variety of water sources. 

The stormwater was found in dams, streams, swamps, along footpaths and roads, and 

across farms. Only a paltry 2% had access to harvested stormwater in the dry season 

in dams.  In the dry season, the sources of water are limited as many shallow wells 

dry up and there is no access to rain water due to limited tank storage capacity. In 

addition, seasonal streams dry up. As a result, close to half of the population, (44.8%) 
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experience water shortage. Under these circumstances, it was established that 

households who accessed stormwater utilized it mostly for non-potable hence 

reducing demand on potable sources. Stormwater in KSC was mostly used for non-

potable uses (99%), while only 1% of the residents used stormwater for cooking and 

drinking in the study area.  The highest percentage was for watering animals in 

streams, swamps and dams (9.9%) and cleaning clothes (6.2%), while the smallest 

proportion was used for irrigation (1%), drinking and cooking (1%) and washing cars 

and motorbikes (0.5%). The highest percentage of users of stormwater utilized it at 

the water point, for instance watering animals and washing clothes at the dam. This 

helped them to avoid carrying many jerricans of water, considering the distance to 

water source was longer in the dry season. These households therefore utilized 

stormwater as an alternative water source for particular domestic water uses due to 

seasonal water shortage. This agrees with the views of Hager et al. (2021), Mankad et 

al. (2021), Leeuwen et al. (2019) and Luthy et al. (2020) that stormwater can be used 

to enhance water supply.  

Another reason why households did not utilize stormwater was because of quality 

concerns, as 26.7% perceived stormwater as unclean. These households, despite 

having access to stormwater did not utilize it completely as they viewed it as unsafe. 

Another 8.4% of the residents had a reliable water supply as they had access to other 

cleaner sources of water for domestic use. Thus, they did not need to utilize 

stormwater as stormwater was ‗unclean‘. This finding agrees with that of Lopez-Ruiz 

et al. (2020) who called this the ‗yuck factor‘ that discourages water reuse. 
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5.4.1 Determinants of Stormwater Utilization 

From the model, the following factors were identified to influence stormwater 

utilization: access to stormwater, perception that stormwater is unclean, awareness 

that stormwater is a source of water and domestic outdoor uses as seen in Table 4.38.  

Access to harvested stormwater was the principal factor in stormwater utilization as it 

was the variable with the strongest weight. Access to stormwater increased the 

probability that a household will utilize stormwater by a factor of 35.041. However, a 

majority of the residents (72%) did not have access to stormwater. Many of these 

households could only access stormwater in streams and on the roads during the rainy 

season, when there was no shortage of water. A very small percentage had access to 

harvested stormwater in the dry season as only 2.0 % of the respondents were in close 

proximity to a dam, at a time when water shortage was being experienced. This low 

level of access therefore limited to a large extent the level of stormwater utilization. 

Secondly, outdoor household uses of water influenced stormwater utilization. Outdoor 

household water uses include watering livestock, washing cars and bikes and lawn 

irrigation. These are water intensive domestic activities and influence significantly the 

household water consumption patterns. Because of their high water demand, 

households preferred to utilize stormwater particularly in the dry season when water 

shortage is experienced, because of the low quality requirement of these water use 

activities. As a result, the scarce, higher quality water was preserved for potable uses 

while stormwater was used to water animals and irrigate surfaces. Residents usually 

took animals to the water point because of the longer distances to water source in the 

dry season. From the binary logistic model, engagement in outdoor activities 

increases the probability of utilizing stormwater by a factor of 3.645. This implies that 
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engaging in outdoor activities increased the likelihood that a household will utilize 

stormwater by a factor of 3.645. Households who engaged in outdoor uses were more 

likely to utilize stormwater. 

In addition, awareness that stormwater is a source of water influenced the likelihood 

of stormwater utilization. An increase in the level of awareness that stormwater is a 

source of water lead to an increase in the probability of utilizing stormwater by factor 

of 0.253. Thus, households that are aware that stormwater is a source of water for 

domestic use were more likely to utilize the resource. Generally, individuals that lack 

awareness about stormwater being a source of water are likely to view it as 

wastewater which should be quickly channeled to streams and rivers.  The weight for 

the variable was relatively weak, evidenced by the fact that although a high 

percentage of residents (81.2%) were aware that stormwater is a source of water for 

domestic use, there was minimal stormwater utilization, at only 11.4%. Thus, 

although awareness of stormwater being a source of domestic water influenced 

stormwater utilization positively, not all individuals that had this awareness utilized 

stormwater. 

Finally, perception that stormwater is unclean reduced the likelihood of stormwater 

utilization. Surface water, including stormwater is generally of lower quality 

compared to underground sources. This is because runoff transports pollutants from 

various sources including agriculture, industries and domestic wastes. The area is an 

agricultural dominant zone, with stormwater having high levels of turbidity in the 

rainy season. Low water quality was cited by 26.7% of the respondents as the reason 

why they did not utilize stormwater. As a result, they preferred not to utilize 

stormwater, and those who did used it mostly for non-potable uses. This perception 

reduced the chance of utilization of stormwater by a factor of 0.043. This finding 
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agrees with that of Mankad et al. (2019) and Coombes et al. (2002) who noted that 

communities are not likely to utilize stormwater unless they are satisfied that it is 

treated appropriately. 

5.5 Challenges of Stormwater Management 

It was established that the level of stormwater management in KSC was very low. 

Although 93.1% of the respondents agreed that it is important to manage stormwater, 

only 16.6% of the households managed stormwater in their farms. This means that 

although they appreciate the need to manage stormwater, there exist some constraints 

to successful stormwater management. This finding on low level of stormwater 

management resonates with that of Kimani et al. (2015) & Shin & McCann (2017) on 

low uptake of adoption of water harvesting technologies in Makueni. However, the 

few households that managed stormwater in KSC employed various strategies 

towards stormwater management. The highest percentage of respondents maintained 

vegetation especially cover crops and trees in the farms to protect the soil (15.1%), 

while 5.7% of the residents adopted green infrastructure and LID around their homes, 

especially by planting grass in the compounds and reducing pavementation. In 

addition, 5.2% of the households harvested stormwater for farming usually by digging 

trenches in the farms and used the water to grow such crops as vegetables and arrow 

roots. Another 5.2% of the respondents practiced agroforestry. Households practiced 

different strategies based on their knowledge, skills and interests, either to benefit 

from stormwater utilization, or to mitigate the deleterious impacts of stormwater. 

The largest percentage of respondents who did not practice any form of stormwater 

management (41.8%) attributed that to lack of land for stormwater harvesting. They 

noted that dams or pans utilize substantial pieces of land. Another 24% of the 
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respondents noted that they did not have the requisite skills to manage stormwater, 

while 19.6% noted that they did not have the financial capacity to engage in 

stormwater harvesting. It is worth noting that no household interviewed had an 

individually owned dam or pan in their farms, although majority of respondents 

appreciated the need for stormwater harvesting for use in the dry season. This is 

directly attributed to the cost of excavation of such stormwater harvesting 

infrastructure. Other households accounting for 23.8%, did not see the need to 

manage stormwater since stormwater was not problematic to them. These are 

probably households that experience minimal runoff in their farms. A minority, 8.7% 

of the respondents did not manage stormwater because of ignorance. This includes 

households who had no knowledge about stormwater management options and 

benefits. In addition, 3.2% of the respondents were of the opinion that because 

stormwater can be destructive, it should be evacuated fast. These households then 

adopted the conventional strategy of stormwater management where stormwater 

drainage is enhanced to ensure fastest evacuation of stormwater. These households 

dug trenches in their farms for that purpose. 

From analysis of responses from households and key respondent, the following 

challenges were identified with regard to stormwater management in KSC: lack of 

education on stormwater management, unavailability of land, lack of financial and 

technical capacity and poor governance due to institutional setbacks. 

Lack of education on stormwater management was the greatest challenge to 

stormwater management. It was established that an increase in knowledge on SWM 

increased probability of stormwater management by a factor of 40.582 as seen in 

Table 4.39. Thus, households that have knowledge on importance and strategies of 

SWM are likely to practice them as opposed to individuals who are ignorant on the 
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same.  Although an overwhelming majority of respondents had a general awareness 

that it is important to manage stormwater, it was found that 54% of households lacked 

education on the benefits and strategies of stormwater management. In addition, this 

education seemed haphazard, with 34% having been educated on both strategies and 

benefits of stormwater management, 8% had knowledge on benefits of stormwater 

management only, while only 4% had been educated on strategies of stormwater 

management. Kimani et al. (2015), Salehi et al. (2021) and Martini & Nelson (2014) 

agreed on the role of education in stormwater management. They argued that 

individuals will only adopt SWM strategies that they are knowledgeable about. 

Secondly, it was established that unavailability of land was a constraint to SWM. 

Linear regression on household responses revealed that unavailability of land restricts 

stormwater management. From the model, an increase in land size increases chance 

for SWM by a factor of 1.061. Thus, households with large farms are more likely and 

able to practice SWM. In addition, 41.8% of the respondents attributed their inability 

to manage stormwater to unavailability of enough land. The key respondent also 

noted that unavailability of public land hinders the development of stormwater 

management infrastructure by the UGC. This is in line with the conclusion of Luthy et 

al. (2020) and Kimani et al. (2015) who observed that stormwater harvesting 

infrastructure usually require a lot of space, and yet land in the suitable areas may not 

be readily available.  

Thirdly, lack of financial and technical capacity was a constraint to SWM in KSC. 

Stormwater management requires significant financial investment. All the strategies 

of stormwater management including maintenance of vegetation, development of 

stormwater harvesting infrastructure such as dams, and maintenance of the reservoirs 

require funding. 19.6% of the residents related their inability to manage stormwater to 
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lack of financial capacity as presented in Table 4.60. The lack of monetary resources 

limits engagement in various stormwater management strategies. This finding is in 

line with that of Gullo et al. (2020) and Luthy et al. (2020) who noted that the high 

cost of SWM strategies usually impact negatively on the uptake of these strategies. 

On the part of Uasin Gishu County, there is a lack of financial commitment towards 

stormwater management. For the period 2015-2020, allocation for stormwater 

management projects was unspecified as shown in Table 4.64.  Another 24% of the 

respondents noted that they lacked technical knowhow to engage in stormwater 

management. It was found that the technical capacity for development and 

maintenance of stormwater management infrastructure in UGC is wanting, with 

insufficient personnel and equipment. This greatly reduced SWM in the area as 

households lack the much needed technical support. This finding resonates with those 

of Bassi et al. (2017), who observed that the absence of locally available specialized 

expertise is a major constraint to SWM. Ahmed & Yakimowich (2007) and Shin & 

McCann (2017) noted that lack of requisite equipment reduces uptake of specific 

SWM strategies. 

Finally, the lack of a supportive institutional framework is a challenge to SWM in 

KSC. Although the Water Act 2016 envisioned robust management of water resources 

including stormwater, it was discovered that there has been insufficient institutional 

intervention to develop stormwater management infrastructure. The enforcement of 

existing legislation with regard to stormwater management as stipulated in the Water 

Act (2016) has another impediment to sustainable stormwater management. The 

Water Storage and Harvesting Authority is yet to be felt in KSC. In addition, the 

devolution of water resource management to the County level is yet to be actioned by 

the UGC with regard to SWM. In fact, only 3.5% of the residents had experienced 
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UGC‘s involvement in stormwater management. This is in the following ways; 

educating citizens on importance and strategies of stormwater management (3.2%) 

construction of dams (1.2%) and distribution of tree seedlings (0.7%).  

Generally, there is lack of a proper strategy towards stormwater management in the 

Uasin Gishu County. The prerogative to develop stormwater harvesting infrastructure 

lies largely with the Member of County Assemblies. Currently, there is lack of a 

clearly outlined water harvesting policy. In fact, there is no operational water policy 

that guides on the management of water (and stormwater) resources in Uasin Gishu 

County. The UGC water policy, 2016 is yet to be gazetted.   

In addition, the role of the County Government in coordinating stormwater 

management activities, providing financial and technical support and educating the 

populace cannot be overemphasized. The Constitution of Kenya, 2010, envisaged that 

the National Water Harvesting and Storage Authority would take a leading role in 

enforcing water harvesting strategies. Their impact in UGC is yet to be felt because 

there lacks proper coordination between the institutions established under the Water 

Act, 2016 and the UGC government. WWAP (2019) and Bassi et al. (2017) 

emphasized the role of institutional intervention for financial and technical support. 

The county did not have a budgetary allocation purposely for stormwater management 

up until 2019. Secondly, the technical personnel and equipment for stormwater 

management were insufficient. Finally, amongst respondents who had received 

education on stormwater management, only 3.2% had received the education on 

stormwater management benefits and strategies from the County government. This 

implies that there is still a large opportunity for local authorities to disseminate 

knowledge to communities on stormwater management strategies and benefits. 
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CHAPTER SIX 

 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

6.1 Introduction 

This chapter presents summary of the findings, conclusions and recommendations 

from the study. In addition, areas for further research are suggested. The presentations 

are made following the order of study objectives. 

6.2 Summary of Findings 

The following is the summary of findings from the study. 

6.2.1 Domestic Water Consumption 

The level of water consumption for each domestic water activity was determined for 

both dry and rainy season. It was established that household domestic water 

consumption in KSC in the dry season was found to be 149 liters and 168 liters in the 

dry and rainy seasons respectively. In addition, per capita domestic water 

consumption in the dry and rainy seasons was 41 liters and 48 liters respectively, 

which falls below the recommended WHO standard of 50 liters per person per day. 

Water consumption for routine activities including drinking, cooking, bathing, toilet 

flashing, cleaning house and cleaning utensils was higher in the rainy season than in 

the dry season. This is because in the dry season when some households experience 

water shortage, they conserved water, thus a lower water consumption value for these 

activities compared to the rainy season when there was plenty of water. Water 

conservation reduced domestic water consumption.  
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The factors that influenced household domestic water consumption include household 

income, household size, distance to water source, main housing type, education level 

of household head and capacity of water tank. Increase in household income, level of 

education, water storage capacity and household size led to an increase in household 

domestic water consumption. The distance to the water source had a negative 

influence on the amount of water used in a household. Households with permanent 

housing consumed more water than those with temporary and semi- permanent 

houses.  

6.2.2 Potential of Stormwater  

Stormwater yield in KSC was influenced by rainfall amount, catchment area, LULC, 

soil type and slope. Stormwater yield in KSC in 2019 was estimated to be 353.38mm, 

which is equivalent to 103.60 billion liters. This volume of water is able to sustain the 

Kapseret Sub-County population for 521 days at 1000m
3
 per capita per year. Thus, if 

harvested and stored appropriately, this amount is sufficient alleviate perennial water 

shortages experienced in the dry seasons.  

Suitable zones and sites for stormwater harvesting were identified. The factors that 

were considered in siting stormwater infrastructure included slope, soil, proximity to 

streams, roads, airport and institutions and LULC. It was established that significant 

portions of KSC (74.66%) is categorized as moderate to highly suitable for 

stormwater harvesting. Thus stormwater harvesting infrastructure can be developed at 

various locations to harvest the high volumes of runoff generated each year during the 

rainy seasons within the Kapseret basin. Specifically, four suitable sites for 

stormwater harvesting, with a total holding capacity of 3.43 billion liters were 

mapped. 
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6.2.3 Factors Influencing Stormwater Utilization 

Stormwater utilization in the area of study was found to be low. Only 11.4% of the 

residents utilized stormwater, mostly for non-potable uses. Only 1% utilized 

stormwater for drinking and cooking. The biggest proportion used stormwater to 

water animals at the source. The factors that influenced stormwater utilization include 

access to stormwater, perception that stormwater is unclean, awareness that 

stormwater is a source of water, and domestic outdoor uses. The principal predictor to 

stormwater utilization was identified to be access to stormwater. 

6.2.4 Challenges of Stormwater Management 

Stormwater management is practiced minimally. Only 16.6% of households practice 

stormwater management in their farms. The major challenges to stormwater 

management were identified as: lack of education on stormwater management, 

unavailability of land, lack of financial and technical capacity and lack of supportive 

institutional framework. 

6.3 Conclusions 

Based on the findings from the study, the following conclusions were made: 

First, water security is far from being achieved in the area of study. Towards 

achieving water security as envisaged in SDG 6 and Vision 2030, KSC is not on 

track. In the dry season, up to 44.8% of households experienced seasonal water 

shortages despite the region having moderate to heavy rainfall. This is evidenced by a 

higher average distance to the main source in the dry season. Coupled with the 

manual methods of fetching and carrying water, people are faced with negative effects 

on their health. In addition, many households do not access water from protected 
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sources in both dry and rainy seasons, which expose them to health risks. It was 

concluded that water supply in KSC has not been given due attention by the relevant 

institutions, including Water Service Provider in conjunction with the UGC 

government, as envisaged in the Water Act, 2016, to ensure that all citizens have 

access to safe and adequate drinking water. As a result of rampant water shortages in 

the dry seasons, households adopted various water conservation strategies including 

rainwater harvesting, water reuse, enhancing water efficiency and utilizing water at 

the water point. Water conservation played a significant role in reducing water 

consumption. It was concluded that water conservation is an important strategy in 

managing water demand.  

Secondly, huge volumes of runoff, (over 103.02 billion liters in 2019) are generated 

during the rainy seasons. This amount, if harnessed, is sufficient to meet domestic 

water needs in KSC during the dry season. Although the region is generally suitable 

for stormwater harvesting, SWH infrastructure is barely developed. It is therefore 

concluded that there is a high untapped potential for stormwater to augment existing 

sources and alleviate water shortage in the dry season.  

In addition, stormwater utilization was low in KSC. The level of stormwater 

utilization was influenced by a multiple of factors including: access to stormwater, 

perception that stormwater is unclean, awareness that stormwater is a source of water 

and domestic outdoor uses. The principal predictor of stormwater utilization was 

access to harvested stormwater. It was therefore concluded that increasing access to 

harvested stormwater in dams and pans can significantly increase stormwater 

utilization. 



183 

 

Finally, the level of stormwater management in KSC was generally low, at 16.6%. 

The main challenges to stormwater management were identified as: lack of land for 

stormwater management, lack of financial and technical capacity and lack of 

education among individuals concerning the various stormwater management 

strategies and benefits. It is concluded that community education on SWM strategies 

and benefits will go a long way in encouraging uptake of various SWM strategies. 

6.4 Recommendations 

From the conclusions of the study, the following recommendations were made. 

6.4.1 Policy Recommendations 

With regard to water resource management, the County Water Policy needs to be 

finalized and its publication hastened. Within the water policy, there is need to 

develop clear stormwater management guidelines for implementation in the county. 

This policy will then guide the provision of the requisite financial and technical 

resources for sustainable SWM, and ensure that communities are adequately educated 

on SWM benefits and best practices. 

Secondly, although the Constitution of Kenya guarantees all Kenyans access to safe 

water in sufficient quantity as a socio-economic right, households in many rural areas 

and informal areas in towns still grapple with water insecurity. The equalization fund 

must be operationalized fully so as to provide sufficient funding for water distribution 

amongst rural and marginalized communities. 

6.4.2 Theory Oriented Recommendations 

Firstly, cognizant of the fact that water demand is constantly increasing, there is need 

to expand water supply by including all the untapped water sources so as to augment 
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the existing sources.  Stormwater harvesting provides an opportunity to alleviate 

seasonal water shortages given the huge volumes of runoff generated during rainfall 

events in the rainy season. Integrated water resource management must be actualized 

as envisaged in the IWRM approach, which the Government of Kenya adopted. 

Secondly, institutions in the water management sector must work seamlessly towards 

provision of this critical resource. The Uasin Gishu government in conjuction with the 

National Water Harvesting and Storage Authority needs to plan, budget for, develop 

and maintain SWM infrastructure based on appropriate technologies. This should 

include collection, storage, treatment of stormwater and eventual distribution of water 

to households.  

6.4.3 Recommendations Based on Planning Practice 

Firstly, water resource planners must proactively develop infrastructure for a rapidly 

increasing population. ELDOWAS and other stakeholders must prioritize expansion 

of their existing water distribution networks to rural and peri- urban areas. 

Secondly, whilst many households within KSC experienced water shortages in the dry 

season, there is a huge untapped potential of SWM in the area of study to augment the 

existing water sources. The County Government, in conjunction with the Water 

Service Provider needs to mobilize resources so as harness stormwater, hence develop 

a more reliable water supply system that will cushion communities from the social, 

economic and health effects associated with water scarcity, hence uphold human 

dignity. This should entail distribution of treated water to homesteads. 

Finally, since stormwater utilization in the area is generally low, there is need to 

educate the population on stormwater utilization. Households should be encouraged to 
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utilize stormwater for the non-potable uses so as to reduce pressure on the potable 

sources. In addition, education campaigns need to be carried out to sensitize the 

public on the social, economic and environmental benefits of stormwater utilization. 

6.4 Suggestions for Further Research 

The following areas could be considered for further research.  

i. To assess the interconnection between climate change and stormwater in 

UGC. 

ii. To assess the role of stormwater management in aquifer recharge in KSC. 

iii. To assess the quality of stormwater in KSC with a view to recommend the 

appropriate end uses 
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APPENDICES 

Appendix I: Questionnaire for Households 

 

UNIVERSITY OF ELDORET 

SCHOOL OF ENVIRONMENTAL STUDIES 

DEPARTMENT OF ENVIRONMENTAL MONITORING, PLANNING AND 

MANAGEMENT 

SECTION A: INTRODUCTION 

I am a Postgraduate student at University of Eldoret undertaking a research entitled 

―The Potential for Stormwater in Augmenting Domestic Water Supplies in Kapseret 

Sub County, Uasin Gishu County‖. I request you to be a participant in my research by 

completing this questionnaire. The information collected will be used for academic 

purposes only and will be handled with utmost confidentiality.  Thank you. 

SECTION B: BACKGROUND INFORMATION 

1. Which ward do you live in? 

S/No. Ward Tick 

1 Megun  

2 Ngeria  

3 Simat/Kapseret  

4 Kipkenyo  

 

2. What is the GPS location of your home? _______________________ 

3. What is your home ownership type ? 

S/No. Home Ownership Type Tick 

1 Rented  

2 Owned  

3 Other, specify___________  

 

4. What is your main housing type?  

S/No. Main Housing Type Tick 

1 Temporary  

2 Semi-permanent  

3 Permanent  

 



201 

 

5. What is the main construction material for floor? 

S/No. Main construction material for floor Tick 

1 Mud/earth  

2 Wood  

3 Concrete/plaster  

4 Tiles  

 

6.  What is the main construction material for wall?  

S/No. Main construction material for wall Tick 

1 Polythene  

2 Mud/earth  

3 Wood  

4 Iron sheet  

5 Bricks  

6 Blocks  

7 Building stones  

7. What is the main roofing material? 

S/No. Main roofing material Tick 

1 Polythene  

2 Grass  

3 Iron sheets  

4 Tiles  

8. What is the size of your land in acres?_____________________ 

9. How do you utilize your land in acres? 

SNo Land Use Type Acreage 

1 Farming /Cultivation  

2 Grazing/Grassland  

3 Settlements/covered by buildings  

4 Access roads  

5 Woodlots/tree cover  

6 Others specify  

 

SECTION C:  HOUSEHOLD CHARACTERISTICS  

10. What is your household size?___________ 

11. Kindly provide the following details 

S/No Age Gender Education 

Level 

Occupation Monthly 

income 

Tick if she/he 

fetches water 

1. Household 

head 

      

2. Member 1       

3. Member 2       
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4. Member 3       

5. Upto last 

member  

      

 

SECTION D:  DOMESTIC SOURCES OF WATER  

12. List all the sources of water for domestic use in your locality 

S/No. Source of Water Tick 

1.  Shallow well  

2.  Harvested rainwater  

3.  River  

4.  Stream  

5.  Dam  

6.  Borehole  

7.  Metered water  

8.  Unmetered_water  

9.  Spring  

10.  Water kiosk/Vendors  

 

What is your main source of water in the dry season? 

  

S/No. Source of Water Tick 

1.  Shallow well  

2.  Harvested rainwater  

3.  River  

4.  Stream  

5.  Dam  

6.  Borehole  

7.  Metered water  

8.  Unmetered_water  

9.  Spring  

10.  Water kiosk/Vendors  

 

11. What is your main source of water in the rainy season? 

S/No. Source of Water Tick 

1 Shallow well  

2 Harvested rainwater  

3 River  

4 Stream  

5 Dam  

6 Borehole  

7 Metered water  
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8 Unmetered_water  

9 Spring  

10 Water kiosk/Vendors  

 

12. Is your main water source is protected? 

S/No. Response Tick 

1 Yes  

2 No  

 

13. List your other sources of water in the rainy season 

S/No. Source of Water Tick 

1 Shallow well  

2 Harvested rainwater  

3 River  

4 Stream  

5 Dam  

6 Borehole  

7 Metered water  

8 Unmetered_water  

9 Spring  

10 Water kiosk/Vendors  

 

14. List your other sources of water in the dry season. 

S/No. Source of Water Tick 

1 Shallow well  

2 Harvested rainwater  

3 River  

4 Stream  

5 Dam  

6 Borehole  

7 Metered piped water  

8 Unmetered piped water  

9 Spring  

    10 Water kiosk/Vendors  
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15. How do you purify your drinking water? 

S/No. Response Tick 

1. 1 We don‘t treat as it is already safe  

2. 2 Boiling  

3. 3 Using chemicals like chlorine  

4. 4 It is treated before distribution   

5. 5 We buy bottled water  

16. How is water fetched in your home?  

S/No. Response Tick 

1. 1 Manually using rope and gallon  

2. 2 Using a pulley  

3. 3 Hand pump  

4. 4 Electric pump  

5. 5 Rainwater is channeled into a tank  

6. 6 It is piped  

7. 7 Other-specify_________________  

 

17. Gender of the person who usually fetches water in your home 

S/No. Response Tick 

1. 1 Male  

2. 2 Female  

18. How is water stored in your home? 

S/No. Response Tick 

1. 1 In 20, 10 and 5 liter containers  

2. 2 In a tank  

 

19. If stored in 5,10 or 20 liter containers, how many of these do you use in day?_______ 

20. If water is stored in a tank in 18 above, what is the capacity of your tank in 

liters?________________ 

21. How many days does water in the tank last when full?______________ 

22. How much do you pay to fetch/pump water in shillings per month?______________ 

23. The tank is- 

S/No. Response Tick 

1. 1 Underground  

2. 2 On the ground  

3. 3 Elevated  

 

24. What material is the tank made of? 

S/No. Response Tick 

1. 1 Plastic  

2. 2 Concrete  

3. 3 Other-Specify______________  

 

25. If you buy water, how much do you pay in Ksh. per month?______________ 
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26. Do you experience water scarcity in the dry season? 

S/No. Response Tick 

1. 1 Yes  

2. 2 No  

 

27. How do you conserve water when you experience water scarcity? 

S/No. Response Tick 

1. 1 No conservation  

2. 2 Reusing water  

3. 3 Cleaning house occasionally  

4. 4 Cleaning clothes occasionally  

5. 5 Using little amounts of water and avoid wastage  

6. 6 Watering animals at the water point  

7. 7 Washing clothes at water point   

8. 8 Others- specify___________________  

28. What is the distance to your main water source in the rainy season? ______________ 

29. What is the distance to your main water source in the dry season? ________________ 

SECTION E: DOMESTIC WATER USES 

30. Indicate the quantity of water used in the rainy season in liters for various home uses 

S/No. Response Quantity in 

liters 

1. 1 Cooking and drinking  

2. 2 Cleaning utensils  

3. 3 House cleaning  

4. 4 Bathing  

5. 5 Laundry-daily  

6. 6 Laundry-occasionally  

7. 7 Flushable toilets  

8. 8 Poultry  

9. 9 Sheep/goats  

10. 10 Cattle/donkeys  

11. 11 Washing cars/motorbikes  

12. 12 Potted plants/garden  

13. 13 Others- specify___________________  

31. Indicate the quantity of water used in the dry season in liters for the various activities 

at home. 

S/No. Response Quantity in 

liters 

14. 1 Cooking and drinking  

15. 2 Cleaning utensils  

16. 3 House cleaning  

17. 4 Bathing  

18. 5 Laundry-daily  

19. 6 Laundry-occasionally  
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20. 7 Flushable toilets  

21. 8 Poultry  

22. 9 Sheep/goats  

23. 10 Cattle/donkeys  

24. 11 Washing cars/motorbikes  

25. 12 Potted plants/garden  

26. 13 Others- specify___________________  

32. If you keep domestic animals, indicate the number. 

S/No. Response Number 

1. 1 Cows  

2. 2 Sheep  

3. 3 Goats  

4. 4 Donkeys  

5. 5 Poultry  

6. 6 Others, specify___________  

 

33. If your source of water is metered supply, how much water in m
3 

do you use per 

month in the dry season___________ 

34. If your source of water is metered supply, how much water in m
3 

do you use per 

month in the rainy season___________ 

35. How much do you pay per month for metered water supply? _____________ 

SECTION F: STORMWATER UTILIZATION  

36. Do you have access to stormwater? 

S/No. Response Tick 

1 Yes  

2 No  

37. If yes in 36 above, the stormwater is found in: 

S/No. Response Tick 

1 Dam  

2 Pan  

3 Stream  

38. Who constructed the dam/pan?  

S/No. Response Tick 

1. 1 Colonialists  

2. 2 National government  

3. 3 County government   

4. 4 Private/Public institution  

5. 5 Community  

6. 6 An individual  

39. Who uses the dam/pan? 

S/No. Response Tick 

1 Institution  

2 Individual household  

3 Community-many households  

4 It is not being utilized  
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40. Is the stormwater treated? 

S/No. Response Tick 

1 Yes  

2 No  

41.  Do you use stormwater? 

S/No. Response Tick 

1 Yes  

2 No  

42.  If yes in 41, for what purposes do you use the stormwater? 

S/No. Response Tick 

1. 1 Drinking and cooking  

2. 2 Cleaning house  

3. 3 Cleaning utensils  

4. 4 Bathing  

5. 5 Laundry  

6. 6 Watering domestic animals  

7. 7 Lawn/garden irrigation  

8. 8 Washing motor 

vehicles/motorbycicles 

 

9. 9 Others, 

specify_______________ 

 

43. If yes in 41 above, how do you fetch stormwater? 

S/No. Response Tick 

1 Fetching manually  

2 Pumping  

3 We use it at source/water point  

4 Others-specify___________  

44. If no in 41 above, why? 

S/No. Response Tick 

1 We don‘t have access  

2 We don‘t need to-water is 

sufficient 

 

3 The stormwater is unsafe-poor 

quality 

 

4 Others-specify___________  

 

SECTION G: STORMWATER MANAGEMENT 

Statement Strongly 

agree 

Agree Not 

sure 

Disagree Strongly 

disagree 

 

45. Stormwater is a 

source of domestic 

water 

     

46. You have knowledge 

on stormwater 

management 

strategies 
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47. There is need to 
harvest and store 

stormwater for use in 

the dry season 

     

48. It is important to 

harvest and manage 

stormwater 

     

 

49. Specify the kind of knowledge that you possess on stormwater management 

S/No. Response Tick 

1. 1 No knowledge  

2. 2 Stormwater harvesting e.g. dam  

3. 3 Maintaining vegetation-trees and grass  

4. 4 Low impact development/ Green 

infrastructure 

 

5. 5 Good farming practices like ploughing 

across contours, agroforestry 

 

6. 6 Others, specify_____________________  

50. What, in your view are the benefits of stormwater management? 

S/No. Response Tick 

1 Water will be used in the dry season for non-

potable use e.g. irrigation 

 

2 Water may be used in the dry season for potable 

use e.g. cooking 

 

3 It will reduce flooding downstream  

4 Stormwater causes destruction e.g. on roads  

51. Do you manage stormwater in your farm?  

S/No. Response Tick 

1 Yes  

2 No  

52. If yes in 51 above, which strategies have you employed? 

S/No. Response Tick 

1. 1 Stormwater harvesting e.g. dam  

2. 2 Maintaining vegetation-trees and grass  

3. 3 Low impact development/ Green 

infrastructure 

 

4. 4 Good farming practices like ploughing 

across contours, agroforestry 

 

5. 5 Others, 

specify_____________________ 

 

53. If no in 51 above, why? 

S/No. Response Tick 

1. 1 I have not thought about it  

2. 2 I don‘t have the financial capacity to 

engage in stormwater management 

 

3. 3 Stormwater is not an issue in our 

farm 

 

4. 4 I don‘t have the land to allocate to 

stormwater harvesting e.g. dam 
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5. 5 I don‘t have the skill to engage in 
stormwater management 

 

54. Have you ever been educated on stormwater management?  

S/No. Response Tick 

1 Yes  

2 No  

55. If yes in 54 above, by whom? 

S/No. Response Tick 

1 School  

2 County government  

3 Through media  

4 Other, 

specify____________ 

 

56. How is the county government engaged in stormwater management in your locality? 

S/No. Response Tick 

1. 1 Not involved  

2. 2 Educating residents on stormwater 

management (SWM) 

 

3. 3 Construction of dams/pans  

4. 4 Maintenance of dams/pans  

5. 5 Distribution of seedlings  

6. 6 Others, specify_________________  

57. In your opinion, what are the challenges to stormwater management? 

S/No. Response Tick 

1. 1 Lack of awareness  

2. 2 Lack of finances to construct dams/pans and 

distribute water to households 

 

3. 3 Lack of finances to plant trees, maintain 

vegetation 

 

4. 4 Lack of knowledge and skills on SWM 

strategies 

 

5. 5 Lack of technical knowhow to maintain/manage 

existing dams 

 

6. 6 Lack of land for stormwater harvesting  

7. 7 Others, specify___________________  

 

SECTION H: ADDITIONAL INFORMATION  

58. Kindly provide any other information not captured in this questionnaire which may be 

relevant to this study 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

Thank you. 
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Appendix II: Interview Schedule for Key Informant 

I am a Postgraduate student at University of Eldoret. I am undertaking a research 

titled ―The Potential for Stormwater in Augmenting Domestic Water Supplies in 

Kapseret Sub County, Uasin Gishu County‖. I request you to be a participant in my 

research by completing this questionnaire. The information collected will be used for 

academic purposes only and will not be divulged.   

 

1. Number of dams in Uasin Gishu and in the various wards of Kapseret Sub-County in 

the years indicated.  

 

 2013 2014 2015 2016 2017 2018 2019 

Uasin Gishu 

County 

       

Langas Ward        

Kipkenyo Ward        

Kapseret/Simat 

Ward 

       

Ngeria Ward        

Megun Ward        

2. Kindly fill in the table below with regard to stormwater reservoirs in 2019 

S/No Co-

ordinate/Location 

Capacity Ownership Management 

status 

i.      

ii.      

iii.      

iv.      

 

3. List all the known sources of water for domestic use in Kapseret Sub County 

i. _________________________ 

ii. _________________________ 

iii. _________________________ 

iv. _________________________ 
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4. a) Give the percentage of accessibility and coverage of residents of Kapseret Sub 

County to safe drinking water as at 2019_______________________ 

b) What is the average distance to water source in meters? ________________________ 

5. Explain the plans and achievements of the UG County government towards provision 

of clean water to all residents of rural settlements 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

____________________________________ 

6. Provide information on plans or strategies by  Uasin Gishu County to harvest 

stormwater in Kapseret Sub 

County_______________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

___________________________________ 

7. How much funds are allocated for water supply in Uasin Gishu County and in 

Kapseret Sub County in particular in the last 5 years in Ksh? 

Year Uasin Gishu 

County-All 

water supply 

projects 

Uasin Gishu 

County-

Stormwater 

Harvesting 

Kapseret Sub 

County-All 

water supply 

projects 

Kapseret Sub 

County-

Stormwater 

Harvesting 

2015/2016     

2016/2017     

2017/2018     

2018/2019     

2019/2020     

 

8. a) List the community support initiatives (education, technical or financial) that the 

Uasin Gishu county government is engaged in towards stormwater development? 

_____________________________________________________________________

_____________________________________________________________________
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_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

b) List the institutions and stakeholders engaged in stormwater management in Kapseret 

sub-county 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

9.  Provide a list of the policies at county level that aim at stormwater management (e.g. 

on stormwater harvesting, land uses that encourage infiltration, etc.). 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

b) Are these policies fully implemented? 

Yes  

No  

c) Outline the challenges to stormwater management? 

i. _______________________________________________________________ 

ii. _______________________________________________________________ 

iii. _______________________________________________________________ 

iv. _______________________________________________________________ 

10. Does the UGC have the following in relation to stormwater management: 

S/No Item Number Are these 

sufficient? 

1 Professional 

staff e.g. 

engineers 

Cadre_____________number____ 

Cadre_____________Number____ 

Cadre_____________Number____ 

Cadre_____________Number____ 

 

2 Technical 

personnel e.g. 

machine 

operators 

Cadre_____________number____ 

Cadre_____________Number____ 

Cadre_____________Number____ 

Cadre_____________Number____ 
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11. Kindly provide information on stormwater management equipment available at the 

county (e.g. the various types of machines and their numbers) 

S/No Type of Equipment Number Is this number 

sufficient? 

A.     

B.     

C.     

D.     

E.     

 

12. Kindly provide any other information that you may find useful in this study 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

 

Thank you. 

Signed: ……………………….. 

Gladys Biwott 

PHD Candidate 

University of Eldoret 
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Appendix III: Observation Schedule 

Date______________________ 

1. Evidence of runoff 

S/No Observable 

parameter e.g. 

flashfloods by 

the roadsides, 

farms  

Area 

/Coordinate 

Slope Land 

use 

Vegetation 

cover 

Remarks 

1       

2       

3  

 

     

4       

 

2. Stormwater Harvesting Infrastructure 

S/No Observable 

Parameter 

e.g. dams, pans 

Area/Coordinate Uses of 

Stormwater 

Level of 

siltation  

Remarks 

1      

2      

3      

4      

 

3. Any other relevant observations 

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 
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Appendix IV: Interview Schedule for Eldoret Metereological Station 

I am a Postgraduate student at University of Eldoret. I am undertaking research titled 

―The Potential for Stormwater in Augmenting Domestic Water Supplies in Kapseret 

Sub County, Uasin Gishu County‖. I request you to be a participant by providing the 

following data in the attached sheets. The information collected will be used for 

academic purposes only.  Thank you. 

1. Total yearly data for 35 years for UGC between 1985 to 2019. 

2. Average monthly rainfall in MM for every year between 2010-2019 for UGC. 

3. Daily rainfall in MM for 2019 for UGC. 

 

Signed: ……………………….. 

Gladys Biwott 

PHD Candidate 

University of Eldoret 
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Appendix V: Rainfall Data 

a) Daily rainfall data-2019 

DATE JAN FEB MAR APR MAY JUN JUL AUG SEPT OCT NOV DEC 

1 0 0 0 0 0 9.8 3 6.4 80.4 TR 0.2 1.3 

2 0 0 1.5 0 0 0 0 0.6 0.2 19.3 2.7 10.2 

3 0 0 9.3 0 0 0.3 4.5 0 1.6 14.7 8 11.8 

4 7.3 0 1.2 0 0 5 13.5 1.5 1 0 9.5 15.2 

5 0.4 0 2.4 0 0 11.8 9.1 0 9.6 0 1.8 23.6 

6 TR 0 TR 0 0.9 0 0.6 2.7 20.7 TR 8.8 3.2 

7 0 0 0 0 0 TR 0 5.5 TR 5.8 5 1.8 

8 TR 0 0 0 TR 50.3 3 11.7 11.7 0 0 0 

9 0 0 TR 0 11 31.8 TR 52.8 1.1 0 TR 13.8 

10 0 0 0 0.6 2.3 2 0 7.9 2.4 9.3 0.2 8.6 

11 0 0 0 TR 0 2.5 0 14 9.7 1.3 0 0 

12 0 0 0 0 TR 13 7.2 TR 7.2 0.9 0.2 1.6 

13 0 0 0 0 0.5 8.1 1.8 7.7 0.5 1.4 TR 1.2 

14 0 0 0 0 0.2 TR 10.8 23.8 0.3 1.8 0 3.7 

15 0.6 0 0 0 0 27.2 2.6 6.3 5 0.3 0 TR 

16 4 0.2 0 TR 0 1 0 11.5 0 0 0 0 

17 1.5 0 0 0 0 43.4 0 0 0 0.3 0 0 

18 0 0 0 0 0 3.1 0 25 1.6 21.3 0 0 

19 5.5 0 0 0 0 0 0 17.8 1.1 27.6 0 0 

20 0 TR 0 0 10.2 0 0 6.5 0 27.8 0 0 

21 TR 1.4 0 0.3 24.7 0.1 59 3.5 0 14 4.7 1 

22 17.5 0 0 7.8 0 1.1 2 2.1 2.6 4.6 11.8 0 

23 0 5.3 0 43.5 0.3 TR 1.8 9 46.4 2.2 28 15.9 

24 0 4.5 0 2.9 2.9 1.7 0.7 1.3 TR 11.5 14 2.8 

25 0 10.4 0 0 9.3 3 0.4 0 6.5 0 1.2 0 

26 0 0 6.9 1.5 0 2.8 0 1 0.3 0 0 3.6 

27 0 0 0 15.1 TR 0 16.4 8.1 8.2 1 0 37.1 

28 0 0 7.4 16.4 0 0 0 19.8 13.3 8.3 0 14.8 

29 0 0 0 0 0 2.5 1.1 12.6 0 22.5 14.3 0 

30 0 

 

0 0 0 5.2 0 0 0 21.1 4.6 0 

31 0 

 

0 

 

TR 

 

13.5 27.6 

 

1.1 

 

0 
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ii) b) Monthly rainfall data for 10 years (2010-2019) 

YEAR JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC 

2009 12.9 0.6 8.2 147.9 134.5 91 100.4 105.7 102 68.7 14.3 137.5 

2010 83.5 203.3 88.6 64.6 323.9 77.6 202 161 106.2 101.4 24.2 25.3 

2011 6.7 33.7 75.7 114.3 88.8 219.8 207.2 298.5 94.4 72.4 264.8 18.4 

2012 0 12.7 13.8 209.4 382 220.7 141.1 298.1 212.4 104.4 92.5 153.6 

2013 48.6 15.4 158.5 304.1 145 181.1 145.7 197.8 168.1 95 160.9 106.4 

2014 38.3 60.1 86.4 51.4 185.1 91.5 166.8 272.1 83.1 216.8 61.3 31.4 

2015 7.6 78.7 17.5 255.9 150.6 105.1 118.7 144.7 56.8 140.8 278.9 89 

2016 64.3 7 100 190.5 246.5 147.1 207.4 171.8 102.7 36.1 29.6 TRACE 

2017 69.1 39.8 47.9 148.5 50.1 74.4 197.3 265.4 149.9 270.4 92.3 5.5 

2018 6.6 42.2 143.6 357 243.4 233.2 199.1 188.5 20.7 62 5.7 76.3 

2019 36.8 21.8 28.7 88.1 72.1 218.9 154.4 360.7 151 218.7 116.1 192.9 
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c) Annual rainfall data for 35 years (1985-2019) 

YEAR RAINFALL IN MM YEAR RAINFALL IN MM 

1984 624.9 2004 1225.7 

1985 936.1 2005 1220 

1986 770.9 2006 1634.4 

1987 1147.7 2007 1534.5 

1988 991.1 2008 1622.7 

1989 1253.3 2009 923.7 

1990 1009.5 2010 1461.6 

1991 999.3 2011 1494.7 

1992 1094.6 2012 1840.7 

1993 689.4 2013 1726.6 

1994 999.3 2014 1344.5 

1995 985.9 2015 1594.9 

1996 1089.9 2016 1312.4 

1997 1213.5 2017 1485.6 

1998 1709 2018 1578.2 

1999 1458.6 2019 1660 

2000 1170 

2001 1534.5 

2002 1319.4 

2003 1277.9 
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Appendix VI: Nacosti Research Permit 
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Appendix VII: Research Authorization  from UGC 
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Appendix VIII: Similarity Report 

 


