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DEFINITIONS OF KEY TERMS AND CONCEPTS

Community: This is a social group of any sizes whose members reside in a specific

locality, share resources and often have a common culture and historical heritage.

Distance to water source: Distance to water source is an indicator of availability and
access to water demand by households. Significant amount of time is spent by women in
rural villages to haul water from water sources to their homes (Dale, 1990). This
variable requires the actual measuring of distance between the selected households and
the closest water access point, then computing an average distance. The London School
of Hygiene (2009) states that water access points should be a maximum of 500 meters

from every household.

Family size: Family size is the actual number of respondent s family members. It is a
reflection of the quantity of household water demand and use and is central to any

measurement of socio-economic status of rural families (Trivedi, 1963).

Income: The income indicator is used to describe the living standards of the sub-
catchment community and the ability to meet the cost of water demand. For the
purposes of this study, the average annual earnings of all members of the family was

used as a measure of income.

Livelihood: Comprises capabilities, assets and activities required for living.

Livestock holding: Livestock holding plays an important role in the socio-economic

status of the local communities. Livestock provides a regular supplementary income and



Xiv

employment not only to producers in rural areas but also to very large number of people
engaged in livestock related business. It is an important occupation and source of family
income. Livestock holding size is also a determinant of the amount of livestock water

requirement.

Size of land holding: Size of land holding refers to the number of acres of cultivable
land possessed by a household. Land holding is an important part of the physical asset

base.

Strategic management: Strategic management is a future oriented conception which
consists of analysis, decisions and actions an organization undertakes to create and

sustain competitive advantage.

Sub-catchment: Means a small area of land bound by hills or mountains from which all
run-off water flows to the same low point or into ground water system. The low point

could be a lake, dam or the mouth of a river where it enters the ocean.

Time taken to fetch water: Figures on time taken to fetch water is a reflection of the
length of the queue at water access point because it takes time to fill the containers. This

is especially true if water is available only for a short period each day.

Unaccounted for water: Is the difference between the quantity of water produced for
distribution in the network and the quantity of water billed. UfW consists of the
technical losses due to leakage and commercial losses due to illegal connection and

unbilled customers.
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Water distribution management: Function related to the management, maintenance of
structures, pipes, valves, pumps, meters or any other associated equipment used in

connection with the water supply.
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ABSTRACT

Access to quality water remains a key indicator of an improved social and economic life
of any community. Due to an increasing human population, changes in land use
activities and climate variability, Nyangores Basin in Kenya has been under pressure
and for this reason, availability and access to quality and sufficient quantity of water has
been adversely affected. Despite government plans to ensure all households access
piped water; this has not been achieved as coverage is still very low. The main cause of
lack of access to quality water from improved sources for household use is unclear. In
addition, household access, distribution and management of improved water demand
including rural water supply coverage and maintenance of water distribution systems in
the basin is not documented. The objectives of this study were to determine the
magnitude of household water demand, identify key factors that influence the magnitude
of water demand and distribution and to examine the effectiveness of the current water
use management strategies in Nyangores sub-catchment. The study employed
descriptive statistics based on survey responses from a total of 300 households picked
from Silibwet, Bomet and Sigor divisions. Household level data was supplemented with
key informant interviews of 20 professionals from the Ministry of Water and Irrigation,
Water Service Board and WRMA officials. The study also relied on secondary data
from the National Housing and Population Census report and the meter reading reports
at the District offices. Data was entered, coded and analysed using SPSS version 19 and
Ms-excel. Results indicate that income, household size and distance from homesteads to
water sources are major determinants of domestic water demand. Human population has
been growing rapidly and is putting a lot of pressure on available water resources,
whose quality has greatly deteriorated due to intensified human activities such as
agriculture and livestock production. The current mean water demand stands at 9,745 m’
per day, which is largely met by unsafe water sources. Women and girls bear the
greatest brunt of water related access constraints because they spent a lot of time
fetching water and this also exposes them to health and safety risks. The expansion of
piped water supply is slow with only 5.3% coverage since 2003. The community water
use management strategies are below 30% and UfW is 53.77% up from a benchmark of
25%. Non-payment of water bills is increasing at the rate of 4 % per month.
Management strategies currently employed include rationing, public education on
efficient water use while metering, pricing and enforcement of legislation on water
governance are employed on a limited extent. The study recommends the county and
national governments to promote watershed and basin protection, harnessing of
underground water resources and investment in more rain water harvesting
infrastructure to reduce reliance on rivers. It is important to promote efficient use of
water by the local community, promote growth of non-agricultural income generating
activities to create effective demand for water and aim to supply safe water to within a
radius of 200 metres from homes.



CHAPTER ONE

INTRODUCTION

1.1 Background to the study

Water is one of the most important natural resources because it is viewed as key to
prosperity and wealth (Arbue’s et al., 2003). However in the last few decades, many
countries have witnessed an emerging problem of falling water tables and aquifers
getting depleted (Brown, 2001). In addition, water systems and resources are unable to
provide basic functions to the rapidly growing population due to threat posed by

pollution arising from various human activities (Gichana, 2014).

According to the American Water Works Association (1999), 11 % of the global
population or 783 million people are still without access to clean water. The world
population will continue to grow and will not only affect the demand for water but also
its cost. For this reason, per capita water use is expected to decline with higher
population densities. It is well documented that lack of access to quality and adequate
water contributes to prevalence of poverty in the society. According to Jerald(2008) and
Swaminathan (2001), less than 10 countries have about 60% of globally accessible
water, suggesting that even though water is abundant, its availability and accessibility
for drinking, agriculture and industrial use are limited and unevenly distributed
geographically. For households to fully benefit from an improved water supply, it must
have indoor access to safe and reliable water sources. However, very little attention is

paid to modern scientific approaches for protecting headwater catchments, important for



replenishing the surface water systems (Sharma et al., 1996; Furst, 2014). While this is
almost always found in developed countries, such access is far from reality in

developing countries.

The location of adequate supplies of water for domestic and industrial use has shaped
the geographic distribution of population, its quality of life and culture. Adequate supply
of quality water is central to the integrity of the environment and the maintenance of the
ecosystem (Govt. of Australia, 2009) and (Veronica, 2010). It enormously contributes to
economic productivity and social wellbeing of the human population (GWP, 2000).
UNEP (2000) estimated that in 2000, 20% and 50% respectively of the world's
population lacked safe drinking water and access to safe sanitation systems hence
leading to serious water shortages and waterborne related diseases. With the world's
population growing at the rate of 80 million people annually, there is need to add about

64 billion m® of water annually (GWP, 2000).

Due to rapid population growth and changes in socio-economic activities, urbanization
and industrialization and the water- intensive lifestyles has greatly contributed to a
global water crises (UNEP, 2000). Globally, fresh water and water resources are
unevenly distributed in regions such as Asia and Pacific, Europe and Central Asia, Latin
America and Caribbean, North America and West Asia where overall fresh water
consumption has increased six fold between 1900 and 1995. As the state’s population

grows and industries such as mining, agriculture and horticulture expand, the



competition for accessing water resources has increased. The demand for water
resources has doubled over the past 20 years and is expected to double again by 2020
(Water and Rivers Commission, 2000a).

Although domestic water consumption accounts for only 7% of the total water use in
Africa (Hinrichsen et al., 1997), the benefits related to an improved water supply, such

as effects on health, time savings and high productivity are quite immense.

Kenya like many other developing countries is facing formidable freshwater planning
and management challenges. Less than 65% of the population has access to safe
drinking water (Furst & Hermegger, 2014). In spite of the crucial nature of access to
quality water demand and distribution for sustainable development and improved
livelihoods, its decline is becoming a worldwide problem. Whittington, (2007) found
that only one third of the population in Kenya has access to improved water facilities

while the rest are water stressed.

High water demands and lack of effective and sustainable strategies for addressing
natural and man-made problems affecting water resources including climate variability
projects Kenya to be a physically and economically water stressed by 2025 (Mati, 2005)
ad (Seckler et al., 1998). However, current reports indicate that about 58% of the
people living within the Kenya’s major basins have no access to portable water, making
them vulnerable to extreme water shortage despite the governments target to have

provided water to all by the year 2000 (Kenya and UNICEF, 1998).



According to WRI(2007) Kenya briefing report, increased abstraction and declining
access to downstream water users and the lack of regulations compounded by high level
of corruption impacted upon the rights of access and distribution of water supply,
rendering majority of the people in Nyangores and other basins excluded from access to
safe drinking water for extended periods of time. The scarcity of water has led to huge
and ever mounting water related problems. This scarcity is linked to climate change,
demand that exceed available water resources and most importantly unsustainable use

(Ogallo, 1996; Orie, 1995).

Water demand and availability in the Mara basin in Kenya is reported to have decreased
due to high population growth rate of 7%, increased demand for food, rapid economic
growth and climate change (Gichana, 2014). This has led to many other challenges such
as inability to meet the basic human need of 25 litres of water per capita per day for all
people. In addition, the low flow of most rivers of the world including Nyangores are on
average maintained below 80% at all times, and this represents a threat to ecologically
sustainable development and livelihoods, absolute water scarcity and subsequent
conflicts (Cave et al., 2003). During the dry period, people make frequent visits to
Nyangores River, a tributary of Mara basin to abstract water for domestic and livestock
needs, wash clothes, vehicles, bathe and swim because other sources of water such as

rainwater or pipe water are lacking.



SCMP (2011) reported that many communities living within the Nyangores basin
experience water woes rooted in deteriorating access to quality water, unreliable
availability of water and the inefficiency of water providers (DFID, 2002). Villagers in
Nyangores area fear that the vital source of food, water and livelihoods is threatened.
Women and young girls bear the burden of water collection usually in unsafe
environments, making them vulnerable to sexual assault and accidents. The time and
energy spent walking and hauling water from distant sources and the resulting water
borne diseases keeps them from school work and care of their families (UN Water/
Africa, 2003). Water is central to the conservation of ecosystems and also for the
development of health, agriculture, power generation, livestock production and other
important economic activities (Winpenny, 1994). DFID (2002) village report, affirms
that there is hardly no enough water in Nyangores basin to sustain any worthy
investment as the river water pollution increased to the highest limit in 2001 at which

over 100 cases of typhoid were reported.

The increasing competition for domestic water use exacerbated by inconsistent water
supply and the ever mounting demands from other water sectors has led to an abuse of
the river. For example, people use the river unhygienically (e.g. to bathe and wash
clothes) while point pollution from cattle dips along the river has greatly affected water
quality of Nyangores River. These water challenges call for the need for new water
demand management strategies and expansion of water distribution networks (Conradie,

2002).



The inadequate access to quality water in the area is a priority problem just as river
water pollution. Inadequate knowledge in rain water harvesting techniques has played
an important role in contributing to water shortage. Water is fetched from Nyangores
River mainly using donkeys, women and children (Gichana, 2014). This is a threat that
has pushed many communities living in rural areas into abject poverty (Molden, 2007).
Efficient management of water resources to benefit rural and urban communities

requires a full understanding of existing patterns of water demand (Nyong, 1999).

Demand analysis is an important tool for the economic analysis of household behaviour
with regard to water use. The rapid growth of urban and rural population together with
the increasing growth of mega towns and cities with expansive and intensified
agricultural and industrial activities has resulted in economic water scarcity which deters

access to meet human demands (UN-ESCAP, 2000).

Decision-making in the basin is dominated by knowledgeable individuals and this
excludes the vulnerable groups such as women and the poor in the community, who
often lose out in the process of water resource formulation because they lack the
resources (knowledge, time, travel and money required to obtain formal authorisation)
(UNDP, 2006). Little guidance is given in the legislation on how equitable distribution
of water is applied to households and other sector demands. Furthermore, inequitable
allocation of water is contributed by poor response to water rights, lack of transparency

and accountability in the Ministry of Water and Irrigation (MWI), poor financial



mechanisms by the government together with corrupt officials and poor rehabilitation of
water catchments. The fact that local regulations for Environmental Flows is lacking,
monitoring and controlling of water resources has not been thoroughly implemented
(GoK, 2002). The different activities such as deforestation, water abstraction for
livestock and agricultural irrigation among others are heavily affecting the ecosystem
(Mati et al., 2008), but the major cause of deteriorating access of quality household

water demand from improved sources remains unknown.

1.2 Statement of the problem

Safe and clean water is important for socio-economic development and the ecosystem
services. However, this resource is gradually diminishing in most sub-catchments in
Kenya including Nyangores. For example, in 1970 renewable freshwater availability in
Kenya was 1,500 m’, this reduced to 600 m’ in 2007 and declined further to 500 m’ in
2010 and is projected to reach 250 m’ in 2025 suggesting deteriorating access to
improved water resources. The reliance on the information that there is availability of
743040 m®'d in Nyangores basin is misleading because the water is unsafe for drinking
and other domestic uses. The current population growth rate of 2.3 % p.a coupled with
growth in development and urbanization may raise daily water demand by 43.65 % and
lead to a deficit of 48.02 % in the year 2032. This suggests future increase in water
demand accompanied by a decrease in access to improved water supply in Nyangores

sub-catchment.



Seasonal and spatial variation in water availability in Nyangores River basin and the
current demand that outstrips supply is an indication of water scarcity and diminishing
access to improved water supply. Inadequate access to improved and affordable water is
a major cause of public health problems. From 1990 to 2000 water pollution in
Nyangores River was low with no cases of water related diseases but from 2001 to 2013
water pollution was at peak and about 210 cases of typhoid were reported and over 50
people died of cholera in 2014 alone. This problem is as a result of low public water
connection coverage rate of 5.3% with limited efforts to increase protection of existing
water resources to meet improved water demand and supply. The cost of access to a unit
of water for the rural households is higher compared to their urban counterparts that
receive subsidization. The disparity has widened the gap between the haves and have-

nots instigating frequent water conflicts and loss of lives.

Several studies have been conducted in the Mara Basin in Kenya. An example of these
includes Hoffman (2009) who conducted an analysis of water availability, demand and
use. However, household access, distribution and management of improved water
demand including rural water supply coverage and maintenance of water distribution
systems still remains a grey area that require further investigation. Adequate information
is still required on basic daily minimum and maximum household water requirement
from improved water sources and the effectiveness of the current rain water harvesting
techniques among rural communities in Nyangores basin. This study therefore sought to

fill these gaps in literature; specifically the extent rural and urban households are likely



to choose improved water sources amidst unsafe alternative sources and the factors

which determine their choice of supply including management of water use.

1.3 Research Questions

i.  What is the magnitude of household water demand in the rural and peri-urban
regions of Nyangores sub-catchment?
ii.  What are the key factors that influence the rate of water demand and distribution
in Nyangores sub-catchment?
iii.  How effective are the current water use management strategies in Nyangores

area?

1.4 Objectives of the study

The main objective of the study was to analyse household water demand, distribution
and community management strategies for efficient water use and conservation in

Nyangores sub-catchment of South West Mau in Bomet County.

Specific objectives
The specific objectives were to:
i.  Determine the magnitude of household water demand in Nyangores sub-
catchment.
ii.  Identify the key factors that influence rate of water demand and distribution in

the study area.
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iii.  Examine the effectiveness of the current water use management strategies in

Nyangores sub-catchment.

1.5 Justification of the study

Nyangores is one of the many sub-catchment areas found in Bomet County in Kenya. It
is a major tributary of Mara River, lies at the edge of the largest water tower in Kenya,
Mau forest, where majority of the rivers originate and flow in the south western
direction (Veronica, 2010). Lack of access to safe and clean water is mainly caused by
the increasing poverty levels, people living below the poverty line is now standing at
58.7% and those that suffer food poverty are 36.2% (Bomet, 2010) of the population.
The basis for conducting the study was guided by the following reasons; first Nyangores
sub-catchment flows from Mau forest the major water tower, with an average flow
volume of 8.6m’/s and a length of 94km (Nyangores Sub-catchment Plan, 2011),
therefore ascertains availability of water throughout the year. Moreover Nyangores
River is an important source of livelihood to urban and rural communities in Bomet

County.

Even though the issue of water is observed as a general problem for both the urban and
the rural population (Peter, 2004), women and children bear the greatest burden because
of their social gender role of collecting water for their households (Rose, 2009). They
often walk 3 to 4 kilometres daily carrying heavy buckets of contaminated water to their
homes (Alison, 2004). They also suffer from water borne diseases, limited participation

in education, income-generating activities and political issues. Several studies have been
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carried out to analyze people's perception and attitude about the drinking water source

quality and accessibility.

The rapid and uncontrolled population growth has influenced environmental degradation
as a result of deforestation, overgrazing, excessive land use, fast growing settlement
pressure and agricultural practices, the encroachment of the forest area has led to a
decrease in area under forest in Kenya from 37% to 24% between 1987 to 2000
(DAAD, 2008). The cutting down of trees for timber and fuel and overgrazing activities
has increased the surface run-off in rainy season. Deforestation has caused irreparable
damage to surface and underground water resources as this has accelerated the rate of
water evaporation and as a result many streams are drying up (UNESO; 2010). The
result of high grazing pressure has affected the regeneration rate of herbs and shrubs
which has completely been destroyed. A combined human settlement, high population
growth, deforestation and agricultural activities have influenced the macro climate
change which has an adverse effect on freshwater recharge, availability of flows;
catchment degradation, water pollution and low flows resulting from an increasing

frequency of droughts thus affecting the volume of surface and groundwater resources.

In fact, out of an estimated 111,258 households in Bomet County, living in rural, urban
and peri-urban slums, only 26,100 households have access to improved water from an
average walking distance of more than 4km a day. Household distribution per time

taken to fetch drinking water is over 60 minutes, showing that the largest proportion of
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the population do not have access to clean drinking water, but rather rely on unimproved
water supplies (Bomet, 2010). Furthermore, there is limited information about water
demand and distribution in Nyangores sub-catchment, water use management strategies
and the proportion of population without sustainable access to safe drinking water

(DFID, 2002).

The river is highly polluted with animal waste, soil and solid waste. The water crisis in
the study area is attributed to the wave of drought, catchment degradation and
population growth which has negatively impacted on the economic activities of the local
communities. The water shortage due to high water abstraction and low freshwater
recharge needs to develop a strategy to quantify water resources so as to exploit them
rationally and maintain quality. Poor allocation and supply of water resources threaten
long- term economic development with direct effect on food production. With the
rainfall getting increasingly erratic and unreliable in the region, per capita water has
experienced a decline in the recent years with consequent intensification of industrial,
agricultural and domestic use of water (FAO, 2008). Socio-economic problems related
to inadequate distribution of water are being felt by many people as water for domestic
use is purchased at high prices from water vendors. There was an alarming deterioration
and an increasing scarcity of fresh water resources caused mainly by the growing
population pressure as shown in the Table 1.1 below. It is due to these reasons and the

need to fill the gaps of information that Nyangores sub-catchment was selected.
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Tablel.1: Population, water demand and distribution in Nyangores

Year | Population Water Storage capacity Pipe water
demand(M3) (M3) coverage (sz)
2006 141,305 39,787 200 2.80
2007 144,805 40,772 200 3.03
2008 148,264 41,746 200 3.20
2009 151,804 44,745 200 3.60
2010 155,182 47,870 200 4.20
2011 158,883 71,135 400 5.80
2012 162,442 75,667 400 6.25

Source: Bomet water supply, 2013

1.6 Significance of the study

The results of this study are expected to provide new insights to the demand and the
distribution of water resources to various users and understand how total and
disaggregated supply and consumption of water evolve over time in major sectors of the
economy in the Nyangores basin. Results from the study will form a basis for policy
formulation and planning for efficient water distribution, management and conservation
to sustain the scarce resource and as a basis for the solution of water conflicts among
users. It is meant to establish a governance framework that ultimately enables more
rational water distribution in order to minimize the vast number of people without
access to basic water facilities as well as to improve the lives of the poor and the
marginalised in Nyangores sub-catchment through utilization of the scarce water
resources. This will help strengthen social harmony and economic productivity as well

as maintaining a sustainable water resource and ensure adequate water supplies for
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urban and rural uses. The study will provide an incentive for more efficient water use in

agriculture, industry, domestic and other uses.

1.7 Scope and limitations

This study intended to determine the magnitude of household water demand and spatial
distributions of pipe water coverage based on population projection from 2007 to 2025,
land use activities and income levels and also investigate households accessed to water
systems in the study area. It identified key factors that determine the choice of water
source, the rate of water consumption and also examined the effectiveness of the current

water use management strategies.

The study was conducted in the lower part of Nyangares, a tributary of Mara River in
Silibwet, Bomet and Sigor geographical areas. A sample of 300 households was selected
to provide information based on their perceptions and norms on demographic, sources of
potable water, estimated distances and time taken to fetch water. The study focused
only on selected aspects of the problem while certain areas of interest such as
availability of water per source at a given time and season and disaggregated households
according to water use from improved, unimproved or both was limited by inadequate
information at the time of study especially the temporal and spatial distribution of

improved water coverage.
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1.8 Conceptual framework

The literature provided examples of attempts to conceptualize the different phases of
water resource development and management in response to water demand, distribution
and use. This framework was developed to reflect the element of the supply-demand
balance. It was designed to address issues related to water shortage in conditions where
domestic and agriculture represent an important part of the demand for water. The
framework proposes step-wise approach to water demand, distribution and water use
management strategies at household and community levels to maximize the benefits

obtained from a given amount of water available to users (Molden et al., 2010).

Keller and Davids (1998) and Keller (2000) suggest three phases of river basin
development: exploitation, conservation and re-allocation. The exploitation stage is
dominated by direct surface diversion and later stage with progressive building of
storage and water distribution. During the conservation phase-demand management and
efforts towards efficiency increase would be more important followed by systematic
water treatment. Water shortage begins to appear and competition for water emerges
between different sectors and within sectors. Water quality deteriorates and aquatic
ecosystems are damaged due to reduced water quality and quantity. Water policies focus
on improving water management and conservation and at the same time water pollution
and withdrawals call for better and more effective regulation. Water has become a rare
commodity and is no longer sufficient to satisfy aggregate demand from all sectors.
Policies are directed towards the economic optimization of water with emphasis on re-

allocation of water from low value to high value uses, Keller and Davids (1998).
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The demand management theory (Stephenson, 1998) supports the fact that water
demand management is an alternative to increase water supply. The control of water use
can be affected by the supplier or the consumer. The supplier can use various methods
to limit supplies such as physical, sociological and economical methods. The
components of the physical method include pressure control, installing of water saving
devices such as small and double action cisterns, low volume showers and automatic tap
closers. Sociological methods include appeals through the media, changes in the ways of
life by increasing water costs and public relations campaign. Legal enforcement of water
restrictions, if associated with fines can be effective but costly to apply. Consumer
awareness can encourage local re-use of grey water such as water for gardening. The
economic methods include water tariffs, metering or charges on discharges.
Theoretically, the best system would be to charge prices which reduce the wastage to

meet availability (Moor, 1989).

The components of water demand management such as water demand forecast, water
allocation policies and strategies, reliability requirements, cost of supplying water and
expected returns and hydrological impacts are potential for improving efficiency in the
distribution of water resource and reducing demands of the catchment (Pieter, 2003).
Due to spatial and temporal uneven distribution of precipitation (Radif, 1999) rapidly
increasing water demands driven by world population and other stresses as well as the
degradation of water environment ( UN- CSD, 1994) has led to increasing scarcities of

water resources. Recent concerns about increasing efficiency of water utilization,
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demand and distribution have centred on economical optimal water allocation at the

river basin level (Mckinney et al., 1999).

Water Evaluation and Planning (WEAP) is unique in its capability of representing the
effects of demand management on water systems. Water requirement is derived from a
detailed set of water uses in different economic sectors which provide end-use goods
and services at the foundation of water analysis and allows an evaluation of effects of
improved technologies on these uses and the effect of changing prices on quantities of
water demanded (Jack, 2011). Water demand and supply are relatively sensitive to slight
changes in population growth, urbanization, industrialization and the expansion of
irrigated agriculture besides contributing to the rise of water pollution (Sieber, 2005).

Water Demand Management (WDM) is an essential part of the challenge to sustain the
water resources. The main principle of WDM is efficient use of water in order to
maintain vital environmental flow and to reduce dependence on costly infrastructure

project (Sungai, 2005).

Hydro-economic models represent spatially distributed water resource systems,
infrastructure, management options and economic values in an integrated manner. Water
allocation and management are driven by the economic value of water to provide policy
insights and reveal opportunities for better management (Gleick, 1986).

Water demand is related to how much water is needed and water management is related

to what to do to increase the supply and reduce the demand. Water availability is



18

affected by external pressures such as high population, climate variability, pollution,

exploitation, urbanization and land use (WWAP, 2009).

Fundamental objectives for river regulation highlight major issues on watershed
protection measures and priority allocation of water for domestic, environmental and
industrial use. This contributes to maximum satisfaction of basic water needs leading to
an improved livelihood to the local community (Kenny, 2005). The security of water
through improved management of water resources guarantees availability and effective
distribution. This is necessary for achieving the Millennium Development Goals
(MDGs) such as eradication of extreme poverty and hunger, gender equity, maternal
health, combating major disease and environmental sustainability (WHO, 2004).
Combination of these factors results in food security, good health, poverty alleviation in
urban and rural areas, economic development, rural livelihood consolidation,

environmental protection and sanitation (Tue, 2004).

The variables in the framework are interrelated and dynamic. Availability of water
determines the allocation of water to water utilities which play a major role in
influencing water demand requirements by different sectors (Figure 1.1). More demand
for water is inevitably created by the drivers of water demand especially population and
economic growth. How growth takes place affects how much additional water is needed
and how much it will cost to deliver in terms of demand, infrastructure and efficiency.

On the same note, pressures of water demand affect water distribution leading to water
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scarcity with a negative impact on water use and livelihoods. Community Management
Strategies especially water reforms and policies, awareness creation and information
dissemination influence water-related livelihoods such as health, poverty alleviation and
aspirations and in turn affects infrastructure, water use and water resources. At the same
time communities face two growing and related issues: huge financial needs for
infrastructure and concerns about availability of water are also related to the quality of
existing and potential sources of water. Low- density and dispersed development
increase the cost of delivering water. This requires longer pipes, which lose more water
through leakage and raise transmission costs therefore making livelihoods

unsustainable.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter presents a critical review of water demand, distribution and management
strategies focusing mainly on the concept of magnitude and factors affecting the demand
and the effectiveness of the current water use management strategies. It also address
issues of availability, accessibility and reliability of household water demand through
effective management of water resources, even distribution and treatment of water and
modelling of complex water systems to satisfy the needs of the watershed community. A
brief review of determinants and techniques used to determine the magnitude of water
demand and also among the critically reviewed sections are the methods, findings and
designs presented by other researchers who tried to contribute solutions related to the

problem of the study.

2.2 Freshwater availability

Water accessibility depends on its physical location and timely availability (Osei, 2004).
Ariyabandu (1999) express the fact that easy accessibility, reliability and timely
availability of adequate safe water to satisfy human needs ensures household water
security for basic needs and economic activities. Globally, the main sources of
freshwater for socio-economic activities include rivers, pipe water, protected and

unprotected springs, open wells, protected wells, roof catchments, dams, earth pans,
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boreholes, streams, lakes, reservoirs and underground aquifers resulting from a

complex hydrological cycle (UNEP, 1999).

2.2.1 Rivers
According to Baseline Survey of the Mara River Basin, (Alison, 2004), Bomet County

has several permanent rivers such as Amalo River which flows along the southern
boundary of Bomet district, Nyangores River which flows from the south western Mau
forest through Tenwek, Bomet town and joint Amalo River at Kaboson to form the
Mara River. The distribution of households by source of water in the basin indicates that
56.4% get water from river, 5.9% from pipe, 6.9 % from protected springs, 17.6% from
unprotected springs, 2.2% from open wells, 1.1% from protected wells, 6.3% from roof
catchments, 21.5% from dams and earth pans and 0.2% from boreholes (Alison, 2004).
Households in less developed countries face a chance set of diverse sources which
include house tap connections, public or private wells and taps, water vendors and tank

trucks.

The Nyangores River experiences a decline in water flow and the drying up of some
parts of the river course is due to indiscriminate deforestation of the Mau forest complex
and the planting of eucalyptus trees on riparian land (SCMP, 2011). Eucalyptus trees
pose the biggest danger to the springs occasioning reduced yields. The quality of water
flowing in the river has also been adversely affected through point source of wastewater
into the Nyangores River such as cattle dips, car washing, slaughter houses and

municipal wastewater. Bathing in the river is very common in parts of Nyangores and
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residents carry household goods, clothes, and utensils to wash in the river. Following the
baseline survey of the Mara River Basin, (Alison, 2004), found that 76% of households
in Bomet have adequate water at one time or the other during the year and the quality of
water has been declining over time as 36% of households in Bomet treat water while
64% do not treat their water. The Mara River is one of the most important freshwater
ecosystems for Kenya and Tanzania. The river has a catchment area of 13,504 Km?,
with 65 % in Kenya and 35% in Tanzania (Veronica, 2010). With the main source of
this Trans — Boundary River being the Mau forest, it flows through diverse landscapes
with a total length of 395 Km discharging into Lake Victoria through Tanzania (Figure
2.2). The climatic conditions within the basin vary with altitude. At 2,915 m a.s.l in the
Mau forest the precipitation in the upper basin has an annual mean of 1,400 mm/year
and decreases to 600mm/year at lower altitudes of 1,140m a.s.l before discharging into

Lake Victoria (Mati, 2005).

2.2.2 Rain water

Hydrometereological studies have shown that annual precipitation levels have not
changed significantly over time, but there is variation within the seasonal and monthly
distribution (Melesse et al., 2008). The dire situation regarding water resources is a
direct consequence of poor management, corruption and a lack of political resolve to
address the crisis (SCMP, 2011). The water storage in Nyangores especially the upper
part of the catchment is endowed with plenty of rainfall while the lower part experiences

semi-arid conditions. This therefore, creates a suitable condition for rain water
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harvesting at the upper catchment and development of water pans in the lower part

(SCMP, 2011).

2.2.3 Dams, springs and boreholes

Dams and springs are important sources of water for domestic use and in most cases
dams are silted and most of the springs are unprotected. The dams in the sub-catchment
include Tenwek mission dam (Figure 2.1), Chebara, Cheboin, Keringet, Kamanyowa,
Kapkores and Kapsimbeiywo. The unprotected springs are Bararget, Milimet, Kapkwen
and Kapkoin. Boreholes and shallow wells are mainly used in the middle and lower
parts of the catchment and as the demand for water increases, there is need for more

storage to meet the demand (SCMP, 2011).

e

Figure 2.1: Tenwek Dam Community protected spring
Source: Chebotuiya (PDO; Nyangores Sub-catchment Plan; 2011)
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2.3 Household water demand and accessibility

Household water demand comprises issues of water availability, accessibility, usage and
quality. Availability is affected to a larger extent by environmental factors from
hydrological changes (Osei, 2004). Easy accessibility, reliability and timely availability
of adequate safe water to satisfy basic human needs is important in meeting household

water demand and security (Ariyabandu, 1999). This enables households to obtain the

required quantity of suitable quality water for basic and economic needs.
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2.3.1 Household freshwater demand

In almost every region of the world, the demand for freshwater has continued to increase
while accesses to the required quantity and quality of the resource has been on the
decline (UNEP, 2000). The central role of water is evident in any systematic appraisal
of life-sustaining requirements. Even at the most fundamental level of human survival
and sustainable development, water not only has life sustaining qualities, but strongly
influences economic activity (both production and consumption) and social roles. UN-
WATER (20006), estimates that 50% of the world’s population lacked access to safe
sanitation while 20% lacked access to safe drinking water. Mehretu and Mutambirwa
(1992) observed that in Chiduku communal area in Zimbabwe approximately, 91% of
the total time devoted to water collection is carried out by women and girls while in
Arusha, Tanzania, they account for75 % of this time (Makule, 1997). Bevan, Collier and
Gunning (1989) gave more insight by indicating that in the Central and Nyanza
provinces in Kenya, younger women spend less time than old women in fetching water
from the same distance. In Central Province, women aged 20-29 spend 56 minutes, aged

30-49 (69 minutes) and over 50 years (77 minutes).

2.3.2 Distance and time to improved water sources

Locating improved water supplies within reasonable distances to households saves time
and increases total water consumption. The World Health Organization (WHO, 2000)
considers 200 metres as a convenient distance for fetching water. Huttly et al., (1990),

found that improving accessibility by constructing boreholes in villages in Nigeria
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reduces daily water fetching time from 360 minutes to 45 minutes. Through rain water
harvesting, women in SriLanka saved 2 hours (opportunity cost) daily by reducing in the
number of trips to dug wells and springs from 8 to 3 hours per day. Such substantial
amount of time saved could improve women’s welfare through time and energy
availability for education, high status work and civic activities. In an earlier study
conducted in 12 rural communities in Kenya, Tanzania and Uganda White, Bradley and
White (1972) showed that on average water carrier utilizes 240 calories daily in water

fetching, this value amounts to 8.5% of the carriers’ daily calorie intake.

2.3.3 Scarcity of freshwater supply

Among the world’s regions, Sub-Saharan Africa (SSA) faces the greatest problem of
water scarcity because the freshwater resources are unevenly distributed over time and
space. Africa uses only 4% of its water resources (UNDP, 2007b) yet it faces the
greatest problem of water shortage (Hopkins, 1998). Despite the abundant fresh water
resources in Africa’s lakes and rivers, still a great disparity in water availability and use
is experienced. Most freshwater in Africa comes from rain along the equator,

specifically around the Congo basin and Niger delta (UN-CSD, 1994).

In the period to 2025, it is expected that the world will need 17% more water to grow
food for the increasing population in developing countries, and that total water use will
increase by some 40% (UNFPA, 2003). Both the shortage and the uncontrolled excess

use of water can be life-threatening, and the essential balance in-between must look to
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achieve appropriate priorities, equity and economy in the dispensing of this most vital
resource. It is with this understanding that world leaders meeting at the Millennium
Summit in 2000 set a target of halving by 2015 the proportion of people without

sustainable access to safe drinking water.

According to the Population Institute (2010), there has been a widespread failure to
recognize that water provides food, energy, sanitation, disaster relief, environmental
sustainability and other benefits. This has left hundreds of millions of people suffering
from poverty and ill health and exposed to the risks of water-related diseases. Given
clean drinking water, fewer children will die from water-borne diseases, more women
will have time to engage in productive activities, reducing income poverty and enlarging

their social and economic opportunities (UNFPA, 2003).

The most immediate impact of measures to protect water sources and increase access to
clean water will be to reduce social and environmental vulnerability (UNWWAP, 2009).
By so doing, reductions in child and maternal mortality and improvements in child and
maternal health are to be anticipated, as well as reductions in the incidence of malaria
and other water-borne diseases (WHO, 2003). The availability of safe drinking water
will also help in achieving the goal of gender equality and empowerment of women, as
time spent on water collection can be devoted to more productive pursuits. In many
localities, this task is undertaken by school-age girls, so this measure should have a

positive impact on girls’ education (Guisse, 2004).
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Water is an essential resource for sustaining health, yet both the quantity and quality of
available water supplies are declining in many parts of the world. In developing
countries, lack of access to safe water, especially in rural areas and among poor
communities, obliges women to spend hours every day collecting water for their
families' daily needs, causing enormous drain on their energy, productive potential and
health. Largely because of their role in collecting water, washing clothes, cleaning and
cooking, and in rural areas, performing day-to-day agricultural tasks, women are
constantly exposed to the risks of contracting water-related diseases that affect their
reproductive health. Exposure to contaminated water sources is associated with
pregnancy failures and with infant and childhood development difficulties, illness and
mortality (Carl, 2010). Access to water is a known basic human right, however, Sub-
Saharan Africa and other third world countries experience several challenges. This
ranges from the water infrastructure to the distance they have to walk to get this
precious commodity (UNWWAP, 2009). No such documented information exists for
rural communities in Nyangores basin in Kenya. Even if water is available from a
source away from home free of charge, its collection involves time to get to the source,
to wait at the source (queuing), and time to haul the water back home. One may choose
to convert collection time into collection costs using an assumed value of time.
However, the value of time may differ widely across households depending on who is
responsible for collecting water, and even within a specific household over time of day
or day of week. In localities lacking formal labour markets or with high unemployment,

estimating an average value of time for a study population is largely guesswork.
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Many analysts thus do not attempt to convert the time cost of water collection into a
pecuniary collection cost. For example, Larson and others (2006) consider round-trip
walking time to water source and waiting time at the source. David and Inocencio
(1998), on a sample from Metro Manila in the Philippines, use distance from source in
metres as an explanatory variable in their demand model. Strand and Walker (2005)
consider hauling time per unit of water consumed. Whittington and others (1990b) are
among the only authors to provide some empirical evidence about the pecuniary cost of
collecting water from non-tap sources. Using data from Ukunda, a small market town in
Kenya, they develop two approaches, based on discrete choice theory, for estimating the
value of time spent collecting water. Their results indicate that the value of time for
households relying on non-tap sources (kiosks, vendors, or open wells in the village)
was at least 50% of the market wage rate and likely to approach the market wage rate

for unskilled labour for some households.

2.4 Determining the magnitude of water demand and distribution

The demand for water includes the requirement for water services in agriculture,
industry, domestic and other purposes (Jack, 2011), while distribution is the delivery of
water to consumers with appropriate quality, quantity and pressure (Bibhabasu, 2010).
The distribution system is used to describe collectively the facilities used to supply
water from its source to the point of use. Burchi and Andreas (2003) define water
distribution as the function of assigning water from a given source to given uses. The

spatial demand and distribution of water resources vary depending on a number of
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factors such as willingness to pay, infrastructural capacity, modern technology,

distribution systems and components (Warren, 1998).

An established demand estimate for each major sector is obtained from a conducted
abstraction surveys in order to compute water demand and establish the water balance
(Musangi, 2009). The amount of water needed for beneficial use is calculated based on a
simple per capita taking into account the projected needs of the population, industrial,
commercial and other uses supplied by the permit applicant. According to UN-ESCAP
(2000), water demands are estimated using population projections, land use information
and water production records. Historical population trends and projected growth patterns
provide a comprehensive insight into the future water demands determined by the
magnitude, direction and characteristic of population growth. Warwick (1997)
emphasized the need for an economic efficiency operational criteria requiring the
distribution of stream flows until the net marginal utility in per capita water
consumption is achieved. The relation between the quantity of water used and the price

is illustrated by the demand curve (UNDP, 2007b).

2.4.1 Determinants of water demand
The main variables that determine water demand is discussed with particular attention to
water price, household income, weather variables, household size and composition, time

for fetching water, education, village population and water accessibility.
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Water price: Demand theory states that as the price of a good increases, the demand for
that good decreases (Froukh, 2001). Therefore, it is expected that price will negatively
influence the quantity of water use from purchased sources. When a price of water
exists, then it is quite easy to compute a per unit price for each household and each
source. The price of non-piped water has been considered exogenous in all studies
except in David and Inocencio (1988). These authors argue that the price of vended
water is endogenous because price is determined by demand and supply factors. Due to
the fragmented nature of the water vending market, household decisions of water
demand are likely to influence its price. Even if free of charge, the collection of water

from non- piped sources usually involves costs for hauling water from distant sources.

Household size and composition: Arouna (2009) analysed households’ water use
behaviour as a function of water availability by explicitly estimating domestic water use
for both rainy and dry seasons when water is respectively in surplus and scarce.
Domestic water consumption will likely increase with household size, following
Keshavarzi et al., (2006) and Froukh (2001), both household size and composition affect
water use, and more over household size has been found to be the most important factor
affecting water consumption. In the analysis, household size and composition involve
the ratio of children to adults and gender of the household head respectively.

Time for fetching water: Time used for fetching water and efforts required to carry
heavy water buckets has an opportunity cost. This implies that the further away a source
is located from the house and the longer one must queue, the less water from the source

will be used (Gazzinelli et al., 1998). Sandiford et al., (1990) thus hypothesized that the
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time for fetching water (that is walking time plus waiting time) will be negatively

related to the quantity of water use.

Village population: In some areas, people mainly rely on public water sources, either
free or purchased. It is expected that per capita water use will decrease as the population
increases (UN-CSD, 1994). In some areas, people can only collect fixed quantities of
water in order to allow everybody to have at least a small quantity for basic use only. In
a larger population, a household member has to queue several times before obtaining the

desired quantity.

Weather variables: The change in weather variables poses risks to water security
through altered drought frequency and intensity thus changing water demand. These
potentially affect water availability for abstraction, storage and supply (Joanne, 2012).
Maidmat and Miaou (1986) suggested that rainfall has a dynamic effect on water
demand. It reduces water demand initially, but the effect diminishes over time.
Sometimes water users appear to respond to the mere occurrence of rainfall than its
amount, therefore, the number of rainy days should be a better explanatory variable than

the amount of rainfall in a given period (Martinez-Espineira, 2002b).

Water accessibility: It is expected that as with other economic goods, better
accessibility will positively affect the quantity of water consumption. Accessibility of
water supply points principally supplying adequate and quality water for the wellbeing

of human health. Sustainable access to improved and safe drinking water is one of the
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MDGs goals. USAID (2006) Ethiopian report estimates percentage coverage of water

supply at 40% while NGOs and WHO report the coverage as 22 %.

2.4.2 Determining actual drinking water demand

(i) The per capita use approach

The first stage is to determine the system's current 'per capita use' in m® per day per
capita. The following steps show how this is done, for the years between 2007 and 2012.
Each step will determine a different number that is entered into a table and spreadsheet,

“Water Usage for Small Systems” available on line at http://www.gadnr.org/cws/

1) How much water was withdrawn in 2007, expressed in m’ (annual average)? This
number will be referred to as “WD2007” in the calculations below. On the spreadsheet,
enter this number in Column ‘C’.

2) How much additional water was purchased or derived from other sources in 2007,
expressed in M (annual average)? This number will be referred to as “PD2007” in the
calculations below. On the spreadsheet, enter this number in Column ‘D’.

3) How much water was sold to other systems expressed in M (annual average)? This
will be referred to as “SD2007” in the calculations below. On the spreadsheet, enter this
number into Column ‘E’.

4) How much total system water (“TSW2007’) was used? It is the sum of WD2007
+PD2007 minus SD2007. This value is automatically calculated in column ‘F’ of the

spreadsheet.
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5) What is the population (POP2007) of your service area in 2007? Use the numbers
entered in Table 1.1. Residential population served (see part 3 above). Also, in the
spreadsheet “Water Usage Small Systems”, residual population served is entered in
Column ‘B’.

6) Determine your Per Capita Usage for the year 2007 (“PCU2007”). To do this, divide
Total System Water by Population for that year. That is, PCU2007 = TSW2007 /
POP2007. On the spreadsheet, this value is automatically calculated in Column ‘G’.

7) Repeat steps 1 through 5 using the actual numbers for the year 2012 and calculate
PCU2012.

8) Calculate the average Per Capita Use (PCU base) for 2007 and 2012 by adding them
and dividing by two. That is, PCU base = (PCU2007+ PCU2012) / 2. This is your
system’s current per capita use number. Enter this number in the first line of the table.
This value is automatically calculated in Column I, Row 14 of the spreadsheet (EPD,

2007).

(ii) The Goodrich approach

Goodrich formula: Peak water use estimation (Estimation of average daily rate
based on a maximum time frame)

The Goodrich formula (Robert, 2007) estimate maximum demand (expressed as daily
water demand based on time period for which maximum water demand is desired) for

community when given annual average per capita daily water use rates given as:
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P =180, t 10 e (D)

Where:
p = percentage of average annual rate (volume/day) use in period of time of interest.

t = length of period for which peak demand is required (valid time period — 2 hours

to 360 days).

(iii) The ¢ V n approach
Another approach is the “q root n” method (James, 2006) used to determine maximum
water demand for a number of houses and is adequate for the design of modern

distribution networks. This is expressed as:

QM= 0.083V I X TUROUSES  «vvveeeeeenenn e e e e e e, )

Where:
qMn= maximum instantaneous demand of n houses in I/s
n = the number of houses

TU = the number of tapping units house and

(0.083 = the capacity of 1 TU in 1/s (300 1/h)

The demand pattern of one house is much more erratical than the demand pattern of
1,000 houses. The pattern of one house will be a number of spikes over the day, while

the demand pattern of a cluster of houses will have a much smoother pattern. The
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method to determine the maximum demand for a number of houses is based on the
method used to determine the maximum demand for an in house installation. This is the

so-called qV n — method.

According to Jack (2011), water demands are currently based on three options: Standard
water use method, FAO crop requirements approach and direct method. Standard water
use method is the simplest case in which the user determines an appropriate activity
level such as persons, households, hectares of land for each disaggregated level and
multiplied by the annual water use rate for each activity. The FAO crop requirement
approach is typically used to represent agricultural demand nodes. This approach
assumes for every demand site, a set of simplified hydrological and agro-hydrological
processes such as precipitation, evapotranspiration and crop growth emphasizing
irrigation and rainfall agriculture. These processes are used to determine the irrigation
requirements for each demand site. With the direct method, water demands are directly
read from a monthly water use rates and inputted into WEAP (Water Evaluation and

Planning).

(iv)The water demand function

The water demand function is a single demand equation for water provided from a tap.
The approach assumes that there is no substitute available for water. The water demand
function for households is usually specified as an equation linking water consumption

(q), the dependent variable to water price (p) and a vector of demand shifters (x) for



38

example, household characteristics, weather conditions and house equipment, to control

heterogeneity of preferences and outside variables affecting water demand.

q=/(p,x)+u
Where:
q = quantity of water consumed
f = function
p = price
x = demand shifter
u = error term
The error term u is added to this relationship to account for unobservable or

measurement error in variables (Whittington, 2007).

2.4.3 Human and Livestock Water Demand

The per capita domestic water consumption in the rural areas is estimated as 20 litres per
day (MoWRD, 2002). This includes water for cooking, bathing and washing. Nearly all
the water resources used by livestock are also used by humans, even when visibly turbid
and polluted as in rivers, dams and pans. Livestock water demand was estimated based
on the drinking requirements of one Tropical Livestock Unit (TLU). According to the
Range Management Handbook (Republic of Kenya, 1994), one TLU is equivalent to
250 kg live weight. Thus, an average cow is about 0.9 to 1.0 TLU, while one cow is
equivalent to 10 goats or sheep in terms of water per day, because nearly all the animals

are crossbreeds and have average body weight. The total demand for human and
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livestock drinking water in Nyangores sub- catchment (Table 4.9) is 22,695 m’ per day.
This corresponds to about 8.3 million m® per year. It excludes water demand for
agriculture, pasture and commercial uses. These figures were derived by summing up
human and livestock water demands respectively. Human water demand was calculated
by multiplying the per capita requirement (60 litres) with the total population, while
livestock water demand was calculated using weighted values derive livestock
population in terms of TLU, and total TLU multiplied with daily water demand (also 50
litres), (Wairua, 2011). Some water sources are meant only for human consumption;
hence they have zero water demand for livestock. Livestock water demand in Nyangores
area is affected by long distances to water sources, immigration of pastoralists in dry
season, and emigration in the wet season. In most cases, the demand does not match
supply which is variable. It has caused a lot of conflicts over water and other resources,
especially during dry season, when demand outstrips supply (Biamah, 2004).

Apparently two — thirds of the water is utilized for livestock drinking.

Water is an important requirement to livestock as water forms about 50 to 80 per cent of
animal’s life weight and is an essential nutrient. A good supply of water both quality
and quantity is required for animals to maximize feed intake and production. According
to David (2006), livestock consume water based on the combination of kind and size of
animal, physiological state of animal, for example, lactating cows require an extra 0.8
litre of water per litre of milk while pregnant cows and growing animals require 30-50%

increase consumption of water. The type of diet and dry matter intake affects livestock
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water consumption as dry diets require more water than moist diets. Palatability and salt
content together with water temperature, water trough space and air temperature (as hot

days increase water consumption than cold days) affect water intake.

2.4.4 The distribution of water supply

Water availability is ensured by its reservoir; however, the distribution is a problem
since water demands have increased over time while the supply system has lost its
automatic function which has resulted in an on-request system. In most cases, water
users have no fixed time schedules for water supply and therefore, experience shortages
especially in times of high demands. According to Renate (2007), problems in
distribution of water are caused by timing and scheduling and not by too small
infrastructure capacities as the water users’ claim. The deficiencies of the system lead to
unclear, unequal and stressed water distribution. The basic of a modern distribution
network is intended to meet the actual water demand, self-cleaning velocities of 0.4 m/s

regularly in the network and the unidirectional flow.

The main characteristics of a modern distribution network are a branched system with
pipes with a relatively small diameter. In the design process, several steps can be
recognized such as to determine the water demand, arrange sections, compose main
structure, design sections, check pressure drops and fit in flows. The supply point is the
‘end’ of the distribution network as far as the water company is concerned. The water

meter is the last part of the connection and in unmetered situations; the stopcock is the
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last part of the connection. Then the actual house installation starts and that is where the
water is consumed. For calculation reasons, the pressure at the actual supply point
should be at least 200 kPa as the minimum acceptable pressure (Chin, 2000) when no
water is abstracted from the installation. Reason behind this is that the pressure at the
highest tap point is enough to overcome the hydraulic resistance of the house installation

and the tap point itself.

2.5 Factors affecting the rate of water demand and distribution

Many water supply schemes in rural areas are fairly basic; however, the patterns of
demand and distribution are more complicated and tend to be dependent on many
factors (Wallingford, 2003). Such factors include:

* Population;

* Household occupancy rate;

* Level of service of the water supply for each household;

* Tariff levels;

 Willingness and ability to pay;

* Local knowledge and indigenous practices;

* Cultural values, traditions and religious beliefs;

* Climate;

» Water quality.

The more important of these factors are discussed briefly below.
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2.5.1 Population

The growing population increases the demand of water for domestic use, food security
and industrial development. The population growth trend has resulted in reduction of per
capita water availability (UN-WATER, 2006). Water demand and use are directly
related to the population. However, in rural areas, it is often difficult to estimate the
population levels accurately due to lack of accurate and up-to-date census data; lack of
up-to-date aerial photography or remote sensing data from which to estimate the number
of settlements in an area and migratory labour with the male members of households
often working in urban areas for long periods of time (Wallingford, 2003). Population
growth and economic development have placed stress on water resources (Varma, 2010)
which has resulted in a decrease of per capita water availability. The international water
management group (UNFPA,2007) asserts that urbanization and industrialization which
commonly had high population densities has caused an adverse variability in quantity
and quality of water resources therefore retards the demand and distribution of water

(WRI, 2007).

2.5.2 Household occupancy rates and level of service

Household occupancy rates and level of service affect water demand and distribution.
Studies have shown that low rate occupancy households generally use more water per
head than higher rate occupancy ones. The level of service can be defined in terms of

water supply based on quantity and quality of water available within a given distance,
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sanitation in terms of whether there is a pit latrine, pour-flush latrine or piped sewerage

and a stipulated measure of reliability.

2.5.3. Tariff levels

Water is often viewed as primarily a social good. Many countries’ constitutions enshrine
the basic right of every citizen to a safe supply of water; however, water can also be
viewed as an economic good. In many circumstances, rural domestic water users have to
pay a tariff towards the cost of their water supply. In some cases, consumers are able to
choose the level of service for which they are willing to pay. Demand functions and
curves can be produced that are related to the following: quantity of water demanded;
price or tariff level of the water; price of other related goods or services; household
income and other socio-economic factors. The above variables are often known as

determinants of demand.

Many researchers agree that different levels of supply and different levels of service will
display different functions regarding demand. However, as a rule, water use will

generally increase as the level of service increases and decrease as tariff levels increase.

2.5.4 Climate variability
Drought is a recurring phenomenon and its impact on water resources is usually
devastating (Mati, 2005). Floods lead to disasters particularly in low-lying areas.

Occasionally floods have caused devastating impact on the sector. Both climate
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variability and environmental degradation have resulted into catchment degradation,
drying up of rivers, receding of lake levels, heavy siltation in dams and pans meant for
both hydropower generation and water supplies and deterioration of water quality (UN-
WATER, 2006). Since the 1970s, serious droughts have occurred e.g. in 1972, 1974/75,
1977, 1980, 1982, 1983/84, 1991/92, 1995/96, 1999/2000, 2004, 2006, 2009 and
recently in 2010/2011 (drought every 2 years). Crop failures occur in the same areas
prone to seasonal flooding. Floods also ravage many areas particularly Lake Victoria

region, Tana River, Garissa, Taita Taveta and Nairobi (Bancy, 2012).

2.6 Effectiveness of the current water use management strategies

The development and implementation of water use management strategies are aimed at
influencing water demand and distribution in order to achieve adequate level of water
consumption and maximum utilization of the finite resource (National Water Policy,

2006).

Water pricing: The price signals provide the information needed to allocate and
distribute water more effectively. The water pricing is a major instrument that can be
used to resolve inevitable trade-offs (Winpenny, 1994). It forms part of the broad effort
that strengthens water use governance and value long-term ecosystem services. Water
pricing ensures efficient utilization of water resources in order to achieve a high level of
cost recovery. Water conservation measures can be promoted by structuring the system
rates and charges to reflect the seasonal variation of water use, the cost of production

and distribution during peak hours (American Water Works Association, 2007).
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Metering: Water use metering is an essential element for efficiency and conservation
management of water resources (Kenny, 2005). Water metering is required for water
loss control, accounting and rate making (Perret, 2009). Inaccurate reading leads to
inaccurate information about water use and leak detections. Metering is a means of
achieving a diurnal demand management in terms of water waste control and detection
exercise. The aim is to manage water losses in the network within the economically
acceptable levels thereby making better use of the limited resource. Where a water
supply is fully metered, the consumption patterns of various categories of consumers
can be determined by monitoring the meter readings over a period of time (CMWSP,
1997). All water supplies experience water losses through leakage in the transmission
systems, illegal connections, faulty meters and wastage. In general, this is estimated at
20% of the total supply but poorly managed systems may experience losses even greater

than 50%.

Restrictions and prohibitions: Water use restrictions and prohibitions are part of
command and control tools. Water regulatory agencies and water service providers
establish restrictions and bans in water use during droughts for non-essential purposes
such as washing cars and watering flowers. Mandatory restrictions are shown to be an
effective tool for drought coping as saving measured in expected use per capita range
from 18-56% cent compared to 4-12% saving during periods of voluntary restrictions.

Mandatory restrictions are effective in reducing water consumption.
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Public information initiatives: The customer should understand the water bill which
clearly identifies use rates, charges and other pertinent water use information such as
home water conservation measures. The water bill provides contacts and phone numbers

to report leaks and waste and also proposes initiatives.

Water reuse and recycling: Gray water (waste water) from certain uses is treated and
filtered to remove solids are reused for specific purposes such as toilet flush or
redistributed for irrigation, helps to reduce water use requirements through efficiency

and conservation strategies, a core element of sustainable resource management.

2.7 Gaps identified in literature

Some of the gaps identified in the existing research literature especially the study of
Hoffman (2009) on Geospatial Mapping and Analysis of Water Availability, Demand
and Use within the Mara River Basin and the study of Alison (2004, 2009) on No
Water, No Life-Mara River Basin include challenges arising from low investment and
maintenances of existing water infrastructure as a factor of low access to quality water
demand and high network losses. Hoffman gave a general conclusion about the growing
water demand and unsustainable use of the natural resources without specifying the
level of household water demand and the actual population still living without access to
safe drinking water supply and how to manage the unsustainable use of the finite
resource. What is not clear in the literature is whether the deteriorating access of
improved water is the result of physical water shortage, infrastructural constraints,

mismanagement or inadequate human and institutional capabilities to tackle the
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situation. With a view to contributing to such knowledge this study aims to analyse and
determined the magnitude of household access to improved water demand and
distribution coverage, factors that contribute to deteriorating access to pipe water
demand and the effectiveness of the current water use management strategies. But
households’ level of awareness of the existing health risks associated with the use of
contaminated water, the preventive measures to improve the quality of drinking water

and the willingness to pay for improved water is beyond the scope of this study.
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CHAPTER THREE

MATERIALS AND METHODS

3.1 Introduction
This chapter gives an overview of the study area, the study design, population of the
study, sampling procedures, the sample, instrumentation, data collection, ethical

considerations, data preparation and analysis.

3.2 Study design

The study design was qualitative at which Survey research was used to provide numeric
description of opinion of population by studying a sample of 300 households using
questionnaires and structured interviews with the intent of generalizing from a sample to

a population.

3.3 The study area

The research study was carried out in the lower area of Nyangores sub-catchment of
Mara Basin of south west Mau in Bomet county, Kenya (Figure 3.1). It lies between
Latitudes 0°28'S and 1°02'S and Longitudes 35°14 E and 35°47 E. It covers an area of
696km”. Nyangores and Amala tributaries of Mara River are very important in
maintaining the base flow of the Mara mainstream and the only source of water for the
Maasai Mara Game Reserve in Kenya and Serengeti National Park in Tanzania.
Nyangores sub-catchment covers Bomet and Nakuru counties with a population of

225,458 people. The altitude within the sub-catchment ranges between 2,951m around



49

the source in the Mau Escarpment to 1,706m downstream in Kaboson. The lower
catchment has an average annual precipitation of between 1,000 and 1,750 mm and
temperature varies from 16° to 24’ (Bomet, 2010). The rainy seasons are bi-modal
with the long rains starting in the mid March to June with a peak in April, while the
short rains occur between September and December. The Nyangores River has two
tributaries, Chepkositonik and Ainop Ngetunyek and runs approximately 94 km before
joining Amalo River at Kaboson to form the main Mara River. The Nyangores River has

an average flow of 8.6m’/s (ILAO3, Bomet).

Crop farming remains the dominant economic activity to the majority of the population
despite the diversity in spatial extent and land use. About 62% of the households are
smallholder farmers (Aboud et al., 2002), with livestock rearing being a second
dominant activity, yet agriculture occupies about 28% of the available arable land. The
main crops are tea, maize, potatoes, beans, coffee and pyrethrum. Major rock types in
the area are dolomite and calcite and major soil type is cambisols with high porosity and
good water retention. The river has an average sediment load of 128 tonnes per day

(Kiragu, 2009).
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Figure 3.1: Location of Nyangores Basin in Kenya

Source: Nyangores Sub-catchment Management Plan (2011)
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3.4 Target population

The research population comprised human beings in urban and rural households and
villages within Silibwet, Bomet and Sigor regions in the lower part of Nyangores basin.
The target human population of 162,422 residences in 50,832 households (KNBS, 2010)
was sampled into 1,984 members of a study population and 300 households in rural and
urban areas who access pipe and other sources of water. The demographic and socio-
economic information includes household family size, sex, age, village, marital status,
educational levels and length of stay, occupation, land acquisition and land use

activities.

3.5 Sample size determination
The sample size for the study was based on the total number of households in the study
area which is 50,832 (Table 3.1) and was calculated using the following formula

adopted from Glenn (1992).

n=h/HxN
Where
n = Sample size for each sampling unit (to be determined)
h =number of households targeted in a sampling unit
H =total number of households in the study area

N =total number of households to be sampled
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Major Target Target Sample size Ave | Average | Averag
urban Populatio | Househo | Populati | Househol | rage | househol | e Land
centres n 1d on ds d size size
SILIBWET 59,555 18,509 727 110 47 3.21 4.6
BOMET 74,714 23,461 913 138 54 3.25 4.5
SIGOR 28,153 8,862 344 52 54 3.17 5.6
TOTAL 162,422 50,832 1,984 300 52 3.21 4.9

Source: Fieldwork, 2013

3.5.1 Sampling techniques

Selection of respondents was done through purposive sampling technique to get specific
rates of pipe water consumption from household family sizes of 3-5, 6-8 and above 9
(Table 3.2). 300 out of 50,832 households were picked and apportioned based on
Glenn’s formula into three sampling units (Table 3.1). The peri-urban and rural settings
were selected for the reason of comparing the phenomenal situations in each

geographical area as shown in Table 3.2 below.
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Table 3.2: Geographical areas for the study

Major Geographical Area
Urban
Centres Peri-urban | 3-5 6-8 >9 | Rural 3-5 6-8 >0

Silibwet Mogombet | 5.7 1.8 1.1 | Kapsoiyo 11.9 4.0 2.0

Bomet Ririk 8.0 3.0 1.2 | Kyokong 0.6 0.2 0.1
Sigor Oreiyet 10.0 33 1.8 | Kiplabotwa | 5.7 1.9 1.0
Av. Con. M"/mon. 7.9 2.7 1.4 6.1 2.0 1.0

Source: Fieldwork, 2013

3.6 Pilot study

A pilot study was carried out to ascertain that the questions were precise, understandable
and would give relevant information expected. During the pilot survey, ten households
were randomly picked for the interview from the study area based on the study variables
and the results are given in Table 3.4. The research objectives and the questionnaire

were revised after the pilot survey to capture the situation in the field.

3.7 Instruments for data collection
Structured questionnaire, interview schedules and documentary records were designed

and used to collect information and data for this study as described below:

Questionnaires
These were used to collect data from different households in the study area especially

concerning water distribution and demand. The questionnaires were designed to have
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both closed and open-ended questions covering areas like availability of water points
and whether water demand are always met or not. The questionnaires were administered
by the researcher so as to allow for verification of questions that may have not been so

easy to understand to some of the respondents.

Interview schedules

The researcher visited Sigor, the headquarters of Chepalungu District and interviewed
officials from the Ministry of Water and Irrigation on several issues that were of
concern to the study. This shed more light on the capacity of the government to supply
clean water to the residents of the study area. This was also important to enable the

researcher to verify some of the information received from other sources.

Documentary data

The records that contained the required information for the research were obtained from
government offices which included the report on the national housing and population
census of 2009, the statements on the water bills, meter readings from the Ministry of
Water and Irrigation, daily river discharge for the Nyangores River and climate data
from Bomet station (ILA03) and journals. The census report was important in
approximating the population of the area and hence demands for water as well as
projecting the future water demands by projecting the population. The bills statement
was important in the assessment of water management considering that metering is one

of the most effective ways of managing water resources.
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3.8 Validity and reliability of research instruments

Validity is the ability of the research instruments to collect the information that they
were meant to. The questionnaires and interview schedules were prepared with the
guidance of experts in the School of Pure and Applied Sciences, Kenyatta University.
This guaranteed the content validity of the instruments before they were used for data

collection in the field.

The researcher conducted two pilot studies that involved households that were not going
to participate in the actual study and the findings of the two studies were correlated
using Pearson’s Correlation Coefficient. The results yielded a coefficient of 0.85 which
was considered high enough and therefore, the questionnaires were adopted for use in
the study. Triangulation was also used to ensure that data collected from one source was
compared to the others to ensure consistency of the information that has been used in

writing the final report of the study.

3.9 Ethical considerations

The study collected some information from the respondents that may be considered
confidential but fit for public consumption. This included the family size of the
respondents and the information on water bills. This report, has therefore, been
compiled with great care and no identity of respondents has been directly referred to in
this report. The right of the respondents to privacy was put into consideration by not

asking them unnecessary information. The respondents also participated willingly in the
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study after they were made to understand the intentions of the study and the information

received has not and will not be used for any other purposes apart from this report.

3.10 Data processing and analysis procedures

Primary data collected from the field were edited, cleaned and coded to render data
usable for empirical analysis. The missing data and outliers have to be dealt with using
average method and median. This section describes how some economic variables were

processed.

Water quantities

The study revealed that households in Nyangores basin use multiple sources of water for
various household chores. Both improved and unimproved sources of water were
identified. A distinction was made between household access to these sources during dry
and rainy seasons. The quantities of water consumed by households and livestock in this
study are based on recall quantities consumed daily. Such quantities indicated could be
considered as estimates suggesting that these amounts could be overstated or
understated and therefore, subject to errors.

Water price

The price of water used in this study is based on the actual amount of money paid for
consuming a unit of water from pipe water sources and imputed prices based on the
opportunity cost of time spent in water collection by women and children on
unimproved water sources where no actual price per unit was associated to this. Because

of long walking distances to fetch water, time devoted to this activity is quite huge and
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must be accounted for because that time could be potentially devoted to income-
generating activities. Appropriate value was placed on household time spent on fetching
water. It was the quantity of improved water consumed per unit that was considered for

the analysis.

Handling of missing data
Missing data were a challenge in time series data. In some cases, replacements were
generated easily while others took time to resolve. One common practice was to replace

missing data with the mean or median of the variable in question.

Magnitude of water demand analysis

Data on household water consumption were obtained from the field by the respondents
who gave an estimate of water use by type of activity. Per capita water use and per
capita water demand across the 300 households were calculated to obtain the quantities
of water used by households in the basin. The mean water use and the mean water
demand were used to determine the magnitude of household water demand in the study
site. Water demand was also determined by the major water abstractors especially from
Bomet water supply station. They included schools, hospitals, irrigation projects and
domestic users that included livestock farming. Respondents were, therefore, required to
indicate their major water uses and this was taken as an approximate amount of water
required to meet their needs. The World Health Organization recommended an average
of 60 litres per individual person in a day and this was used to estimate the amount of

water required to satisfy the demands of water in the area (WHO, 2003).
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Population analysis

Data on the population of the study area were obtained from the district planning office
by analysing the national housing and population census report of 2009. The population
growth rate in the report was used to estimate the population of the study area in the
years subsequent to the time the census was conducted to date. This was done with the
assumption that the growth rates have remained the same since then. Additional
information was obtained from respondents in the study who were requested to indicate
the size of their families. This information was then tabulated and a graph of the

population trend obtained.

Income level analysis

Respondents in the study area were requested to indicate their average monthly earnings
in Kenya shillings. This information was considered important in determining the ability
of the residents of the study area to pay for water services. The data were coded and

analysed using frequency tables with the help of SPSS.

Water availability analysis

The residents in the study area were required to state their source of water which
informed the assessment of whether water is available to them or not. These sources
were tabulated and frequency tables produced to indicate which options they had to
access water. Additional information on the frequency of water pumping and the amount

supplied daily was obtained from Bomet Water Supply Station.
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Water Access Analysis

Access to water was determined by the distance walked by the residents to the nearest
water point. This was collected using the questionnaire coded and analysed with the
help of SPSS to produce frequency tables showing the distances walked by the residents
to the nearest water point. Descriptive statistics, particularly the mean, were used to get

the average distance walked and hence an estimation of time spent in fetching water.

River flow analysis

Data on the river flows were obtained from among the functional river gauging data
station within the sub-catchment, namely; (1LAO3) at Bomet. Data regarding the
amount of rainfall was obtained from a rainfall station at Bomet Water Supply Station
just adjacent. The data were later tabulated and analysed using descriptive statistics like

measures of central tendency.

Customer billing records analysis

Water consumption data obtained from customer billing records were tallied for various
categories of users. Water consumption subtotals were adjusted to account for
unmetered water use and water losses such as leakages and the results were aggregated
to determine total water demand and their respective costs in the sub-catchment. Water
production reports (Table 4.6) from Bomet Water Supply Station include monthly

information on metered water use and arrears as shown in Table 4.13.
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SWOT analysis

This review focused on challenges in terms of integrated use of Nyangores River and
conducted analysis of strengths, weaknesses, opportunities and threats (SWOT) based
on secondary data. The strengths include sharing of water, population that is well-
adapted to the environment, presence of political goodwill, strategic location of
Nyangores River, and peaceful co-existence of local communities. Weaknesses included
insufficient staffing position, inadequate capacity to analyse water resource information,
exclusion of the local knowledge of indigenous people, low adherence of water laws and
inadequate use of modern technology. Opportunities include more involvement of
NGOs, civil society and training opportunities. Among the threats are increased

population coupled with poverty and climate change (Table 4.18).

Table 3.3: Study variables

Variable name Definition

S1Q1 Average household size

S20Q2 Respondents occupation

S3Q3 Average household land holding

S4Q4 Average household livestock holding
S5Q5 Average distance to water source

S6Q7 Average water fetching time per month
S7Q8 Length of stay in years

S8Q14 Major sources of community drinking water
HWC Household water consumption
WUMS Water use management strategies
HPWC Household pipe water coverage
PCHIN Per capita household income

Rain Annual average rainfall

Runoff Annual average runoff

Source: Fieldwork, 2013
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Variable | Observation Mean Standard | Minimum | Maximum
deviation
S1Q1 10 3.21 1.7 1 7
S2Q2 10 42.75 28.9 2.2 83.3
S3Q3 10 4.9 1.7 0.1 6.05
S4Q4 10 3 1.2 2 10
S5Q5 10 2.5 0.9 1 4
S6Q7 10 1.0 0.6 0.5 2.0
S7Q8 10 46 273 0.5 90
S8Q14 10 82.7 59.4 2 152
HWC 10 55.87 12.6 20 60
WUMS 10 333 17.5 10 70
HPWC 10 22.09 04 21.8 22.74
PCHIN 10 2735 3510.3 470 10040
Rain 10 51.90 26.8 13 78.04
Runoff 10 21.97 6.6 16.4 33.03

Source: Fieldwork, 2013
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CHAPTER FOUR
RESULTS AND DISCUSSIONS

4.1 Introduction

This chapter presents results of the analysis based on quantitative statistical techniques,
indicated and presented in tables, figures, graphs and charts. Answers to research
questions and objectives are sought through descriptive analysis of household socio-
economic and demographic characteristics, alternative water resources and quantity of
water demand and supply. The magnitude of household water demand and distribution
in Nyangores basin is discussed and the key factors that influence the rate of water
demand and the effectiveness of the current water use management strategies in regard
to water consumption, accessibility and costs are explained. The analysis was done on
the basis of study objectives and research questions. This chapter further provides a
discussion on the study variables and their implication on household water demand,
distribution and management. The interpreted data analysis results become the findings

of the research study.

4.2 Pilot study

The results of pilot study and the actual study were significantly related. During the pilot
study average family size was 3.21, average distance to water source was 2.5 km and
average water fetching time was 0.99 hours while during the actual study average family
was 3.21, average distance to water source was 2.0 km and average water fetching time

was 1 hour. Per capita household water consumption during pilot study was 55.87 m®'d
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while actual study was 60 m’ 'd. Therefore the questions were proved precise and will

generate relevant information for the study.

4.3 Magnitude of household water demand

The mean annual water use, percentages, averages and daily per capita water
consumption are the major measures that demonstrate the feasibility of water demand
for specific purposes between different households and provide answers to many long
standing questions on how much and where water is used in the rural and urban settings
of the entire Nyangores basin. This is discussed under five major variables of water
availability status (Table 4.1), household socio-economic Table 4.4), demographic
characteristics (Table 4.7), income levels and preferably major water abstractors and the

price of water (Table 4.8).

4.3.1 Water availability status

The macro- level data indicates that Nyangores sub-catchment is abundant in
unimproved water resources (Table 4.3). However, occasional water scarcities
especially in dry seasons have become an always existing problem. This implied the
need for a disaggregated analysis to show seasonal and spatial variations in water
availability by rural and peri-urban households. This is partly contributed by insufficient
water supply points at the community level and high connection costs in household
piped water distribution. Considerable walking distances to fetch water are evidence to

difficult water accessibility and thus hindrance to meet household water demand. Many
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households, therefore, depend on multiple water sources for multiple uses. In rural

areas, most of the water used was from unimproved sources whose level of quality is

uncertain (Table 4.1).

Table 4.1: Percentage of household’s water availability per source per season

Piped Boreholes Wells River Others
Wet Dry | Wet Dry Wet | Dry Wet Dry Wet Dry
48% [59% | 14% |02% |89% |33% |27.8% |56.4% |45.1% |46.3%

Source: (Alison, 2004)

Among the people interviewed, 70% hauled water from rivers and other sources mainly

dams, ponds and rain water harvesting. Long distances commuted to water source and

time devoted to this activity are quite huge and must be accounted for because that time

could be apportioned to income-generating activities. Appropriate value is placed on

household time spent on water fetching (Table 4.2).

Table 4.2: Average time (hours) spent daily per household collecting water

Geographical Season Number of respondents Average time
region (hours)
Peri Urban Rainy 100 0.17
Dry 100 0.83
Rural Rainy 200 0.97
Dry 200 2.0

Source: Fieldwork, 2013

Water containers having an average capacity of 20 litres are used by women and 10 litre

containers by children to carry water thrice a day in the morning, during mid-day and

also in the evening hours from source to household. The variation in time taken to
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collect water in urban and rural households was noted, and it emerged that urban
households have access to pipe water connection within the homesteads while rural
households collect water from distant sources. Respondents’ information further
revealed that households devote about 0.99 hours per trip to collect water from available
sources. In the context of water collections rural households may not value this time
because it is an integral part of their daily activities that must be done at all costs with
little option available to them. The upper part of Nyangores catchment is endowed with
plenty of rainfall while the lower part experienced semi-arid conditions. This, therefore,
creates a suitable condition for rainwater harvesting at the upper catchment and
development of water pans in the lower part. Boreholes and shallow wells are mainly
used in the mid and lower parts of the catchment. As the demand for water increases,
there is need to increase water storage facilities to meet household access to improved
water demand. The observed number of alternative water sources and their percentage
coverage as shown in Table 4.3 indicates that there is need to protect more springs in the
mid and lower catchments. Rainwater harvesting at household level is not widely

practiced.

Table 4.3: Alternative water resources in Nyangores basin

Water resource Estimate number | Percentage coverage
Unprotected springs 1500 75

Protected springs 23 1.15

Pans 13 0.65
Dams 4 0.2
Boreholes 2 0.1
Roof catchments 58 2.9

Source: Fieldwork, 2013



66

From observation and survey (Table 4.3), Nyangores sub catchment had limited rain
water harvesting due to lack of rain water harvesting structure. The main cause to this
problem is low income levels (Figure 4.4) and lack of awareness on existing rain water

harvesting technologies.

4.3.2 Household socio-economic and demographic characteristics

In small urban areas, the socio-economic factors such as persons per household,
monthly income of households, number of years of education of household head and the
household potable water show statistical relationship with household per capita water

use.

Household composition and major characteristics

This study conducted a household survey that covered 1,984 persons living in 300
households. The proportion of males to females was almost equal indicating gender
balance in the sample (Table 4.4). Based on age structure, the economically active
population aged between 18 to 49 years being the dominant group representing 44.4 %
of the population. The adolescent age group of 5 to 17 years represents 34.6 % of the

population and 50 to 60 years is 3.6 % who are less active.

The level of education in Nyangores basin is low. Those without formal or informal
education are about 42.9 %. Approximately, 13.6 % have secondary education and 1.4%

has tertiary education (Table 4.4). Christianity is the dominant religion representing
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65.8% of the study population and adherence to traditional religion constitutes 20.2%

with 0.4% Islamic religious belief and 12.3% non-religious households (Table 4.4).

Table 4.4: Household Socio-Economic Characteristics

Variable Mean/frequency
Population sample 1984
Mean family size 3.2
Sex (%) %
Female 50.4
Male 49.6%
Age composition (%) %
Less than 4 years 17.4
5to 17 years 34.6
18 to 49 years 44.4
50 to 60 years 3.6
Marital status (%) %
Married 353
Divorced 1.5
Separated 0.9
Widow/widower 3.8
Single 58.5
Education %
Non Formal 42.9
Elementary 18.8
Secondary school 13.6
Vocational 0.8
Tertiary 1.4
Still in school 19.6
Others 2.9
Religion %
Christian 65.8
Traditional 20.2
Non Religion 12.3
Islamic 0.4
Others 1.3

Source: Fieldwork, 2013
Socio-economic factors are significantly related to per capita water use. The quantity of

water consumed depends on household characteristics. Household size determined the
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magnitude of actual water consumption in litres per capita per day (l/c/d) (Table 4.5).
The calculated mean household family size of 3.2 persons (Table 4.4) with a mean water
consumption of 55.8 litres of water per day and a standard deviation of 12.6. Table 3.4
indicates a wider variation in the rate of household water use, meaning that the

magnitude of water use in each household significantly changes from season to season.

Table 4.5: Average household per capita water use in litres per season per day

Region Households Quantity use l/s/d Per capita I/s/d
Av/ Hs| Hs/sam | Pop/sam |  Wet Dry Wet Dry

Silibwet 3.21 110 727 | 42,602.2 | 36,131.9 58.6 49.7

Bomet 3.25 138 913 | 56,606 | 43,824 56.0 48.0

Sigor 3.17 52 344 | 20,812 18,920 60.5 55.0

Total 9.63 300 1984 | 120,020 | 98,875.9 175.1 152.7

Average | 3.21 100 661 | 40,006.7 | 32,958.6 58.4 50.9

Source: Fieldwork 2013

Household size positively affects both free and purchased water demand. This implies
that the larger the household, the greater is water consumption. These results show that
water consumption increases with household size meaning the larger the household, the
lower the per capita water consumption. Average per capita water use is higher in wet
season than in dry season which is positively related to the availability of the resource.
Furthermore, only a few people can afford the higher cost associated with fetching water
in the dry season. Well-off households may afford to travel long distances e.g. using
transport means such as motorcycles to fetch water and this implies that poverty has a
negative effect on water use. Annual per capita domestic water consumption for the

period 2000 to 2012 was calculated for each year and the mean annual per capita water
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use was 0.2884m’/ year which is equivalent to 288.4 litres per capita per year (I/c/y)

(Table 4.6).

Table 4.6: Annual per capita domestic pipe water use

Year | Population | Water use (M) | Per capita water | Water supply | UfW %
use (m’/y) (M)

2000 120,328 33,880 0.28 66,600 49.13
2001 123,836 33,880 0.27 66,600 49.13
2002 127,334 33,880 0.26 66,600 49.13
2003 130,851 33,880 0.25 66,600 49.13
2004 134,336 32,145 0.24 65,510 50.93
2005 137,826 31,877 0.23 64,400 50.50
2006 141,305 31,261 0.22 65,510 52.28
2007 144,805 43,684 0.3 108,000 59.55
2008 148,264 46,218 0.31 110,005 57.98
2009 151,804 44,745 0.29 105,900 57.74
2010 155,182 43,202 0.28 103,250 58.15
2011 158,883 65,038 0.41 154,800 57.98
2012 162,422 66,624 0.41 156,600 57.45
Total 540,314 3.75 113,4865 |  699.08

Mean 41,562.615 0.2884 87,297.308 53.77

Source: Bomet Water Supply, (2013)

The low per capita domestic pipe water use implies that the water demand is not met

due to availability of unimproved alternative water sources which are not regulated and

therefore, difficult to quantify. The result also shows that rising population has led to a

proportionate decrease in per capita water consumption, a reflection that water scarcity

is being experienced. The quantity of water consumed per year is less than the quantity

supplied for the same population showing that large amount of water is lost an

implication that water unaccounted for is high and may be due to commercial losses

such as illegal connections, unbilled customers and wastage on unmetered customer’s

premises (Table 4.16) as well as to technical losses due to leakage. Unaccounted for
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water (UfW) continue to remain high at an average of 53.77% which is beyond an

acceptable benchmark of 25% (Table 4.6).

Demographic characteristics

The average household age is 52 years and the age cohort 18 to 59 years (44.4%) is
economically active. Majority of household heads of 42.9 % have no formal education
and male-headed households constitute 35.3%. Average net household size is 3.21
persons per household (Table 4.4) with more adults than children. The water use with
variables such as number of persons per household, monthly income of households and
educational level of household head show strong statistical relationship with household
per capita water use. High values of standard deviation indicate a wide variation in

demographic characteristics which affect the rate of water use.

Table 4.7: Household demographic characteristics

Variable Observation | Mean Std Mini Max

.deviation
Total households 300 5.28 2.50 1 23
Net household size 300 3.19 2.22 1 23
No.of females 300 2.86 1.70 0 22
No.of males 300 2.81 1.57 0 12
Babies <6 years 300 0.72 0.81 0 5
Children 6-17 years 300 1.67 1.80 0 8
Adults > =18 years 300 3.24 1.91 1 18
Sex 300 1.08 0.24 1 2
Age 300 30.48 9.05 15 100
Formal education 295 3.05 3.20 0 10
(yrs.)

Source: Fieldwork, 2013
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Household income sources and employment

Majority of household heads are employed in the agricultural sector which constitutes
70.5% of their income sources. Non-agricultural income sources include sale of bricks,
teaching and rendering of other services such as car wash generate additional income for
households 29.5% (Table 4.8). Income and the number of persons per household are

statistically significant determinants of household water consumption.

Table 4.8: Mean annual household income

Source of income | Observation | Mean | Std.Dev. | Mini. | Max. | %(per)
Rural
Non —agricultural 150 1.8 2.7 0.02 65.0 29.5
Agricultural 150 43 63| 001] 113.0 70.5
Total Income 300 6.1 9.0 0.03| 178.0 100
Peri-urban
Non-agricultural 150 5.2 48| 0.03 112 94.9
Agricultural 150 0.8 1.3 0.01 6.0 5.1
Total income 300 6.0 6.1 0.04| 118.0 100

Source: Fieldwork, 2013

Agricultural activities contribute 70.5% to household income while the remaining
29.5% comes from non-agricultural sources in the rural area indicating the importance
of agriculture in the rural economy. It is also observed that 94.9% of household income
in peri-urban area comes from non-agricultural activities while agricultural activities

contribute 5.1% showing that agricultural sources least contribute to household income
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in urban economy. Sources of non-agricultural income include brick-making, car wash,

teaching and entrepreneurship.

Major water abstractors

The magnitude of water demand and distribution in Nyangores sub-catchment was
determined using the following major water abstractors with their respective water
quantity consumption per day, domestic water use 18000m’, learning institutions use
140m’ , dispensaries consumes 55m’ , livestock 4,500m3 , irrigation 24,000m3 and
industrial/ commercial 5,000m’ (Table 4.9). The analysis indicated that the quantity of
domestic water consumed depends on household characteristics like family size, and
gender composition. A majority of the respondents indicated that water is used for
domestic (34.8 %), livestock (8.7 %) and irrigation (46.43%) as shown in Table 4.9.
This can be explained by the fact that the proposed irrigation will only be done by large-
scale horticulture projects in the study area while the rest are practicing rain-fed
agriculture mainly on small scale. Regardless of the season, a lot of water is used in
households for bathing, dish washing, cooking and general cleanliness. However, a
majority of people wash their clothes from the river as seen in plate 4.5. Similarly,
livestock in the area are mainly watered at the river which also supplies water for other
domestic functions. Other major water abstractors in the study area are schools,

hospitals, irrigation projects and commercial enterprises (Table 4.9).
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Table 4.9: Major water abstractors in Nyangores sub-catchment

Water use Number Rate Estimated %
Qty

Domestic 300,000 60 liters/c/day 18,000
34.8

5 secondary schools | 400 students | 50litres/c/day 100
0.19

10 primary schools 800 pupils 5 liters/c/day 40
0.08

Dispensaries 11 5,000litres/day 55
0.1

Livestock 0.3 LU per 50litres/LU/day 4,500
capita 8.7

Irrigation 300 ha 24,000
46.43

Industrial/commercial 5,000
9.7
Total 51,695 100

Source: Fieldwork, 2013

There are no large scale irrigation farms or major industries along the study area; hence

the amount of water that goes into these sectors is limited.

4.4 Key factors that influence the rate of water demand

The key factors that influence the rate of water demand in the study area were
ascertained using the following determinants: population growth, family size and land
use activities, price of water, household income levels, climate change, water
accessibility and availability. The information is presented in form of tables, charts,

graphs and plates.
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4.4.1 Population growth

A comprehensive water demand and distribution begins with evaluating the areas’
historical population trends and projected growth patterns. According to data from the
national housing and population census report of 2009, the study area had a population
of 155,182 with a population growth rate of 2.3 per cent. If this growth rate is sustained,
the population was approximately 162,422 by the end of 2012 and is projected to

increase to 194,851 by the year 2020. This is shown in Figure 4.1.
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Figure 4.1: Annual population increase

Population is and will remain a major determinant of water demand and a major
consideration of any water supply system. If every member of any household uses an
average of 60 litres of water daily, then the current water demand by the human
population alone is approximately 9,745 m’ per day but this may change with the

climatic conditions and modern lifestyles. This demand is likely to increase to 116,922
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m’ daily by the year 2020. Due to population growth, it has been estimated that by the
year 2025, Kenya’s per capita water availability will be 235 cubic meters per year, about

two thirds less than the current 650 cubic meters (World Bank, 2010).

The study respondents were majorly people who have been in the area for long enough
and are in a position to give a true and clear position of water demand and supply in the
area. About 1.6% of the respondents have lived in the area for 20 to 30 years, 54.9% for
31 to 40 years, 21.9% for 41 to 50 years while 15.6% of them have lived there for 51 to

60 years and 6.0% for over 61 years (Table 4.10).

Table 4.10: Respondents’ duration of stay in years

Duration of stay in years Percentage
Between 20 — 30 years 1.6
Between 31 — 40 years 54.9
Between 41 — 50 years 21.9
Between 51 — 60 years 15.6
Over 61 years 6.0

4.4.2 Family size

The respondents were also required to provide information on the size of their families
and the findings indicate that a majority of the households have between 3 and 6
members at 61.1 percent. These findings replicate those of the national housing and
population census report that put the average family size at five members. These

findings are shown in Figure 4.2.



76

FAMILY SIZE

40

30—
-
c
]
2
@ 20
o

10—

o I T T T T T

BETW 1 AMD 2 BETW 3 AND 4 BETW SAND & BETW 7 AND 8 ABOVE B
FAMILY SIZE

Figure 4.2: Family size

Pipe water use rates varied significantly from one household to another depending on
household family sizes of 3-5, 6-8 and above 9 in urban and rural set up (Table 3.2).
Family size influences water consumption as there is a household water demand of
38.1% per month according to the study (Table 4.13) and an average water consumption
of 60 liters per day per household (Table 4.9) which is in line with UN water

consumption per day.

4.4.3 Land use activities
The major land use types in Nyangores sub-basin are forest, mixed farming, bush land,
water, cropland and livestock. The existing land use -based water demand

characteristics in the study area include irrigation, livestock, residential, institutions
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commercial and industrial. Crop farming remains a dominant economic activity in the
study area. A majority of the residents are small scale farmers that rely on rainfall with

very little irrigation being practiced.

According to USAID (2011), up to 62% of the residents are small-scale farmers
compared to 86.6% of the respondents who indicated that they were farmers. The
increase should not be misconstrued to mean profitability of farming in the region even
though the land is fertile. Any agricultural activity dependent on the vagaries of the

weather is likely to be unprofitable (Osei, 2004).

The dependency of majority of the rural population on agriculture for their livelihoods
suggests the lack of opportunities in the non-agricultural sectors and the absence of an
enabling environment necessary for agricultural and rural development. The high
dependency on agriculture may not be very healthy for the sub-catchment. High
population increase is already pushing residents to clear more land for agriculture and
pasture. The sub-catchment management plan indicates that land use change and the
intensification of human activities both at the catchment and local levels have a great
influence on the rate of water demand and remain a major challenge to the ecology of

the Nyangores River.

Longitudinal changes in water quality parameters and nutrient levels are already clear.
Increased sediment levels are likely to reduce primary production and reduce benthic

and spawning habitats for macro invertebrates and fish (Minaya, 2010). Increasing



78

nitrogen and phosphorous levels could lead to declining dissolved oxygen in the water,
with negative impacts on aquatic organisms. High nutrient levels will also lead to water
fouling which will make it unfit for human use. The findings show that the major soil
types in the area are the cambisols which are characterized by structural stability, high
porosity, good water retention and moderate to high fertility, all of which make them

suitable for agricultural activities evidenced by plates 4.1 and 4.2.

Plate 4.1: Sorghum growing in Sigor Division along Nyangores sub-catchment

Source: Author, 2013

Livestock farming is the second major agricultural activity in the study area. Averagely,

every household has 4 animals mainly cows, goats and donkeys.
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Table 4.11: Ownership of cows in Nyangores sub-catchment

Range| Frequenc| Percent Valid| Cumulative
y Percent Percent
<2 66 29.5 314 314
3-4 91 40.6 43.4 74.8
5-6 33 14.7 15.7 90.5
7-8 18 8.0 8.5 99.0
>8 2 9 1.0 100.0
Total 210 93.7 100.0
Missing System 14 6.3
Total 224 100.0

Source: Fieldwork, 2013

Daily water requirements for various livestock are shown in Table 4.12

Table 4.12: Estimated average daily water consumption for livestock

Type of animal Description Litres per day
BEEF

Lactating cow 520kg 454
Dry cow 520kg 37.8
Calf 112.5kg 11.3
Feeder-growing 180-360kg 24-36
Feeder- finishing 270-540kg 34.1
Bul e 454
DAIRY

Milking Friesian (Holstein) 136.2
Dry cow Friesian( Holstein) 45.4
Calf 247.5kg 13.2
SHEEP AND GOATS

Ewe/ Doe 9.5
Milking ewe/ doe 13.2
Feeder lamb/ kid 7.6
POULTRY

Broiler Per 100 15.9
Roaster/ pullet Per 100 18.2
Layers Per 100 24.6
Breeder Per 100 32.2

Source: Livestock watering fact sheet (2006)
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Intensive agriculture in the upper part of Nyangores River has led to high discharge of

nutrients especially nitrogen and phosphorus into the river leading to water fouling as

shown below (Plate 4.2).

Plate 4.2: Intensified agricultural activities in upper Nyangores River

Source: Veronica, 2010

Generally, intensive mixed farming on small scale level is common. However, other
activities in the region include brick making, quarrying and some are employed mainly

as teachers and in the health sector.



81

4.4.4 Customer billing records

Customer billing reports for 2012 were obtained from water supply units in Bomet and
Silibwet water projects. The data list included monthly billed water use by customer
category. An analysis of the data shows that the institutional, commercial and industrial
uses are stabilized. Water use by customer category is shown in Table 4.13. By
computing the percentage total of water use, it is seen that irrigation is the major water
demand sector with 50.9 % followed by households with 38.1 %. The expansion of
piped water supply has been quite slow for some time as out of the 696 square
kilometers in the study area, only 36.9% has been covered with piped water system
since 2003. This, according to the water officials, is mainly due to non-payment of
water bills which as at January 2013, stood at shillings 4,171,949. The arrears are said to
be increasing at a rate of 18.3% every four months, approximately 4% every month.
This denies the supply company capital to run its daily activities and even maintain the
system or even expand it. This may also be attributed to the fact that the residents have
several other sources of water mainly river Nyangores and the numerous springs in the

arca.
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Table 4.13: Water bill - February 2013

Customer | Water sup | Water % Conn | Unit | Monthl | Monthly
m’/ demand | water | ectio | cost/ | y water arrears
month m’/ dema | ns | (M%) | bill (SH.)
month nd (SH)
6,070 540,000 38.1 90 | 33.3| 202131 2,977,697
Households 6 0
Irrigation Nil 720,000 50.9 Nil | Nil Nil Nil
Industrial Nil 4,230 0.3 2] 333 Nil Nil
1 0
Commercia 74 5,160 0.4 1] 333 96,440
1 1 0 2,464
Institutional 195 11,460 0.8 2| 333 6,494 1,097,812
3 0
Livestock Nil 135,000 9.5 nil nil
Nil | Nil
TOTAL 6,339 | 141,5850 | 100% 33.3| 211,08 | 4,171,949
961 0 9

Source: Fieldwork 2013

4.4.5 Income levels

The study also sought to find out the income level of the respondents and their responses

are shown below.
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Figure 4.3: Respondents’ income levels
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Majority of them earn between 2,001 and 5,000 shillings a month. Considering that a
higher percentage of them are farmers and may not quantify their farming output in
monetary terms, these are not to be considered poor. This consideration is important
especially in determining whether or not they are capable of paying for water and

sanitation services.

4.4.6 Climate change
The study area receives plenty of rainfall annually except for short dry spells between

January and April. This is shown in Figure 4.4.
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Figure 4.4: Average annual rainfall patterns — Nyangores basin

This rain water if harvested and stored properly could be of great importance to the
people of the study area and they could not be experiencing water shortages. However,

when asked if they have ever experienced any water shortage, all respondents confirmed
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that indeed at one time or another, they have experienced shortage of water. This is
mainly due to drought as shown in Figure (4.5). Residents of the area also blame the
high demand and inadequate supply of water as other major causes of water shortage.
This should not be the case though in a place that receives so much rainfall; measures

should be put in place to harvest rain water and store it for use during the dry seasons.
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Figure 4.5: Determinants of water shortage

4.4.7 Water accessibility

Water is a basic human right and access to it should be a basic human right as well. The
right of access to water resources is enshrined in the National Constitution and in
the Water Act 2002. Access to water is an equally important factor in demand for
water. Timely and easy access to water should be considered as a basic right that should

be guaranteed for all. The study, therefore, sought to find out the average walking
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distance to the nearest water point for every household and the findings are shown in

Table 4.14 and Fig. 4.6).

Table 4.14: Percentage of households with access to water source by distance and

season

Less than 1km 2km Above 2km 3-4km Above 4km

Dry Wet Dry Wet |  Dry Wet Dry Wet | Dry Wet

41% | 4.2% |479% | 70.8% | 16% 10% | 8.3% 2% | 4.2% 0.3%

Source: Fieldwork, 2013

B 1KM
m2KM
B ABOVE 2KM

B 3-4 KM

Figure 4.6: Average household walking distance to nearest portable water point

The results indicate that 4.1% of household’s access water from less than 1km during
the dry seasons compared to 4.2% during the wet seasons. The percentage of households

accessing water within 2-3 km during the dry and wet season is 16% and 10%
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respectively. However, households that access water within 3-4 km during the dry and
wet seasons accounts for 8.3% and 2% respectively. Majority of households (47.9% and
70.8%) in Nyangores basin spend less than one hour to get water during the dry and wet
seasons respectively with an average walking distance of 2 km. Given the average
family size of five and some livestock that need water daily, then a lot of time could be
used to get enough water for a family in a day. Majority of the respondents fetch water
in the morning and in the evening and with a water point density of 400 persons, this
time may be more. If this time is quantified economically, the population in the study
area could be wasting valuable time that can be utilized in alternative economically
viable activities. Time spent on fetching water can be used to do business, clean the
house, work in the farm or even take care of the livestock. If time is thought of as an
economic resource and even quantified in monetary terms, then inaccessibility to water

can be a cause of poverty and other social problems.

According to the respondents, inadequate water can be associated with poverty, food
shortage, waste of time and poor health. One of the respondents was quick to comment
that “during dry periods, we have to walk for long distances to get clean water and even
what we get is not so clean and so we get water-borne diseases on which we spend a lot
of money to treat.” The most affected are women and children who traditionally are
charged with the role of fetching water. It is even worse that at times, school going
children have to take part of their school time to fetch water for their families and some

don’t even attend school as they take responsibilities in their families early in life. The
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catchment area is at risk of being trapped in poverty due to low investment in human
capital. UNFPA (2003) notes that stabilizing global population at a level that will permit
the achievement of sustainable development will be attainable only if efforts to expand
and improve the quality of reproductive health programmes are maintained, and only if
these are combined with greater empowerment of women and increased investments in
human capital, particularly in the education of girls. This may not be the case for
Nyangores sub-catchment as an area if girls are to continue doing the traditional roles of
taking care of young siblings and fetching water even during school times as seen in the
Plates 4.3 and 4.4 respectively. Long distances and time taken by women and children to

haul water from various water sources reduce household water consumption and has a

negative impact on water demand.

Plate 4.3: School children fetching water from unprotected spring within
Nyangores basin

Source: Author, 2013
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Plate 4.4: Hauling water by school going children and women in Nyangores River

Source: Author, 2013

The quality of water the residents of the area get is an equally important consideration.
Access to clean water is important for human health, not only in the study area but the
whole of humanity. Contaminated water is a source of diseases and is associated with
pregnancy failures. Water from protected springs and piped water are considered to be
safest options. However, only 36% of the respondents have access to piped water and
the rest get their water from the river or springs which in most cases are unprotected

(Table 4.15 and Plate 4.5).
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Table 4.15: Sources of water

Source of water Valid| Cumulative
Frequency| Percent Percent Percent
Valid  SPRING 82 36.6 39.0 39.0
RIVER 53 23.7 25.2 64.2
PIPPED 75 33.5 35.8 100.0
WATER
Total 210 93.8 100.0
Missing System 14 6.3
Total 224 100.0

Source: Fieldwork, 2013

Plate 4.5: Effects of human activities on water quality along Nyangores Stream

Source: Author, 2013

The piped water supply currently covers 5.3 per cent of the study area and its expansion
has been quite slow for some time now. Out of the 696 square kilometers in the study

area, only 36.9 have been covered by piped water system since 2003. This gives an
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average of 0.4 square kilometers per year. This, according to the water officials, is
contributed mainly by non-payment of water bills which as at January 2013, stood at
shillings 4,171,949. The spatial distribution of piped water is shown in Figure (4.7). The
municipal water distribution systems represent a major portion of the investment in
urban infrastructure. The goal is to design water distribution systems to deliver potable
water over spatially extensive areas in required quantities under satisfactory pressure.

Cost-effectiveness and reliability in system design are also important.
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Figure 4.7: Piped water distribution network

Source: Fieldwork, 2013
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Water fetched from rivers may not be of good quality considering that the river serves
many purposes. The most affected groups are those in the downstream, who have to
fetch contaminated water. Contamination may be as a result of farm chemicals like
fertilizers, animal waste having in mind that most livestock farmers water their livestock

directly from the river or even from people washing clothes, a few meters from the point

where others are fetching domestic water.

Plate 4.6: Nyangores River supports a wider range of human activities

Source: Author, 2013
Surface water sources are unsafe because of their potential for contamination with

human activities.
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Figure 4.8: Nyangores River flow trend

The available river flows are important considerations for planners in determining
among other things the water quality management strategies. Data obtained from the
river gauging station at Bomet indicate a general decline in the amount of water flowing
daily in the river. This is even worse during the dry periods of the year when more water
is drawn to support agriculture. However, at an average flow of 16.7 m3 /y, this is
adequate to serve the needs of the sub-catchment population in the present but as a
resource use practices change, coupled with population increase, this may change for
worse in the future and measures have to be put in place to manage such a challenge.

Figure 4.8 shows the average annual river flows for the period 2005-2012.
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4.5 The Effectiveness of the current water use management strategies

The applicability and effectiveness of current water use management strategies was
calculated based on the perception of respondents interviewed during field study. A total
of 290 household respondents generate information on applicability and effectiveness of
9 water use management strategies. The percentage frequencies are given in table 4.15

and 4.16 respectively.

Water is an important life sustaining resource necessary for economic development and
general wellbeing of the society. It is, therefore, in the best interests of every member of
the community that it be used efficiently to serve the interests of all indiscriminately. It
is for this reason that the study sought to establish the strategies currently being

employed by the community in the study area to manage this very important resource.

4.5.1 Permits

The officer in charge at Sigor observed that since the area has sufficient water for the
moment, there have not been very strict rules imposed on the amount of water drawn by
an individual or groups from the river. However, large water consumers abstract water
by permits. These permits are processed at the WRMA-LVSCA regional and sub-
regional in Kisumu and Kericho respectively. Large water abstractors include water
supply units, institutions, hospitals, factories and irrigation projects. Among them are
Bomet water Supply, Tenwek Mission Hospital, Tenwek, Mogombet Water
supply, Tirgaga Tea Factory, Ndaraweta Secondary School, Kaboson Mission,

Kaboson secondary school, Chepalungu Water Supply, Sigor water supply, Chebara
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irrigation project , Kaboson irrigation project and Tumoi Community water supply.
They get their right to abstract water by permits. The consumers who use buckets

without application of pumps do not need abstraction permits.

4.5.2 Rationing

Water service providers like Bomet water supply, Sigor, Chepalungu and Silibwet use
water rationing as a tool to manage water use. Those served by the company noted that
“we have to discipline ourselves because we are aware that water will only be available
to us at certain times, we therefore use water for the basic needs only and this reduces
wastage”. The officer in charge of Sigor water supply observed that they have a
schedule assigned to every line from Monday to Sunday. Rationing, according to him, is
set for effective supply of the demanded volume of water to every zone. At Sigor, for
example, low lift water pumps receives 50 m’ in 24 hours while high lift receives 75 m’,

11 hours per night.

4.5.3 Community involvement

Members of staff in the water supply companies have made available their mobile phone
numbers to the public in their respective areas of work. This has helped them to quickly
get information on leakages in the pipeline or even pipe bursts whenever they occur.
This has not only improved service delivery and customer relations; it has improved on

the flow of water and reduced losses incurred. Community provides unskilled labour
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and locally available materials in the integration of community water resource

management.

4.5.4 Sensitization on effective use of water

Workshops in schools and churches by water officials are the major means of public
education being used in the study area. Such sensitization events are also done by water
supply staff at market places in their respective areas of operation. Among the topics
covered in the public education forums are water use management practices like
reporting leaking taps, burst water pipes, water recycling and control of free flow of

water from taps.
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Table 4.16: Applicability of water use management strategies

Strategy Applicability | Percentage | Description
Water use -Essential uses 45 | -Hygiene, cooking and basic
restrictions | - Discretionary uses 55 | living
-Linked to lifestyles (swimming
pools)
Metering -Unmetered 80 | -Hydrant flushing and fire
-Metered not billed 15 | fighting
-Metered and billed 0.5 | -Leaks, theft, failed meters and
readings
-Domestic use
Public -School programmes 10 | -Pertinent water use information
education -Community programs 45 | -Home water conservation
initiative -Workshop programs 30 | measures
-Workgroups 15| -Rates and charges
-Report leaks and waste
initiatives
-Flat rate charge 75 | -Convincing where water is
Pricing/Cost | -Short run marginal 20 | plentiful
cost 5 | -Prices fluctuate through time
(SRMC) Cost of expanding capacity to
-Long run marginal cater for
cost (LRMC) increase in demand
Legislation | -Pricing oversight 10 | -Provide universal priority right
-Utilities 30 | to water
-Customer service 15 | -Enhanced members livelihoods
level 20 | fairly
-Water trading 25 | and equitably
oversight
-Bulk water
management

Source: Fieldwork, 2013

In the category of metering strategy, unmetered water applicability is the highest with a
frequency of 80% which almost correspond with flat rate charges of 75%, an indication
that a large percentage of piped water in the study area has no meters to regulate water
use and control wastage (Table 4.16). Community involvement as compared with other

water use management strategies was found to be the second most effective approach
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with 20.7% effectiveness. Restriction came third, but a poor long-term policy tool for

balancing demand with supply because of costs imposed on water users according to

water analysts (Table 4.17). The perception of respondents ranked pricing as the best

water use strategy with a percentage frequency of 24.2%. They supported their

argument with the fact that water prices provide an efficient means of balancing water

demand with supply. Consumers can decide on how much they consume based on the

price offered by the producers. Additional information was that prices generate

sufficient revenues for water companies to cover their efficient cost of supply and a

signal to the scarcity value of water to consumers and investors. Table 4.17 summarizes

the effectiveness of the current water use management strategies by the community in

the study area.

Table 4.17: Effectiveness of the current water management strategies

Strategy Household Respondents Percentage effectiveness
Water pricing 70 24.2
Community involvement 60 20.7
Water use restriction 40 13.8
Leak detection 35 12.1
(monitoring)

Public initiative 30 10.3
Water permit 25 8.6
Metering 15 5.2
Water recycling 10 34
Rationing 5 1.7

Source: Fieldwork, 2013
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4.6 Challenges on efficient water use and resource management in Nyangores
Basin

The results of the review revealed that for many years, the Nyangores basin people have
been facing many complex environmental and socio-economic challenges that have
made it difficult for the proper management and sustainability of the Nyangores water.
The environmental concerns include deforestation leading to losses of biologically
important habitats and water catchment degradation. High rates of soil erosion leading
to sedimentation of rivers and dams; however, localized water pollution arising from
agriculture, mining and domestic effluent are symptoms of big underlying causes of
Nyangores water quality. Poverty and population growth were singled out to cause
additional pressures on natural resources and has been compounded by lack of
awareness of land-water interaction. On the same note, climate change especially
droughts arouses serious threats to freshwater recharge leading to low flows and drying
up of the river course which poses a big threat to aquatic ecosystem. The issue of local
participation in water resource management in Nyangores basin is still scanty which
reflects an aspect of knowledge disintegration on efficient use of water. The SWOT
analysis technique (Table 4.18) summarizes the most basic aspects of water use

challenges and resource management.
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Table 4.18: SWOT analysis on inefficient water use and resource management

Strengths Weaknesses Opportunities Threats

e Existence of | -Low literacy rate -More involvement | -Deforestation
a perennial -Inadequate capacity of NGO 's and civil | -Localized water
river building and society will improve | pollution

e Population is | institutional effectiveness and -Increasing
well adopted | strengthening efficiency of water | poverty levels
to the -The planning did not resource -Increasing
environment | incorporate the local -On-going population

o Availability | knowledge of catchment growth
of rainfall indigenous people rehabilitation by the | -Increasing food

e Presents of -Inadequate donor government through | insecurity
political funding a forestation will -Increasing
goodwill -Lack of sufficient staff | improve the quality | water demand

e Existence of | 0 respond to increasing | of the resource -Climate change
water laws water demand -Training -Low flows
(Water Act -Low adherence of opportunities for -Urbanization
2002) water laws community water -Immigrations

e Peaceful co- -Lacks equipment with | use management -Encroachment
existence of | More robust institutional | -Availability of of water
local infrastructure and alternative sources catchments
communities | critical skills . of water -Low freshwater

o Strategic -Insufficient capacity to | -Current water . recharge
location of handle database and re§egrch undertaking | -No sewerage
Nyangores gnalyse water resource w111. increase system
River information availability of data

-Inadequate input of
modern

technology
-Inadequate water
infrastructure

Source: Fieldwork 2013

Nyangores Sub-Catchment is facing formidable weaknesses and threats as can be clearly

noticed in the SWOT analysis. Nyangores basin should capitalize on its strengths and

opportunities to work out the challenges it faces, promote accelerated growth and

sustainable use of the resource. There is need to incorporate the issue of shared local
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knowledge to eradicate widespread poverty and change long standing traditions and

practices.
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CHAPTER FIVE
SUMMARY OF FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

Deteriorating access to quality and quantity household water demand, inefficient water
distribution systems and inadequate measures to make changes in the water use rates has
the potential to stifle agriculture, human health, development and ecosystem in
Nyangores basin. In this case, to avert the scarcity of improved water for drinking and
domestic use to attain recommended quality and quantity standards of WHO requires
huge expenditure on the part of government and households in providing efficient water
systems, treatment plants and storage facilities. At the household level access to water
demand is of great concern because of frequent periodic and seasonal water scarcities
mainly resulting from the use and abuse of the available water resources by the growing
population, development and the escalating vagaries of weather. The dynamic nature of
the quantity and quality of water demand as a function of price, distance to water source
and inconsistent distribution traverse issues of accessibility, availability and usage of the
resource over time and space of which it has remained a major concern to both water

users and water providers in Nyangores basin.

5.2 Summary of findings
The major outcomes of the study are exhaustively discussed based on empirical
evidence, opinions and theories highlighted in the literature and advance reasons that

support the findings underlying the problem under consideration.
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5.2.1: The magnitude of water demand and distribution

The magnitude of water demand as determined by measures of per capita water demand
and use, mean water use, quantity and percentage of major water abstractors in
Nyangores basin was found to be ever increasing. Daily mean household water use of
55.8 litres with household water availability per source of 5.3% from improved sources
and 94.7% from traditional sources, indicate majority of households resort to alternative
sources of water. Agriculture and domestic water demand has the highest percentage of
46.43% and 34.8 % of the total water sector demand respectively and others represent
18.77% with high unaccounted for water (UfW) of 53.77% as compared with UN
recommended benchmark of 25%. The water demand outstrips supply in Nyangores
basin and per capita water use has declined to as low as 0.2884 m’/c/y. However the
projected water demand will increase to 13,998.72 m*/d from 9,745.32 m® /d by the year
2032 with a projected population of 233,312 people, leading to an increase in daily
water demand by 43.65%, with a water demand deficit of 48.02% showing that the
magnitude of water demand is high and can only be overcome through gradual

implementation of public intervention on the economic use of water.

The current distribution coverage of household pipe water demand is 5.3 %, equivalent
to 36.9 km® over a period of ten years to 2,695 households of the total 50,832 with an
average family size of 3.2 and a mean household income level of 4,000 shillings per
month. The actual daily water demand of 3,248 m’ in comparison to actual average

daily water supply of 239.17 m” is a reflection of inadequate and inconsistent rural and
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urban water supply coverage hence the gap between the haves and the have-nots has

widened resulting in frequent water demand conflicts in the basin.

5.2.2: Key factors that influence the rate of water demand and distribution
Growing population and development

Water demand is being driven mainly by the growing population and development. The
increasing population growth rate of 2.3% and an average household family size of
between 3.2 and 4.2 in the sub-catchment and 7% growth rate per year in the entire
Mara basin is an indication of an increasing water stress in Nyangores basin. Limited
supply of water demand to support the intensive land use activities such as horticulture
and dairy farming, irrigation, industrial supplies, growth of towns and market centres
impacted negatively on water availability for food production and other investments in

the study area.

The price and cost of water

A slight change in the marginal and average cost of water leads to an adverse effect in
the quantity and quality of water demand. The short run marginal cost of 20% and the
long run marginal cost of 5% applicability rates in price of water use as a management
strategy lead to a shift of 75% of water users to unimproved sources. Non payment of
the water bills per month stand at shillings 4,171,949 with a monthly increase of 4%, an
indication that most customers cannot afford the cost of water and unwillingness to pay

for water services is still high. This greatly depends on the low socio-economic ability
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of the local community, unreliable access to quality water and inefficient water service

operators to motivate the consumers.

Climate change

Extreme events related to climate change such as heat waves, droughts and increased
precipitation has lead to an increasing water scarcity and water quality degradation
within the sub-catchment posing a significant seasonal water demand variability of
4.82% between the dry and wet seasons. Water short regions especially Sigor
experience long standing dry seasons from January to mid March and September to
October at which rainfall is below 10 mm, drastically affecting water availability.
However, rainy seasons in the months of August, November and December increase the

volume to match the demands of users.

Distance and time to water source

Household water demand per source indicates a high demand of 56.4% from the highly
contaminated river water during dry season compared with 45.1% from unprotected
springs, a replicate of high consumption of unsafe water. Considerable daily walking
distances of over 3 kilometres commuted to fetch water and an average time taken of 1-
2 hours daily are evidence to difficulty in water accessibility and a hindrance to meet
adequate household water demand. A lot of valuable time is wasted by households’
members in hauling water from distant sources. There is no clear distinction between

water source and the intended purpose as majority of households depend on unimproved
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water sources among other alternatives to supplement their water needs for drinking,
cooking and washing as well as for livestock. This means the same sources of water
provide water for human and livestock use, suggesting that water resources play

complementary roles.

Socio-economic factors

The level of household education in Nyangores sub-catchment depends on the
household head. The age cohort of 18-49 years represent 44.4% of the population and
out of this, 42.9% has no formal education. Agricultural sector contribute 70.9% of the
total household income and 29.5% from non agricultural sector. Average number of
persons per household is 3.2 and household per capita water use per day is 58.4 and 50.9
litres during wet and dry seasons respectively. Household income and the number of
persons per household are statistically significant determinants of household per capita
water use; therefore the quantity of household water consumed depends on household

socio-economic factors such as level of education, income and family size.

5.2.3: Effectiveness of the current water use management strategies

Based on the applicability and effectiveness of current water use management strategies,
water restriction was found to be the most applied at 50% applicability rate but its
effectiveness was low at 13.3%. The applicability of water metering and pricing was
33.3% with an effective rate of 23.3% followed by community involvement at 20%

effective rate. The use of legislations and the recommended policy implementation was
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the least applied at 20% level. Unaccounted for water of 53.77% of the total water
supply is more than twice the recommended UN benchmark of 25%, illustrate
inefficiency in water transmission systems and faulty meters. Unmetered water
applicability was found to be 80% showing that large percentage of piped water has no
meters to regulate water use and control wastage. The percentage of effectiveness of all
water use management strategies in Nyangores basin are below 30% which is the main
cause of high water loss and an increase in water demand which outstrips water supply.
This is mainly contributed by inefficient water infrastructure, low implementation of

water use management strategies, legislations and policies.

5.3 Conclusions

Development and Population growth alongside climate and land use changes have
posed the risk of water shortage in Nyangores sub-catchment. From the findings of the
study, the rate of water demand is increasing which is a reflection of an increasing
population, land use activities and climate change. The results reveal that despite the
availability of adequate water resources, water shortage remains a great challenge to
water sector demands. Demographic, land use and climate change which is not reversed
to some degree by policy intervention may be difficult to adjust to a manageable level in
future. Policies and programmes to reduce water demand and wastage depend on
efficient water use systems and conservation strategies. The right of the people to access
adequate quality water from improved water sources for their livelihood is a priority

concern in the basin however this is limited by lack of regulatory framework to measure
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water sector performance by the water service providers. Water strategic plans and
policies towards improving access to household water demand and distribution are
affected by political differences, limited funding by the government and dilapidated

infrastructure.

Household water consumers comprise the largest percentage of debtors whose monthly
water bill is 95 per cent and water arrears have increased to 2.9 million shillings per
month. The distribution of the available water is skewed with the rural and those living
in the informal settlements getting less of the share. Low rate of water supply coverage
is attributed to less developed infrastructure and inadequate-autonomous rural water
service providers. It was also clear from the study that with the current expansion rate
of piped water coverage of 3.31% to an area of 23.05 km2 out of 696km2 is an
indication that the distribution of this vital resource may not get to all households in the
near future. However, stern measures and strategies need to be put in place to ascertain
and enhance equitable water coverage to meet an annual threshold of 139.2 km? in the

next five years.

Nyangores basin is facing formidable challenges, weaknesses and threats as can be
clearly noticed in the SWOT analysis and therefore should capitalize on its strengths and
opportunities to work out the challenges it faces. There is need to promote accelerated
growth and sustainable use of the resource to eradicate widespread and severe poverty

through shared visions and incorporate issues of shared local knowledge.
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5.4 Recommendations

(i) Magnitude of water demand and distribution

The magnitude of water demand is ever increasing while the distribution of water to
end users is diminishing. Therefore there is need to increase water availability by
supporting the construction of more underground water resources such as boreholes and
protected springs. The local community should be encouraged to invest more on rain
water harvesting infrastructure in order to increase access to safe water and reduce water
bills. Local authorities should enforce the legislation and regulation to protect water

resources and catchment areas from contamination.

(ii) Factors that influence the rate of water demand and distribution

To overcome some of the factors that hinder access to improved household water supply
there is need to locate safe water close to homes within a maximum radius of 200
metres. This will reduce health risks, increase water consumption and poverty
alleviation. More non-agricultural income generating activities need to be created in
Nyangores to enable households pay for accepted rates of safe water. Increase water
coverage in rural areas by expanding and developing new water storage facilities to

serve more people.

(iii) Effectiveness of the current water use management strategies
The water services regulatory board should ensure that effective water use systems for

allocation, control and management are applied to reduce loss of water. The local
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community should be made to understand the importance of economic use of water
through aggressive awareness campaigns to promote effective and measurable social
change. All water connections should be metered and frequent replacement of aged and

weak water infrastructure be made through proper monitoring and evaluation.

5.5 Suggestions for Further Research
This study could not answer some relevant questions and overcoming some
methodological limitations met during the study. The following are suggestions to
enrich the results of future research on household access to water demand and
distribution.
e Identify reliable estimates of water demand and time allocated to access water
from improved sources.
e Establish basic daily minimum water requirements for various household
activities upon rural and urban communities.
e Determine the impact of infrastructure on the quality and management of pipe
water distribution.
e Establish the effectiveness of rain water harvesting techniques to improve safe

water accessibility among the rural communities.
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APPENDICES

Appendix 7.1: Questionnaire

Good morning/afternoon. My name is Koech John Cheruiyot, a post graduate student of
Kenyatta University undertaking the study of the analysis of water demand, distribution
and community management strategies on water use in Nyangores sub-catchment in
Bomet County. This study is basically on academic purposes and I promise to treat the
information you provide with the confidentiality it deserves. Your name will not be used
in any report but your ideas and suggestions will be used to inform policy makers and
service providers to improve on their services to you.

Respondent’s information

Name....coeeeevveeerieeeiie e o) SRR AZC.reeerrreannnen. village............
ZONC......ooeeeveanen. marital status............... educational level:
(primary.......... secondary....... University........cue.e.... non................ ).

(Tick the highest level).
Occupation:  (Farmer.............. Teacher............ Nurse............ Others  specify................ )

Tick
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Instructions: Tick the appropriate choice

(I): Socio-Economic Information and Water Resources

1. How many people live in this household? ...........cccccoeniniiins

2. How long have you lived here?

Lessthan Syears[___] S5—10yearsT____]11- 15 years ]

16-20 years ] over 20 years [

3. How did you obtain the land you are living on now? Bought ] Inherited

Acquired ] Encroached [ (—

4. What is the main source of water for this household? River C_—_1  Tap[___]

Borehole —1 Dam[__1  Othersg—]

5. What is the approximate distance from your household to the source of water?

6. What is your livelihood? Farming[— ] Break making 1  Tree plantinglC—1

Business 1

7. At what time of the day do you draw water? ........ Morning ] Lunch [
(—

Evening

8. How many water points are available in this area?..............cc..........

9. How many people are served by one water point?.........................

10. What are some of the water challenges experienced in this area?
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11. Have you ever experienced any water shortage?
Yes [
No [
12. Ifyes, how often?
(a) Regularly —
(b) Sometimes ]
(c) Always —
(d) Frequently [
13. What causes these shortages?
(a) Persistent droughts

(b) High demand for water

J 0 [

(c) Low water supply
(d) Poor management of watersheds [

Any other (specify)

14. Is the shortage of water related to inequitable distribution?
Yes [

No [

15. If yes, state other factors that contribute to inequitable distribution of water in the

area?
(€1 IR () JS SR [(S) IR () J R
(IT) Water Demand

16. How much water do you need for household use per day?..........cccecveviieiennnnnen.
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17. How much water do you need for livestock use per day?.........c.cocovvveienieniivennennnen.
18. Name major uses of water in this area (Tick the applicable).

(a) domestic

(b) Industrial

(c) Irrigation

(d) Livestock

(e) Hydro-power
() Recreation

(g) Environmental

Juooo 0o

(h) Cultural

Any other (Specify)

19. From the uses above, which sectors demand the highest allocation of water?
20. What are the main determinants of:
a) Domestic water demand? Size of households Number of households ]
Family income —1 Cost of water Connection charges [—
Quality of service L1 Availability of alternative water sources [—]

Population density ]  Cultural —] Influence [

b) Agricultural water demand? Cost of water C—1 Alternative sources of water 1
Reliability of supply L—1  Crop water requirementL—1  No of livestock[_]

Legal requirements [1
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c. Industrial and commercial water demand? Cost of water [
Type of industry ] Reliability of water supply —]

Cost of treatment and waste water disposal —

Legal requirementsT—] working hoursT_]  Cost of water using appliances[—]
21. What are the major sources of water? (Tick) Rivers [ Springs[(] Boreholes [
Dams [0 Rain [] others (Specify)......ccccevvevieviecienieniieienenens
22. How is the water demand allocated?..........c.ccooeriiniiiiniinienieniceceeeee
23. Which sector is given the least consideration in the allocation of water?

What is your opinion?

24. What are the impacts of inequitable distribution of water?

Water coverage

25. (a) Is there any water supply in this area? Yes 1 No [

(b) What can you say about water supply infrastructure in the sub-

catchment?..........

26. How many households are connected to piped water (................... ), not connected
to piped water (................... ) in this area

27. How many water operating water points are here? (................ ) and how many are
dormant (................. )

28. Are you willing to be connected to pipe water? Yes [ 1 No [
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29. Which service level do you prefer? (Tick the applicable) House connection [—]
Public tap 1
30. Are you willing and able to pay for the cost of water? Yes [—1 No [
31. If yes, how much are you willing to pay per Im® of water use ....................

32. From your own opinion what can you say about water coverage in the sub-
catchment?
Income levels
33. What is your occupation? Farming [—1 Business [1 Teaching [
Entrepreneurship [ Others (SPecify)....cccvevieriiiiiiiiieiieiieeieeeeee e
34. How much do you earn per month? <1000 [ 1000-2000 [

2500-5000 >10,000

35. Do you pay for water services? Yes —] No [
36. If yes, how much do you pay per Im® of water?.............c.coo........
37. What can you say about the cost of water? Costly 1 Cheaper [1 Affordable [
38. How often do you pay for water bill? Daily 1 Weekly ] Monthly [ Yearly ]
39. Do you have any water balance? Yes 1 No [
40. If yes, how much is the balance? Ksh................cccceenee.e.
41. What do you think is the cause of huge water bill balances? Unwillingness to pay for [—
water
High cost of water [ Low income levels ] unmetered water supply ]

Poor method of paying for water services
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42. How much do you get in return?...........ccoecveeveeeiiieneeeieenieeieeeeenen
43. What is the best way of controlling water use at the utility?........................

44. Identify some of the water conservation strategies in the Nyangores basin.

45. What can you say about water use efficiency in the sub-catchment?............................
46. Is there any illegal water abstraction? = YeS.....ccceeereees 1101 SO
48. How often do you experience drought and flooding in this area?............ccccccoeevvvenennne.
49. What effect does drought and flooding have on water demand and
distribution?..........
50. What can you say about the population of Nyangores sub-catchment?........................
51. How does an increasing population affect:
1. Water resources?........cccceevenuennee.

ii.  Water demand?...........ccccoeeeieneenne

iii.  Water distribution?........................

iv. Water conservation?...........c.ccc......
52. What are the major land use activities in Nyangores basin?..............c.c........
53. How does these land use activities allocated water?............ccoeveevieeniennnne
54. How does the available water utilized to meet the demand?.........................
55. In what ways does the available water improved your economic status?....................

56. How has it reduced the poverty level to the local community?.............c.cccceeeiieneins
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Appendix: 7.2 Interview Schedule
Hallo Sir/Madam, I am Koech J. Cheruiyot, masters’ student at Kenyatta University
Ref. No. 156/CE/14352/09. 1 would appreciate your contribution based on water
demand, distribution and community management strategies on water use. Any answer
given will be strictly confidential. Thank you for your willingness.

Respondent’s Information

Name ......cooovvviiiiiiiinnnn. ID No....coouvnnee. Sex........... Age..ooiiann, Marital...............
Family size.........cccceevenen. Residential........................ Educational level.........................
Occupation .........cceeviviiiiiiiiiiiiiiinann.. Signature..........ccceeevveiiiennnnnne.

1(a) For how long have you served in this area?...........c.ccccceeuennee.
(b) How do people acquire land?..........ccccoveevieeiiienirenenne.
(c) What are the current uses of water in Nyangores sub-catchment?
i.  Livestock [ ]
ii.  Domestic [ ]
iii.  Gardening [ ]
iv.  Brick making [ ]
v.  Building and construction [ ]

vi.  Tree nursery [ ]

vii.  Irrigation [ ]
viil.  Car wash [ ]
OtNETS .ttt

2. Name other sources of water that serve the local communities in Nyangares area?
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3(i) How does people access safe drinking water? .................cooees coiinnes oL
(i1) What is the average distance and time taken to water source?......................
4. Is there shortage of water in terms of quantity in Bomet County?

a) Yes [ ]

b) No []
5. If yes, what contributed to these shortages?

a) Drought [ ]

b) High demand [ ]

c) Lowsupply [ ]

d) Inadequate water resources [ |

e) High wastage [ |

f) Inadequate distribution systems [ ]
g) Poor adoption of conservation measures [ ]
L 115 TS) ¢ P

6. What can you say about the distribution of water resources over time and space in

Bomet County (Nyangores sub-catchment)?

a) Poor [ ]
b) Fair [ ]
c) Good [ ]

d) Excellent [ ]
7. How many public and private water points are available in Nyangores sub-catchment?
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8. What are the peak hours of water withdrawal?

a) Morning [ ]

b) Lunch [ ]

c) Evening [ ]

d) Morning and evening [ ]
9. What is the estimate water consumption per day for the following water sector
demands in m’ in the sub-catchment? :
(1) Domestic............. (i1) Agriculture................ (i1) Livestock........... (i11) Industrial.......
(iv) Entrepreneurship....................

10. What is the average production of water per day in Nyangores

11. What is the estimate number of households in this area?...........c.cccccue.

12. Out of this number, how many are connected to pipe water?....................

13. How many members are active and how many are dormant? Active..........
Dormant..........

14. How many connections are Metered?.........cceeueeueenne Unmetered?..............

17. Which steps have you put in place to regulate water demand?
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18. How is water use managed at the community level?

19. What are the major challenges faced in the distribution of water resources in

Nyangores Sub-catchment?

20. From your own opinion what can you say about water demand?

21. Identify major factors that contribute to this situation (Tick)
a) Growing population
b) Rapid urbanization
c) Drought and flooding
d) Inadequate water storage facilities
e) Inadequate water resources
f) Upland watershed destruction
g) Non-equitable distribution of water resources

h) Wasteful and inefficient water management

OoooooOod

22. What are some of the strategies taken to reduce water usage under control of utility
in Nyangores basin? (Tick)

a) Metering

b) Water calibration and replacement

c) System audit

0 U
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d) Leak detection and repair programs |:|
e) Full cost pricing I:I
f) Water use restrictions I:I

23. What are some of the public information initiatives on water bill?
(i) Usage [ ] (i) Rates [ ] (iii) Charges ]
24. What information do you have about home water conservation measures in
Nyangores sub-catchment?..............oocieiiiiiiiinieiieecee e
25. Identify some of the methods the water supplier can utilize to educate the
public about water efficiency and conservation strategies in Nyangores basin.
= School programmes
* Community programmes
1]
=  Work groups
' . [ ]
= Advisory committee
1]
26. Tick some of strategies for promoting new technology and mitigations
for reducing water use requirements in Nyangores
i.  Recycling
ii.  Waste water treatment

iii.  Grey water (Filtered waste water)

] UUL

iv.  Catchment systems ( collecting and storing water)
27. In what ways does the income level of the local community affect water demand and

distribution?
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28. How is water allocated to the legitimate claimants?.............cccceecveeueennnnnee.

29. Do you experience any illegal abstraction of water in the sub-catchment?

If Yes, give percentage estimate...........ccccevvereeeeenen.

30. Which months of the year are prone to drought and flooding?.......................

31. What impact does climate change have on water demand and
distribution?....................

32. What can you say about the relationship between the population increase and water
Demand and distribution in Nyangores basin?...........cccccceevveeiurennnnne.

33. What are the major land use activities in Nyangores sub-catchment?.........................
34. How is water allocated to water sector demands?..........c.ccoceevervueniennnnne

35. How is the available water utilized to meet the demands?............c.cccoceeneee.

36. In what ways does the available water improved the economic status and livelihoods
of the local community?.........cccceeeviiniiiiinniieienene

37. Is the water supply infrastructure efficient enough to meet the required water
demand and diStribUtioN?...........c.cooiiiiiiiiiii e

38. What can you say about the spatial and temporal distribution of water in Nyangores
DasIN?..ccuiieiieieee e

39. Are people willing to pay for the cost of water?............cccoecveeieenennne.

40. Give an estimate of the annual water bill arrears in the sub-

catchment............ccoeuuun....
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Appendix 7.3 Background information of the study area

Source: Fieldwork- 2013

Year Total Total Average Total Average Human Total water | Total Available Water
rainfall average water flows runoff runoff population ptio water storage supply
rainfall water flows n (m3) supply capacity coverage
(km2)
2000 468.12 39.0T 10.1T 198.12 16.51 120328 33880 66600
2001 548.76 45.73 21.02 232.20 19.35 123836 34868 66600
2002 611.4 50.95 1751 258.72 21.56 127334 35853 66600
2003 593.64 49.47 18.56 251.28 20.94 130851 36843 66600 200 2.60
2004 831.48 69.29 14.92 351.96 29.33 134336 37824 65505 200 2.65
2005 466.2 3885 16.20 197.28 16.44 137826 38807 64400 200 275
2006 672 56 15.90 284.40 23.70 141305 39787 65510 200 2.80
2007 509.16 42.43 22.80 21552 17.96 144805 40772 108000 200 3.03
2008 472.68 39.39 14.58 200.04 16.67 148264 41746 110005 200 3.20
2009 463.8 38.65 16.59 196.32 16.36 151804 44745 105900 200 3.60
2010 693.12 57.76 16.41 293.40 24.45 155182 47870 103250 200 420
2011 589.56 49.13 14.68 249.48 20.79 158883 71135 154800 400 5.80
2012 936.48 78.04 17.84 396.36 33.03 162442 75667 156600 400 6.25
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Appendix 7.4: Summary of Household Respondents

VARIABLE RESPONDENTS
Rural Peri-Urban Total
Land Acquisition
(D) Inherit 150 10 160
(IT)Bought 75 35 110
(II) Gift 25 5 30
(IV) Encroached 0 0 0
Total 250 50 300
Length of stay
20-30 Years 10 30 40
31-40Years 25 10 35
41-50Years 50 7 57
51-60Years 35 3 38
>60Years 130 0 130
Total 250 50 300
Family size
1-2 15 31 46
34 32 15 47
5-6 76 4 80
7-8 67 0 67
>8 60 0 60
Total 250 50 300
Sources of water
Spring : No-prot:23 80 12 92
Unprotected: 1500
River:-NO- 1 53 10 63
Rain 30 4 34
Dams: NO-4 42 0 42
Pans: No-13
Boreholes:No-2 20 4 24
Pipe water: con-906 25 20 45
Total 250 50 300
Water points
<2 172 13 185
3-4 75 30 105
5-6 3 7 10
7-8 0 0 0
Total 250 50 300
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Water withdrawal time

Morning 112 35 147
Lunch 77 5 82
Evening 61 10 71
Total 250 50 300
Livestock
<2 34 20 54
3-4 109 30 139
5-6 31 0 31
7-8 36 0 36
>8 40 0 40
Total 250 50 300
Walking distance to water
source in (km)
<] 51 27 78
2-3 115 23 138
4-5 84 0 84
Occupation
Farming 165 10 175
Mining 65 2 67
Brick making 13 5 18
Teaching 4 15 19
Others 3 18 21
Total 250 50 300
Water billing
Residential.....83% 135 19 154
Industrial......... 7% 35 17 52
Institutions....... 1% 33 2 35
Commercial......1% 32 2 34
Others............... 6% 15 10 25
Total 250 50 300
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Appendix 7.5: Respondent’s information on water challenges, shortage and major

users
Water Responden | Causes of Responde Water | Responden
challenges ts | water shortage nts users ts
Pollution 64 | Population 66 Domestic 83
pressure
Encroachmen 42 | Poor watershed 23 Irrigation 27
t management
Flooding 31 | Slow 20 Livestock 75
implementation
of water
policies
Drought 66 | Inadequate 56 | Environmen 53
storage facilities t
Conflict 18 | Inefficient 45 Fishing 24
distribution
systems
Water use 22 | Lack of modern 27| Recreation 12
control technology
Access 57 | Climate 63 | Fire output 26
change

Source: Field work 2013

Appendix 7.6: Respondents’ average time, distance and Income

Household range | Average time | Average Average

taken to water | distance taken | household income

source (minutes) | to water | per month (ksh)

source (km)

<50 0-9 0-0.5 3000-5000
50-100 10-19 0.5-1 2500-4500
100-150 20-29 1-1.5 2000-4000
150-200 30-39 1.5-2.5 1500-3500
200-250 40-49 2.5-3.5 1000-2000
250-300 50-59 3.5-4.5 <1000

Source: Fieldwork, 2013
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Appendix 7.7: Alternative sources of water within Nyangores basin

Water source Estimate number | Percentage coverage
Shallow wells 1500 35.7
Unprotected springs 270 6.4
Protected springs 23 0.5
Dams 4 0.1
Boreholes 2 0.05
Roof catchments 2400 57.2
Source: Fieldwork, 2013
Appendix 7.8: Domestic annual water production in M*

Yr Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec Total Ave.
2007 | 3557 | 3665 | 3645 | 3880 | 4010 | 4105 | 3940 | 3880 | 3776 | 3485 | 3875 | 4008 | 45826 | 3819
2008 | 3475 | 3540 | 3882 | 3468 | 3275 | 3370 | 3490 | 3415 | 3551 | 3325 | 3425 | 3520 | 41746 | 3479
2000 | 3347 | 3420 | 3395 | 3482 | 3841 | 3669 | 3743 | 3842 | 3874 | 3992 | 4125 | 4015 | 44745 | 3729
2010 | 3745 | 3642 | 3575 | 3840 | 3980 | 4009 | 3822 | 3975 | 4039 | 4128 | 4430 | 4685 | 47870 | 3889
2011 | 5992 | 5765 | 5891 | 6288 | 6432 | 5910 | 5420 | 5716 | 5921 | 5845 | 6010 | 5945 | 71130 | 5928
2012 | 5725 | 5841 | 5667 | 5995 | 6005 | 6408 | 6103 | 6205 | 6570 | 7049 | 7168 | 6941 | 175677 | 6306

TOTAL | 25841 | 25873 | 26055 | 26953 | 27543 | 27471 | 27036 | 27033 | 27731 | 27824 | 29043 | 29114 | 327517 | 27150

Source: Bomet water supply.
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Appendix 7.9: Household pipe Water Distribution coverage over Time

Year Available water | Household Area covered | Percentage
storage capacity | water over time coverage of
(m3) distribution (kmz) total area
over time (m’) (696km?)
2008 200 41776 3.20 0.46
2009 200 44745 3.60 0.52
2010 200 47930 4.20 0.60
2011 400 71135 5.80 0.83
2012 400 75670 6.25 0.90
TOTAL 600 281256 23.05 3.31

Source: Fieldwork, 2013

Appendix 7.10: Per Capita Water Demand

year population | water water per Average water
in water demand/d | demand | capita production(m?)
area ay(m3) (m® )yr water lyr

demand

(m*)/yr
2008 148264 8896 | 3247040 21.90 41745.05
2012 162422 9735 | 3553453 21.88 75675.45
2017 180120 10897 | 3977444 22.08 109642.35
2022 197817 12014 | 4384965 22.17 143536.25
2027 215515 13128 | 4791723 22.23 177466.65
2032 233312 14240 | 5197746 22.28 211397.05

Source: Author, 2013
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Appendix 7.11: Land Use Activities in Nyangores Sub-Catchment

# Flow Gauge Stations
A, Rain Gauge Stations
O RFE Artificial stations
= Mara River
[_] Sub-watersheds
Land Cover
B Forest
) Bushtand
I Piantation forest
B ! Cropland (small scale)
—-21:"_1‘ —?::B J?({lmneters 1 Cropland (large scale)

ource: dptd from liso, 2004
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Appendix 7.12: Summary of Respondents, information

Variable name

Interview schedule

Questionnaire

(i) Background
information

Respondent’s information

Respondent’s

Name, sex, age, village, information
marital, educational level,
occupation
(ii)Demographic and
Socio-Economic variables
Family size Respondent’s information 1,2,3,6
Length of stay 1(a) 2
Land acquisition 1(b) 3
Land use activities 1(c) 6
(iii) Water availability
Sources of water 2 14,21
Distance to water source 3(i1) 5
Time taken to water source 3(i1) 7
Water point density 7 8,9
Water shortage 4 11,12,13,14
Water challenges 5,15,16,19 10
(iv)Water demand
Water consumption 9,10,11,13,14,20 16,17.8
Demand determinants 1(b) 20(a,b,c)
Demand management 17,18,25,26 22,43
strategies
(v)Water distribution
Water allocation 6 15,19,22,23
Water coverage 38
24,25,26,28,29,32
Water cost 39, 40
30,31,35,36,37,38
Water access 3(1) 40
(vi)Water use
management
Under control of utility 22,16 43
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Water bill information 23 38,39,40,41
conservation strategies 24 44
Water use efficiency 25 45
Illegal abstractions 29 46
(vii)Factors affecting

water demand and

distribution

Climate change 21(c), 30, 31 48, 49
Population increase 21(a), 32 50, 51
Income levels 27 33, 34, 35
Land use activities 33,34 52,53
Supply infrastructure 37 25(a), (b),
Availability of water 35,36 54, 55,56

Source: Fieldwork, 2013
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Appendix 8.1: Research Authorization Letter

REPUBLIC OF KENYA

NATIONAL COUNCIL FOR SCIENCE AND TECHNOLOGY

Telephone: 254-020-2213471, 2241349, 254-020-2673550 P.0. Box 30623-00100
Mobile: 0713 788 787 , 0735 404 245 NAIROBI-KENYA
Fax: 254-020-2213215
When replying please gquote
secretary@ncst.go.ke

Website: www.ncst.go.ke

Our Ref: NCST/RCD/17/013/12 pate: 17" May, 2013

John Cheruiyot Koech

Kenyatta University

P.O Box 43844-00100
. Nairobi

RE: RESEARCH AUTHORIZATION

Following your application dated 2" May, 2013 for authority to carry out
research on “Analysis of water demand, distribution and community
management strategies in Nyangares sub-catchment in Bomet County,
Kenya.” 1 am pleased to inform you that you have been authorized to
undertake research in Bomet District for a period ending 31% July, 2013.

You are advised to report to the District Commissioner and District
i Education Officer, Bomet District before embarking on the research
! project.

i On completion of the research, you are expected to submit two hard copies
and one soft copy in pdf of the research report/thesis to our office.

2%1052& .
SAID HUSSEIN

FOR: SECRETARY/CEO

Copy to:

The District Commissioner
The District Education Officer
Bomet District

“The National Council for Science and Technology is Committed to the Promotion of Science and
': Technology for National Development”,
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Appendix 8.2: Research Permit




