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ABSTRACT

Ecosystems provide a wide range of ecosystem services such as food supply, soil erosion
control, and carbon sequestration which are important for human survival. Kapingazi catchment is
home to a variety of ecosystem services mainly water provision to downstream users. Kapingazi
River flowing from this catchment contributes to the Tana River, which supports several national
hydroelectric power stations that generate 52.1% of Kenya's electricity. However, increasing
anthropogenic pressures such as agricultural and industrial activities are threatening the catchment.
These factors are affecting the water quality and flow in the Kapingazi River, since local
inhabitants are currently lacking financial incentives to engage in conservation efforts. In order to
ensure water provision for downstream users and maintain ecological balance, there is urgent need
for Kapingazi catchment to be managed sustainably. The research aimed to assess the status of
ecosystem services in the Kapingazi catchment, identify catchment users, examine perceived
human activities affecting water provision, and determine respondents’ willingness to pay (WTP)
for these services in order to explore the potentia of implementing Payment for Ecosystem
Services (PES) schemes to encourage conservation and sustainable management practices. The
study used cross-sectional research design and data was collected from households, focus group
discussions, and key informants using questionnaires, interview schedules, and field observations.
The collected data was analysed using the Statistical Package for the Social Sciences (SPSS)
version 22 by applying descriptive statistics and logistic regression. Results showed that water is
the main ecosystem service (98%) in the Kapingazi catchment and farmers were the man
catchment users (40.4%). Logistic regression results revealed that poor agricultural practices had
significant impact on both changes in water quality (p = 0.002) and water quantity (p = 0.036)
whileindustrial activities, teafactories(p =0.014) and coffee factories (p = 0.013) had significant
impact on changes in water quantity at 95% confidence level. The study reveaed that 67% of
respondents were willing to pay for improved water services and age (p = 0.005), education (p =
0.025), and household size (p = 0.05) were the factors that influenced the WTP for improved water
services. Thereis need for soil and water conservation in Kapingazi catchment and positive WTP
supports policy development for payment for ecosystem services (PES) programmes. Theseresults
am to encourage stakeholder engagement, promote sustainable practices and guide policy
decisionsin order to ensure ecological resilience of the Kapingazi catchment through payment for

ecosystem services (PES).
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CHAPTER ONE
INTRODUCTION
1.1 Background infor mation

Ecosystem services are the various benefits that humans obtain from the environment, and
they play an important role in supporting life and improve human welfare (MA, 2005). These
services are vita in sustaining ecosystem functions and maintaining the quality of human life.
They are categorized into four main groups, provisioning, regulating, supporting and cultural
services. Provisioning servicesrefer to the tangible goods that ecosystems provide, including food,
water, timber, and fibre. Crops and livestock are derived from agricultural lands, timber and non-
timber commodities are obtained from forests while fish and drinking water are provided by fresh
water systems such as rivers; Regulating services like climate regulation, flood control, water
purification, and disease and pest regulation maintain the balance and stability of natural systems
by moderating ecological processes. Flood impacts are mitigated by wetlands by absorbing excess
rainfall, while forests sequester carbon, thereby contributing significantly to regulation of climate;
Supporting services which include habitat provision, nutrient cycling, pollination and soil
formation, are the underlying ecological functions necessary for the maintenance and operation of
al other ecosystem services and they underpin the production of biomass and the cycling of
nutrients, which are critical for plant growth and ecosystem productivity. The intangible
advantages that people obtain from the environment such as leisure, education possibilities,
spiritual fulfilment and aesthetic experiences are known as cultural services. For many
communities, natural landscapes are a source of inspiration, leisure activities and community
identity.

In order to preserve the ecological heath and well-being of dependent communities, proper
comprehension and managing these ecosystem services efficiently is required. Degradation of
ecosystems can reduce important services, leading to adverse effects on human health, economic
activities and overal welfare (Petrosillo et. al., 2023).

In recent years, the concept of Payment for Ecosystem Services (PES) has become prominent
as a way of promoting sustainable environmental conservation and management. In order to
preserve the ecosystem services, individuals or communities are compensated to carry out
measures that strengthen them through this mechanism. Land owners and resource managers who

implement sustainabl e practices are rewarded financially or in kind since thismodel acknowledges



the economic importance of ecosystem services. PES seeks to secure long-term delivery of
ecosystem services by establishing a direct economic connection between beneficiaries of the
services and their providers (Cavelier & Gray, 2014).

Payment for ecosystem services (PES) programmes have notably increased worldwide, with
annual transactions at around USD 36 — 42 billion (Salzman et al., 2018). PES is a voluntary
economic initiative that protects biodiversity and ecosystem functioning while also meeting the
needs of local people. It has been implemented at several levels, focusing on essential ecosystem
services such as carbon sequestration, watershed management, conservation of habitats and
biodiversity (Perrot-Maitre, 2006; Salzman et al., 2018). The main idea of PES is establishing a
market based mechanism that internalizes the environmental benefits produced by ecosystems and
provide incentives to landholders to adopt sustainable practices that protect these services (Turner
& Daily, 2008).

According to Wunder (2005), PES is a voluntary transaction where a well-defined ecosystem
service or aland use likely to secure that service is being bought by an ecosystem buyer from an
ecosystem seller or provider, if and only, if the ecosystem provider secures the ecosystem service
provision. PES programmes pay land owners for producing environmental benefits, only if they
implement land use strategies that enhance ecosystem services (Bond & Mayers, 2010). Global
ecosystem degradation and rapid land use changes are as a result of not paying land owners for
supplying ecosystem services (Butchart et al., 2010). Vital goods (such as food and timber) and
services that support human well-being, which are often public goods with little or no financia
valueare provided by healthy ecosystems (Forest Trends & Katoomba Group, 2008). By assigning
monetary value to ecosystem services through establishment of a market whereby users pay land
ownersto improve or restore ecosystem servicesis the main objective of PES programmes (Engel
et al., 2008).

Clear agreements that link changes in land use to provision of ecosystem services define
effective PES initiatives (Wunder et al., 2008). Also, flexible contracts, minimum transaction
costs, dependable income streams, careful compliance monitoring and changing conditions
adaptability are necessary for effective programmes (Sommerville et al., 2009). There are severd
steps to be followed for the PES initiatives to be successful: enrolment of service providers,
contract term compliance and change in land use behaviour which would have otherwise not be
thereif theinitiative was not implemented. (Wunder et al., 2008).



There are three categories of PES schemes. those that are funded by users, those that are
financed by governments and those that are driven by compliance requirements. User-funded PES
is a mechanism whereby direct payment of upstream land owners by beneficiaries of ecosystem
services such as hydroel ectric companiesto control soil erosion. Government-funded PES schemes
involves payment of land owners by third parties for providing ecosystem services, such as the
reduction of deforestation programme in Costa Rica. Compliance PES schemes, allow parties to
meet regulatory requirements through offsetting ecosystem services, such as emissions trading.
(Fripp, 2014).

While PES programmes are still underdeveloped in the African region, they have shown
potential for conservation in areas like carbon sequestration and biodiversity. However, watershed
PES programmes in Tanzania and projects such as Tree for Global Benefit in Uganda have gained
momentum (Lopaet al., 2012). In spite of challenges, PES programmesin Africahave been driven
by community based natural resource management and international demand focusing on
biodiversity conservation and carbon sequestration. Water-related PES schemes are not common
because of low demand locally but there are promising projects like Naivasha watershed
programme in Kenya (Nyongesa, 2011).

PES programmes addresses environmenta and economic challenges caused by changesin land
use and ecosystem degradation as a market-based approach. Their main aim is conserving the
environment and advancing rural development while reducing poverty by directly rewarding land
owners financially for enhancing ecosystem services (Wu et al., 2021). Despite its successes,
ensuring equitable compensation, balancing conservation with economic development, and
overcoming limited demand for certain ecosystem services are some of the challenges that PES
programmes face. However, PES continues to be aviable tool globally in reconciling sustainable
land management practices with environmental conservation.

The Kapingazi catchment provides water and a variety of ecosystem services to the
communities in the surrounding and downstream users, is located in a region of significant
ecological importance. Different landscapes, including forests, wetlands and agricultural land,
characterizes the catchment, all of which contribute to its rich biodiversity and an array of
ecosystem servicesit provides. The water from the Kapingazi catchment is used for domestic use,

agriculture, industry, and ecological functions.



This catchment is important for local communities since provides essential resources that
support livelihoods and ecol ogical balance. However, agricultural expansion, industrialization and
population growth are the increasing anthropogenic pressures in addition to climate variability,
which are causing significant challenges to sustainability of ecosystem services. Water abstraction,
pollution from agricultural and industrial activities, deforestation, and land degradation are the
main challenges that are undermining the sustainability of Kapingazi catchment. These challenges
leads to weakened ability of the catchment to produce vital ecosystem services as well reduced
water quality and supply and loss of biodiversity. (Soko, 2014).

With the knowledge gained, this research will assist in designing and implementation of PES
initiatives specificaly for Kapingazi catchment focusing on transforming acknowledged
ecosystem services through building stakehol der rel ationships and participation and willingness to
pay into conservation strategies that are operational and effective. These will lead to establishing
mechanisms for equitable benefit-sharing, and piloting these interventions to evaluate their
effectiveness in enhancing water provision and other ecosystem services by designing
participatory and context-specific PES models that align ecological goalswith the socio-economic
realities of local communities. Also, while monitoring long-term ecological and livelihood
outcomes, the research will inform the institutional, policy, and financial frameworks required to
support and sustain PES implementation. By bridging the gap between science, policy and
practice, this roadmap offers an integrated approach to sustainable catchment management that

ensures both environmental resilience and socio-economic well-being.

1.2 Statement of the problem

The Kapingazi catchment provides essential ecosystem services such as water and food that
sustain livelihoods of local communities, agriculture and industry is experiencing environmental
degradation caused by human activities such as agricultural intensification, industrial pollution and
population growth. These pressures have led to declining water quality, reduced water supply, and
significant loss of biodiversity. Besides jeopardizing the health, economic stability and the general
well-being of the communities dependent on these services, these pressures undermine the
catchment’s ability to sustain agriculture and other ecological functions. While thereisinsufficient
data on stakeholders’ willingness to participate and invest in such schemes, Payment for

Ecosystem Services (PES) offers a promising solution by incentivizing conservation practices.
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Lack of an integrated ecological and socio-economic assessment necessary to inform effective
conservation and sustainable management strategies that can restore and protect ecosystem
servicesisthe problemin Kapingazi catchment. Therefore, it isimportant to characterise the status
of ecosystem services, identify key stakeholders, assess the perceived human activities impacting
on water-related services, and assess willingness to pay, in order to provide guidance for
sustainabl e strategies such as PES that ensure long-term health of the catchment.

1.3 Objectives
1.3.1 Broad objective

The broad objective of this study was to improve the conservation strategies in Kapingazi
catchment through the assessment of the willingness to pay for ecosystem services scheme in

conservation of Kapingazi catchment in Embu, Kenya.

1.3.2. Specific objectives
The study specifically looked at the following objectives:

i.  To characterize the status of ecosystem servicesin Kapingazi catchment.
ii.  Toidentify the catchment users, catchment management practices, organization, functions
of catchment users and challenges of catchment management in Kapingazi catchment.
iii.  To determine the perceived catchment user activities that are affecting water provision
service in Kapingazi catchment.
iv.  To establish the willingness to pay for water provision services by the catchment usersin

Kapingazi catchment.

1.4 Resear ch questions
The research aimed at answering the following questions:
i.  What isthe status of ecosystem servicesin Kapingazi catchment?

ii.  Who arethe catchment users? What are the catchment management practices, organization,
functions of catchment users and challenges of catchment management in Kapingazi
catchment?

iii.  What are the perceived catchment user activities that are affecting water provision service

in Kapingazi catchment?



iv.  What is the willingness to pay for water provision service by catchment users in order to

conserve Kapingazi catchment?

1.5 Justification

Ecosystem services such as provisioning, regulating, supporting and cultural services provide
essential  benefits that support human well-being and the natural environment. Kapingazi
catchment is an ecologically significant area because it provides important ecosystem services
such as water, which supports agriculture, industry, livelihood of the communities and ecological
processes. However, growing anthropogeni ¢ pressures such as agricultural expansion, industry and
population increase are undermining the sustainability these ecosystem services. Both human
communities and ecological health of Kapingazi catchment are potentially being impacted by
degradation caused by deforestation, water abstraction, pollution, and land degradation which
poses serious risks to water quality and availability.

It is important to understand the ecosystem services provided in Kapingazi catchment,
assessing the activities of key stakeholders, and anayzing the perceived human activities
impacting water ecosystem services. The study offers a thorough overview of the ecosystem
dynamics of the catchment so as to develop mitigation strategies against environmental threats. In
order to create sustainable management strategies that balance human well-being and
environmental sustainability, it is crucia to look at the activities of catchment users that are
impacting water service provision.

One innovative component of this research is the investigation of payment of ecosystem
services (PES) as a possible conservation method. By incentivising conservation initiatives, PES’
objective is to financialy compensate land owners or communities for activities that improve
ecosystem services. Implementing PES in Kapingazi catchment would encourage stakeholders to
adopt land use practices that ensure long-term ecological resilience by balancing financia
incentives with environmental sustainability.

This study elicits stakeholders’ willingness to pay for improved water services, producing new
knowledge of how ecological and socio-economic aspects could beintegrated. It assessesthe status
of ecosystem services, important stakeholders and focus areas for intervention as a result of
perceived human activities affecting water ecosystem services. The study’s suggestions for policy

measures and sustainable management practices can provide guidance to future initiatives to



conserve ecosystem services provided in Kapingazi catchment. Therefore, this study ensureslong-
term benefits for both communities and the environment by promoting the resilience of ecosystem

services within the catchment, with an emphasis on PES and sustainable conservation strategies.

1.6 Scope

This research examined the ecosystem services and catchment users in Kapingazi catchment,
assessed the human activities affecting water provision and determined the willingness to pay for
this service. The data was collected between March 2018 and June 2018 from community
members, community associations within Kapingazi catchment as well as from institutions. The
research waslimited to Kapingazi catchment in Embu North and Embu West sub-countiesin Embu

County, Kenya.

1.7 Assumptions

It was assumed that the respondents would cooperate and respond truthfully to the questions
during data collection. It was assumed that the climatic conditions will be favorable to allow for
adequate data collection. It was also assumed that the catchment was accessible and secure from

any insecurity issues to allow free movement and interviews with the community.

1.8 Limitations

The diverse terrain in certain areas posed a limitation, rendering some locations, particularly
flooded zones, inaccessible during data collection in the rainy season. To overcomethis challenge,
atransport method adaptable to all terrains was utilized. It was not easy to get some officers from
government institutions due to their engagement with their official duties. Booking an appointment
was first made to schedule interview’s date and time when they deemed that they would be free from

other demanding activities.



1.9 Definition of terms

Biodiversity — Biological diversity isthe variance among living things from al sources, including
terrestrial, marine, and other aguatic habitats, as well as the ecological complexes they inhabit.
Diversity among species, across species, and among ecosystems are al included.

Catchment users— These are people who live and/or use the resources in a particular catchment,
whose sources of livelihoods are derived from their work in the agriculture and forest lands in a
catchment.

Confluence - Thisiswhere ariver joins another river.

Contingent valuation — This is the process of allocation of monetary value to ecosystem goods
and services that are not bought or sold in atraditional market using survey-based approach.
Ecosystem: This describes a dynamic system of living things such as plants, animals, and
microorganisms, as well astheir physical surroundings, that function as a unit through continuous
exchange of matter and energy.

Ecosystem services: These are advantagesthat people obtain from the environment. Theseinclude
provisioning services like water and food; regulating services that help control diseases, drought,
floods, and land degradation; supporting servicesthat preserve basic processeslike nutrient cycling
and soil formation; and cultural services that provide non-material benefits like recreation and
spirituality.

Payment for ecosystem service (PES) — It isasystem of providing financia incentivesin order
to encourage individuals or communities to embrace sustainable land management and practices
that preserve and conserve natural resources.

Stakeholders— These are people who are interested parties in the activities of the project.

Water catchment — It is atopographic region in which all water drains to a common outlet, such
asariver.

Willingness to pay — This is the maximum value that a person is prepared to forgo in order to

secure an ecosystem good or service, or to avoid an undesirable consequence.



CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

This chapter provides a comprehensive review of the literature of the study’s subject
specifically with the commitment to engage in payment mechanisms for ecosystem services aimed
at conserving catchments. It includes an assessment of the status of ecosystem services,
identification of catchment users, identification of human activities affecting water provision
ecosystem services and the willingness to pay for enhanced water ecosystem services. It includes
findings of related undertaken research.

In section 2.2, the first objective, which is to characterize the status of ecosystem servicesis
discussed. The definition of ecosystem services, their types, classification frameworks of
ecosystem services, and empirical research on the status of ecosystem services in various
catchments in Brazil, Italy, and Northern Kenya are all introduced. With implications for
regulation and supporting services in various ecosystems, Periotto and Tundusi (2018) evaluate
the ecosystem services of the Jacare Guacu and Jacare Pepira watersheds in Sao Paulo, Brazil. In
order to assess the effects of power generation based on water resource use and determine which
aspects to maintain while utilizing renewabl e energy, Pettenella and Portacio (2017) examine the
provision of ecosystem servicesin the Mis and Mae watershedsin Italy. According to Ericksen et
al. (2012), ecosystem service supply was represented as bundles that were grouped by geographic
region and land use type. The goal of this study wasto list al of the ecosystem services provided
in the Kapingazi catchment and rank them according to how important they are to the respondents.

The second objective; identification of catchment users is highlighted in section 2.3. The
section introduces the importance of stakeholder identification and participation in water
management. According to Zekele et al. (2006), rather than using top-down methods, it is
important for different stakeholders to participate in the planning and governance processes of
natural resources. Borisova et al. (2012) shows a clear example of conflicts among stakeholders
due to inadequate stakeholder involvement in policy decisions. Mukeria et al. (2021) focuses on
major stakeholder groups involved in carrying out landscape restoration initiatives in Hawassa
catchment in Ethiopia. This study however, filled the gap by identifying the catchment users in

Kapingazi catchment, their awareness on catchment management and how they were organized in



managing Kapingazi catchment which are important in payment for ecosystem services initiative
implementation.

The third objective; perceptions of human activities affecting water provision ecosystem
service is discussed in section 2.4. It introduces human activities impacting water service
provision. Soko (2014) identifies urbanization, deforestation, mining, agriculture and power
generation affecting water quality of River Crocodile in South Africa. Ekka et al. (2020)
acknowledges human-induced alterations including inter-basin water transfer, agriculture,
urbanization, industrialization, ground water abstraction, the modification of stream channels, the
building of dams, and the extraction of sand resources had impact on river ecosystems services.
However, this does not identify precise effects on a given water catchment's water quality as well
as its overal quantity. This study aimed to fill the gap by identifying the human activities
influencing the availability and quality of water resources in the Kapingazi catchment.

The fourth objective; establishing a willingness to pay for ecosystem services related to water
provision is highlighted in Section 2.5. It discusses empirical research and the estimation of
willingnessto pay. Domestic water consumers' willingnessto pay for improved watershed services
in the Philippines Lawayan Catchment was evaluated by (Calderon et al. 2013). The water user
fee that would be collected from residential water usersin the Lawayan watershed was established
using the quantities obtained from the computation. The calculated values were used as the
foundation for the water user charge that was intended to be collected from the household water
users in the watershed of Lawayan. Bogale and Urgessa (2012) evaluated the willingness of rura
households to pay for improved water services and identified the factors that influence this
willingness. The purpose of the study was to assess the willingness to make monetary contributions
to a conservation fund in order to improve water service provision in terms of water quality and

supply in Kapingazi catchment.

2.2 Characterization of the status of ecosystem services

According to Convention on Biological Diversity (CBD), an ecosystem is a dynamic system
made up of living things like plants, animals, and microorganisms as well as the physica
environment of soil, water, air, and other non-living elements that interact as a single functiona
unit. These interactions involve energy flows, nutrient cycling, and biological processes that

sustain life. Ecosystems vary in size, from small-scal e habitats like apond or asingletreeto large-
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scale systems such as forests, rivers, or even the entire biosphere. (United Nations 1992: Article
2). Both living (plant, animals and microoganisms) and non-living (soil, water, air and climate)
components influence the structure, composistion and functioning of ecosystems.

Examples of ecosystems are coral reefs, estuaries, and open oceans are examples of marine
ecosystems, terrestrial ecosystems encompasses grasslands and forests whereas freshwater
ecosystems include rivers, lakes, and wetlands. Transitiona Zones such Mangroves, brackish
waters all encompass aquatic ecosystems. Ecosystems perform important functions that support
life on the planet and provide necessary services to humans and other species. These functions are
comprised of provisioning, regulating, supporting, and cultural roles into which they are divided.
Therefore, ecosystems are important to the health of the planet, enhance human well-being by
providing essential goods and services, regulate environmenta processes, and sustain cultural and
recreational needs. In order to secure a sustainable future that harmonizes ecological well-being
and human advancement, recognizing and protecting ecosystems is essential .

According to The Economics of Ecosystems and Biodiversity (2010) human activities either
directly or indirectly shapes ecosystems, and that people rely on these ecosystems to deliver
necessary services. As a result, ecosystems and humans are interconnected parts of larger social
ecological systems. A wide range of services are provided by ecosystems, and these services
interact in intricate ways and are frequently connected in both positive and negative ways. As a
result, different services are provided; however, other services are frequently adversely affected
when an ecosystem is largely managed for one service, like food production. The advantages that
ecosystems provide to humans are known as ecosystem services. They encompass the conditions
and processes that promote and enhance human well-being in natural systems and the species that
inhabit them.

Natural resources used by humans such as fruits, nuts, timber, game, textiles, fodder, and
medicina plants, are known as ecosystem goods. Ecosystem services which sustain life such as
crop pollination, nutrient and soil cycling, waste breakdown, and air and water purification, are
equally significant. By stabilizing the temperature, lowering the likelihood of extreme weather,
minimizing soil erosion, and reducing floods and droughts, these services help regulate the
environment (Newcome et al., 2005).

The Millennium Ecosystem Assessment (2005) classifies ecosystem services into four

categories. provisioning, regulating, cultural, and supporting services asillustrated in Table 2.1.
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Table2.1

Ecosystem services

Provisioning Services Cultural Services Regulating Services Supporting Services

Food Spiritual and religious  Climate regulation Soil formation
Fuel wood Recreation and Disease regulation Nutrient cycling
Fresh water ecotourism Water regulation Primary production
Fiber Aesthetic value Water purification Water cycling
Biochemicals Inspirational Flood control Provision of habitat
Genetic resources Educational Bioremediation of Production of
Ornamental resources  Sense of place waste atmospheric oxygen
Cultura heritage Pollination

Sour ce: Millennium Ecosystem Assessment (2005)

In order to raise awareness of the benefits ecosystem services provide to human well-being
and the necessity of protecting natural systems, assessing ecosystem services and the factors
influencing their provision as well as quantifying their economic value is crucia (Periotto &
Tundisi, 2018). The significance of identifying and assessing ecosystem services is universally
recognized as crucial for determining their global value (Constanzaet al., 2014; Groot et al., 2012).

Drivers that shape changes in ecosystem services are highlighted in the (Millennium
Ecosystem Assessment, 2005). Building on this, several classifications and frameworks have been
advanced, such as those presented by (Constanza et al., 2016; de Groot et al., 2002; Wallace,
2007). By providing a standardized system that enhances the comparability of assessments
worldwide, Haines-Young and Potschin (2013) developed the Common International
Classification of Ecosystem Services (CICES) to harmonize these varying typologies.

In Brazil, few studies have looked at these services in the context of catchments; most have
concentrated on the local and regiona effects of intensive agriculture on biodiversity and the
ecosystem services it provides. In order to close this gap, Periotto and Tundisi (2018) evauated
the ecosystem services of the Jacaré-Guacu and Jacaré-Pepira watersheds in Sdo Paulo State,
Brazil, over aten-year period. Through detailed mapping of these regions, their analysis assessed

the ability of land cover and land use to deliver ecosystem services as well as the main drivers of
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change. The results showed that there was reduction of regulating and supporting services in
cultivated and terrestrial regions. The wetlands and natural vegetation covered small areas and
they played an important role in preserving regulating and supporting services in both watersheds,
illustrating their ecological and economic significance. Degradation extent and the necessity for
maintenance or restoration were also highlighted.

Pettenella and Portacio (2017) assessed the ecosystem services provision in the pilot regions
of Misand Mae Rivers catchments in Belluno Province, Veteno Region, Italy through the project
recharge.green. With the objective to identify the most important qualities to protect while
generating renewable energy, they assessed the effects of power generation utilizing water
resources and woody biomass on ecosystem services. An economic approach to ecosystem service
valuation offers auseful way to examine the costs and benefits of exploitation of natural resources,
because it enables both to be evaluated within a consistent framework of measurement for
profitability analysis. By considering the socia costs associated with using natural resources,
trade-offs between renewable energy and ecosystem services can be highlighted within energy
production. In order to maintain the environment and at the same time generate renewabl e energy,
this assisted the decision makers in developing efficient strategies for the location of renewable
energy. The study identified key ecosystem services by ranking them across two pilot catchments
and highlighting potential areas for energy-related implementation, using a participatory approach
with local authorities and stakeholders. The results showed that while participants in Mis
emphasized environmental, tourism-recreational, and aesthetic landscape values, participants in
Mae emphasi zed ecosystem services mainly in terms of social, family, and economic values which
reflected the communities activities and interactions with their territories.

In order to analyze ecosystem services in the Ewaso Nyiro catchment which islocated in the
arid and semi-arid lands (ASALSs) of Northern Kenya, Ericksen et al. (2012) applied a framework
that categorized ecosystem services into intermediate services, final services, and benefits. The
provision of ecosystem services were characterized and mapped as bundles and they were
organized by geographic location and the type of land use. Its am was to categorize land units
ecosystem service profiles which are unique and to quantify key servicesrel evant to policy makers,
pastoralists, crop farmers, the tourism industry, and conservationists. Using knowledge on land
use patterns, information on livestock and wildlife distribution, forage production, and surface

water availability, seven different land use categories were identified and the ecosystem services
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linked to each were determined. Crop and livestock production, freshwater quality and quantity,
water security, climate regulation, tree and woody species, wildlife resources, flood regulation,
groundwater recharge, and the cultural values of livestock were the services highlighted in the
study. The results had significant implications for policy formulation and land management. They
demonstrated how land holders and decision-makers could better integrate ecosystem-based
approaches into catchment-level management and use ecosystem service information to guide
future land use planning and conduct comprehensive economic valuation.

It s important to incorporate ecosystem services into national and sub-national development
planning proedures, especialy in the management of water and land resources. Both poverty
dleviation efforts and environmental sustainability risk being undermined if development
initiatives overlook the value of ecosystem services supplied by catchment areas, as well as the
local communities who rely on these services. This study therefore aimed to assess the status of
ecosystem services within the Kapingazi Catchment in Embu County, Kenya. Since no prior
characterization of ecosystem services in this catchment had been undertaken, the research
addressed this gap by conducting a straightforward inventory of the ecosystem services available.
The findings provide a descriptive baseline that can be enhanced in future through more dynamic
approaches such as the development and validation of predictive models for specific system
interactions or controlled ecosystem experiments. The study identified a range of ecosystem
services supplied in the Kapingazi Catchment such as food production, water supply, fuelwood

provision, air purification, among others.

2.3 Catchment usersand their functions, catchment management practices, organization

and challenges of catchment management

2.3.1 Catchment usersand their functions

Globally, access to clean water has been expanded successfully due to stakeholder
identification and participation, which have become important in water management. (Koppen,
2000). In order to reduce the influence of well-connected and influencial stakeholdersin decision-
making over underrepresented groups, the concept is applied and described at three possiblelevels:
accounting for water uses, analyzing the legal and institutional frameworksin which water is used
and managed, and addressing issues of exclusion and (inclusion) of specific and particularly

disadvantaged social groups. Thisis an issue that is severe when resources (water quantity) are
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scarce and are being utilized in unsustainable manner. Bringing stakeholders together much earlier
in the planning process ensures solutions are developed in a participatory manner, thus improving
the outcome of their implementation (Global Water Partnership, 2017). It entails water, people and
society. By identifying key stakeholders, there is better comprehension of the system and enables
evaluation of their needs, priorities and interests. (Reed et al., 2009).

In natural resource management (NRM), stakeholder identification has largely stemmed from
concernsthat projects often do not meet their objectives because key stakeholders who stand to be
negatively impacted, choose not to cooperate or oppose the proposed changes (Talley et al., 2016).
Through identification of stakeholders relying on catchment’s natural resources, trade-offs can be
identified and resolved as well as conflicts of interests (Mekuria et al., 2021). The stakeholders
range from farmers, non-governmental organizations, government institutions as well as
institutions at national and multinational level.

In Hawassa catchment in Ethiopia, Mukeria et al. (2021) examined the main stakeholder
groups engaged in carrying out landscape restoration. Using the conceptua framework of
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES),
land degradation drivers and the interactions between ecological and social systems were anal ysed.
The study considered all groups affected by or involved in restoration activities, including those
with interests, rights, claims, or potentia costs linked to restoration outcomes. Stakeholders
identified ranged from government agencies, private sector, NGOs, and local administrations to
civil society, the private sector, and farmers. Their roles were comprised of technical and financia
assistance, capacity building, community mobilization, provision of labor, and the generation of
best practices. The results showed that top-down approach was used since the government
authoritiesand NGOs made decisions about community involvement leading to lack of incentives

to the locals and reduced adaptability of restoration strategies that are community-specific.

2.3.2 Catchment management practices, or ganizations and challenges of catchment
management

Globaly, catchment management practices have increasingly emphasized integrated
approaches that balance ecological sustainability with socio-economic needs, incorporating
measures such as afforestation, soil and water conservation, riparian buffer restoration, and

controlled land-use practices to mitigate degradation and enhance ecosystem services (Taylor et
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al., 2018). Effective catchment management often involves various organizations such as
government agencies, water resource authorities, community-based organizations, and non-
governmental organizations, whose roles includes policy formulation, implementation,
monitoring, and stakeholder engagement. However, catchment management faces numerous
challenges, for example limited financial and technical resources, weak institutional coordination,
overlapping mandates, low stakeholder participation, and resource use conflicts. Rapid population
growth, agricultural expansion, deforestation, and industrial pollution also exert pressure on
catchment ecosystems, complicating conservation efforts. Successful catchment management
requires not only technical interventions but also strong governance structures, stakeholder
collaboration, and mechanisms such as Payment for Ecosystem Services (PES) that provide
rewardsfor sustainable practices and help ensure that benefits are distributed fairly across different
users.

According to Zekele et al. (2006), top-down approaches rely heavily on command-and-control
systems that connect stakeholders seeking quick solutions in natural resource management.
However, this oftenly leads to short-term results such as quantity over quality and area coverage
over meaningful impact and sustainability. Since natural resource management is comprised of
multiple actors and challenges, it requires the understanding of local conditions. Therefore, it is
important to undertake broad stakeholder involvement in both decision-making and management
processes.

Borisovaet al. (2012) exposed weaknesses in stakeholder engagement in the devel opment and
implementation of a Total Maximum Daily Load (TMDL) plan in a Florida watershed. Due to
inadequate voting procedures, limited watershed representation on the TMDL executive
committee, inadequate i nformation sharing and concernsthat trade-offsfor achieving water quality
goals were insufficiently evaluated caused conflicts. Effective stakeholder identification was
necessary for collaborative watershed management, given Florida’s mandatory TMDL abatement
requirements and complex institutional settings. The study noted that the watershed’s diverse land
uses and stakeholders including agricultural producers, forestry representatives, local
governments, utilities, developers, academia, environmental organizations, and industry held
competing interests. Engaging these groups in informal reviews of the water quality model
ultimately facilitated the successful development and adoption of a TMDL for the watershed.
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In Kenya, human activities such as agriculture, livestock development and domestic water use
have negatively impacted water resources leading to serious water management related challenges
for continued social and economic development. Against this background, Mwando (2009)
focused to analyse community involvement in water resource management, stakeholder
collaboration, their role in enhancing access to reliable water, and the participatory approaches
challenges within Machakos Sub-County, Machakos County, Kenya. The main key stakeholders
identified were Water Resources Authority, Tana Athi Water Services Board, Catchment Area
Advisory Committee (CAAC), National Environment Management Authority, self-help groups,
Machakos water and sanitation company, WRUAS, private water service providers and TARDA .
The study identified the main challenge the stakeholders were facing were financia constraints.
For participatory approach in water resource management to take root, the community based self-
help groups required to be supported financialy and through capacity building. Bringing together
stakeholders with conflicting interests, alongside creating awareness among them, was essential .

The Water Act (2016) has distinguished various roles of different stakeholders to advance
integration that supports the sustainable governance of water resources and results in better water
accessfor al in Kenya. The potential for diverse stakehol ders working together leadsto consensual
decision making despite differences in their interests, either in implementing policies, land
restoration efforts or addressing challenges faced in water catchment management. Therefore, this
study sought to identify the catchment users/stakeholdersin Kapingazi catchment, their awareness
on catchment management and how they were organized in managing the catchment which was

and is very important in carrying out a payment for ecosystem services scheme.

2.4 Human activities affecting water provision ecosystem service

Water catchments play an important role in sustaining lives and livelihoods. They supply
essential ecosystem goods such as water, food, and hydroel ectric power, alongside critical services
such as nutrient cycling, flood regulation, water purification and recreation. Despite this
importance, they remain among the most endangered ecosystems worldwide (Dudgeon et al.,
2006). Globally, there are three major human activities affecting fresh water ecosystems; growing
population, growing economies and growing environmental insecurity (Heathewaite, 2010). With
human population growing exponentially and economic devel opment expansion, water continues

to grow in demand, placing river ecosystems at risk of further deterioration if not managed
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sustainably. Moreover, the large volumes of waste produced through industrialization further strain
and deplete vital natura resources (Fuggle & Rabie, 1994). While certain human activities
contribute to stabilizing and enhancing ecosystem services, alarger proportion generate ecological
crises and disasters that threaten human survival and development. Both positive and negative
human impacts shape water ecosystem services. The negative impacts reduce service provision by
atering habitats, disrupting ecosystem structures, and modifying biogeochemical cycles. Key
human-induced drivers include urbanization, land reclamation, grazing, industrialization, hunting,
agriculture and international trade.

According to Soko (2014), Industrialization, urban growth, deforestation, mining, agriculture,
and energy production have long been associated with significant changes in water resources.
Ecological processes that maintain natural water purification are affected by pollutants such as
effluents, discharges, and seepage from these sectors. Because human activities within a catchment
inevitably manifest in the quality of river water through runoff, the condition of rivers servesasan
indicator of the socio-economic situation and the environmenta attitudes of surrounding
communities. In Soko (2014) study, pollution issues were detected by measuring parameters such
as ammonia, dissolved oxygen (DO), total dissolved solids (TDS), biochemical oxygen demand
(BOD), heavy metals, nitrates, pesticides, phosphorus, pH, TSS, and turbidity directly impacted
the water quality of the Crocodile River in South Africa through industrialization, urbanization,
and agricultural activities. Land use activities such as agriculture influenced nutrient loading and
discharge into theriver.

According to Ekka et al. (2020), inter-basin water transfer, urbanization, industrial expansion,
agricultural practices, groundwater abstraction, channelization, damming, and sand mining are
among the multiple anthropogenic activities at both catchment and reach levels that have altered
river ecosystem services. These modifications reduced ecological and socio-cultural benefits but
improved economic values. Hydrology and water quality were affected by land use changes such
as urban growth, deforestation, and agriculture which disrupted water balance by increasing
impervious surfaces and compacting soils through infrastructure like pavements, rooftops, and
parking areas. Deforestation modified local microclimates, influencing precipitation and
evaporation patterns and consequently runoff flows. Interventions such as groundwater
abstraction, inter-basin transfers, channelization, and sand mining reduced water availability.

Supporting these findings, Hu (2019) demonstrated that excessive sand mining not only reduced
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water supply in downstream areas but also compromised river stability in the Hanjiang River
Basin.

Water ecosystem services degradation due to anthropogenic pressures has become an urgent
environmental concern worldwide. Significant changesin water catchments continue to undermine
the ecological balance of rivers. While rivers have self-purification functions, these mechanisms
areincreasingly disrupted by human interventions within their catchments. It isthereforeimportant
to understand the extent and mechanisms through which human activities affect water ecosystem
services. Therefore, this study sought to identify the key human activities affecting water quality
and availability in the Kapingazi catchment, Embu County, Kenya.

2.5 Establishment of the willingnessto pay for water provision ecosystem services

Willingness to pay (WTP) for ecosystem services refers to the financial value that people,
communities, or organizations are ready to offer to protect, improve or restore the benefits that
ecosystems provide. However, the concept is two-sided because it involves both the payer (the
party willing to compensate for ecosystem services) and the payee (those who manage or provide
the services).

2.5.1. Willingnessto pay (WTP)

This part of the transaction highlights the need for ecosystem services where people,
businesses, and governments commit financial resources to ensure a continuous supply of
ecosystem services like carbon storage, air purification, clean water and biodiversity preservation.
People's value for protecting or improving ecosystem health and the benefits they derivefromitis
reflected in their payment. This side is driven by factors such as personal benefit, ethical

consierations and environmenta degradation awareness.

2.5.2. Willingnessto accept (WTA)

In the other side, the payee typically landowners, communities or organizations in charge of
natural resource management must be open to receiving compensation in order to preserve or
improve ecosystem services. For instance, these payees might forgo activities (such farming,
logging, or development) in return for monetary rewards for preserving or responsibly managing
the land sustainably. Their willingness to accept varies depending on the opportunity costs of
protecting ecosystems as opposed to engaging in other economic activities.
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Example of Two-Way Payments in Ecosystem Services:

Payers: These are governments, industries or individuals who may pay for protection of a
forest for its biodiversity or carbon sequestration benefits.
Payees: These are landowners or forest managers who receive payments to ensure that the

forest remainsintact and continues to provide ecosystem services.

By treating ecosystem services as valuable commodities that can be paid for by those who
benefit from them and compensated for by those who are responsible for their maintenance, this
dynamic produces a transaction that is market-like. Payment for ecosystem services (PES)
programs formalize these exchanges, ensuring equitable transactions between those who benefit
from ecosystems and those who provide or protect them.

There are severd factors that determine willingnessto pay (WTP) for ecosystem services such
as socio-economic characteristics, cultural values, trust in institutions, awareness of ecosystem
benefits, policy frameworks, and local environmental conditions. According to previous research,
WTP increases when people understand the val ue of these services and when transparent processes
link their contributions to quantifiable results, like improved resource accessibility or
environmental quality (Udugama €t. al., 2024). Understanding these factors helps in designing
effective conservation campaigns, payment schemes for ecosystem services (PES), and policies
that can encourage greater public participation in conserving the environment.

V arious studies use contingent val uation methods (CVM) to estimate willingnessto pay (WTP)
(Tanellari et al., 2015). According to economists, a policy is desirable if it meets the criterion of
Pareto optimality meaning that those who benefit (“winners”) could, in theory, compensate those
who are negatively affected (“losers™) and still retain a net benefit (Loomis, 2002). For watershed
management, this principle suggests that downstream users who gain from enhanced services
could offset the | osses experienced by upstream communities, while continuing to benefit from the
improved catchment services.

Using contingent val uation method, a survey-based val uation technique, respondents can make
hypothetical economic decisions about goods or services for which there is no real market. With
this approach, the vauation is dependent on the questionnaires simulated market. For
environmental goods or services, CVM ams to ascertain the maximum willingness-to-pay (WTP)

(Wedgwood & Sansom, 2003). In environmental economics, it is commonly used to calculate the
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use and non-use values of environmental resources (Venkatachalam, 2004). The basic principleis
that people may value environmental quality improvements as stated in the survey. WTP was
utilized as the dependent variable in this study.

CVM has been used in various studies to quantify the value of ecosystem services related to
water that are not marketable. In their research, Calderon et al. (2013) evaluated household water
users willingness to pay (WTP) for better watershed services of the Layawan Catchment in
Oroquieta City, Philippines. Over 50% of participants said they would be ready to make a
monetary contribution to watershed conservation in acontingent valuation referendum used in the
study. According to parametric and non-parametric estimates, the average monthly WTP per home
was Php 57.48 and Php 53.89, respectively. This amounts to around 0.68% of the average
household income of Php 8,198.84. These figures were meant to serve as a reference in order to
determine awater user fee for residential customers in the Layawan Watershed.

Bogale and Urgessa (2012) using contingent vauation method in their study, analyzed rural
households' willingness to pay (WTP) for better water services and determined its drivers in an
Eastern Ethiopian. According to their findings, the average price that families were ready to pay
for a20-liter jerry can was 2.30 cents. Income, education, gender, time spent fetching water, water
treatment methods, water quality, and water expenditure were important factors that positively
influenced WTP but age had a negative and significant impact on WTP. This was important in
providing affordable water supply for the rural community by the government and enhanced water
quality supply for the rural community.

Similarly, Durham and Wake residents in North Carolina, USA were willing to pay for land
conservation upstream for water quality improvement with a mean WTP of USD 10.3 and
USD9.96 per month, respectively, given the environmental degradation and population increase
in the areas (Joo, 2011). In Lahore, South Asia, the household heads’ education level was a key
determinant of willingness to pay (WTP) for better drinking water quality in order to ease the
burden of diseases at the hospitals in the monsoon due to water borne diseases. The willingness to
pay calculated enabled effective pricing policies to cover the incurring losses and ensure
sustainable water quality and supply (Noor et al., 2010).

The CVM was used in a study conducted in Southern Ethiopia's Shebedino District to find out
how much families were willing to pay (WTP) for better water services (Behailu et al., 2012).
According to the study, 83.62% of respondents said they would be willing to pay 10 cents a month
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for 25 liters of water. Just 1% said they were unwilling to pay for better services, while 17.1%
indicated that they used clean water at no cost. Perceptions of water as a public good that ought to
be freely accessible, along with claims that taxes already cover service provision, alack of faithin
the government because of corruption, and opinions that either the private sector should bear the
cost or contributions should remain voluntary were the main causes of the reluctance to pay.

Bautista (2003) explained that there are several factors influencing beneficiaries’ willingness
to pay for watershed protection services such as the payment required for existence and
enforcement of policies, current water quantity’s perceived threats, unpredictable future
availability, identification of the service’s economic utility and confidence in the transparent use
of funds. Likewise, according to Amponin et al. (2007), 78% of respondents indicated that they
preferred a more reliable water supply while 21% of respondents regarded watershed protection
primarily for future generations. Other motivators were preventing the deterioration of watersheds
(12%), continuous supply of ecosystem services (7%), believing that everyone would benefit (4%),
being willing to contribute (3%) and feeling a sense of obligation as water users (2%).

Ndeteiwo et al. (2013) conducted astudy in Lower Moshi of the Pangani Basin which indicated
that about 79% of the farmers surveyed were willing to pay extra fees to reward landowners
around catchment forests in order to improve both the quality and quantity of water. The value of
proposed contributions varied depending on the respondent. About 21% of the farmers were
against paying additional amount of money because they received poor service despite, paying for
irrigation water through water user rights unless they were assured of areliable water supply.

Several environmenta initiatives emphasising on community involvement, sustainable land
management, and ecosystem restoration have been implemented in Kenya. The Kapingazi River
Restoration Project’s in Embu County objective was to preserve riverine regions while improving
river flow and recharge by encouraging communities to plant trees. It involved 800-1000 homes
in five focal development areas, supporting poverty reduction and environmental conservation.
The program removed invasive species and replaced them with indigenous ones under the
instructions of Community Forest Associations(CFASs) while providing incentives and monitoring
to encourage the sustainable practices adoption (Kagombe et al., 2018).

In order to address severe environmental degradation in Nyando and Yala river catchments
due to high sediment and phosphorus deposits in Lake Victoria, the Western Kenya Integrated

Ecosystem initiative was conducted. It encouraged shifts from short-term maize cultivation to
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sustainable approaches such as tree-based enterprises for 8,000 — 12,000 households across 5-10
million hectares with the objective of promoting sustainable land management. In support of these
efforts, a stakeholders' consortium, comprised of KALRO, CIFOR-ICRAF, universities, and
government agencies, worked together through financial assistance provided by the World Bank
and GEF. Soil and water management practices were introduced by the project, halting soil
degradation and improving crop yields while building resilience against climate change. Farmers
were incentivized through materials support, capacity building, and soil management techniques
(Kagombe et al., 2018).

The Naivasha Equitable Payments for Watershed Services project sought to reduce sediment
deposits entering Lake Naivasha from the Turasha and Kinja river catchments in Nyandarua
County through the restoration of riparian vegetation. Through scoping, implementation and
scaling up, it aimed to test mechanisms for sustainable watershed management and livelihood
improvement. The project encouraged sustainable land management strategies such as tree
planting initiatives, agroforestry, and soil conservation methods by working with 565 small-scale
farmers. WWF and CARE facilitated incentives amounting to $20,000 in compensation to farmer
groups and agro-input vouchers, with payments delivered through Water Resource Users
Associations (WRUAS). The payments were negotiated between farmers and buyers such as Lake
Naivasha Growers Group creating a buyer-seller forum for long-term management of the scheme.
The project’s objective was to provide benefits like firewood, fruits, and health improvements,
alongside enhanced farm productivity and strengthen community institutions over time (Kagombe
etal., 2018) .

With the aim of addressing environmental degradation through payment for ecosystem
services, the Sasumua Pro-poor Rewards for Environmental Services in Africa (PRESA) project
in Kenya, led by ICRAF and JKUAT focused on watersheds providing water to the Sasumua
Reservoir, where smallholder farms contributed to sediment and pollution. The project spent USD
159,864 since 2008 to compensate farmers through vouchers for farm inputs, tree planting, and
terracing. The Nairobi City Water and Sewerage Company (NWSC) was to save up to US$23,256
annually on water treatment costs by reducing sediment yield through sustainable land
management practices. A proposed grass-covered waterway was to reduce sediment by 20%,
benefiting both NWSC and local farmers, who would receive US$9 per household annually. The

willingness to contribute to funding watershed conservation was expressed by over 40% of
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Nairobi’s water consumers. Each project emphasized the importance of strong partnerships,
baseline data, and incentives for successful implementation (Kagombe et al., 2018).

Cowling et al. (2008) indicated that in order to achieve broad uptake of ecosystem service
initiatives, early engagement of key stakeholders is important in designing effective PES
programmes. Cocklin et al. (2007) highlighted that beyond biophysical elements, PES initiatives
should reflect the social, ecological and economic realities of a given area as well as capacities of
local institutions and communities by integrating stakeholder perspectives. Thus, the River
Kapingazi catchment emerged as a suitable case for assessing willingness-to-pay or co-investment
strategies towards a conservation fund since it delivers critical water and ecosystem services to
multiple stakeholders both within and outside its boundaries. This presented a unigque opportunity,
as such a study had not previously been implemented in the catchment.

Table2.2
I dentification of research gaps

Specific Objective Authority Nature of study Gaps
(Empirical,
Framework,
Theoretical)
1. Characterization of the Periotto and Tundisi Empirical Identification of all
status  of ecosystem (2018) ecosystem services
services Pettenella and provided in catchments
Portacio (2017), and ranking themin
Ericksen et al., terms of their importance
(2012) by the respondents.
TEEB (2010) Framework
Millennium Framework
Ecosystem
Assessment (2005)
Common Framework
International
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2. ldentification of
catchment users/
Stakeholders in catchment

3. Perceived human
activities impacting water
provision ecosystem

service.

4. Establishment of the
willingness to pay for
water provision ecosystem

service

Classification of
Ecosystem Services
Zekele et al., (2006)
Borisova et al.,,
(2012)
Mukeria
(2021)

e al,

Intergovernmental
Science-Policy
Patform on
Biodiversity and
Ecosystem Services
(IPBES)

Soko (2014),
Ekkaet al., (2023),
Hu (2019)

Calderon
(2013)
Bogale and Ergessa
(2012),

Joo (2011),

Noor et al., (2010),

et al,

Empirical

Framework

Empirical

Empirical

Identification of the
catchment  users in
Kapingazi catchment,
their ~ awareness  on
catchment management
and how they were
organized in managing
Kapingazi catchment
which areimportant inthe
implementation of
payment for ecosystem

Services scheme.

Identification of the
perceived anthropogenic
activities impacting on
both water quality and
water quantity.

Eliciting the willingness
to  pay
conservation fund to

towards a

improve water service

provision in terms of
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Behailu et al., (2012) water quality and water
Kagombeet al., quantity in catchments.
(2018)

2.6 Theoretical framework

This study is based on two key frameworks: the demand and supply theory and the Driving
forces, Pressures, States, Impacts and Responses (DPSIR) framework of the European
Environment Agency (Tapio & Willamo, 2008). How the prices and the quantities of goods and
services are determined in a market are explained in the theory of demand and supply. Demand is
the willingness and ability of consumersto buy a product at different price levels, while supply is
the willingness of producersto sell at those prices. When demand increases while supply remains
constant, the pricesrises; on the other hand, when supply increases while demand remain constant,
the prices fal. Where demand and supply meet, establishing the prevailing market price,
equilibrium occurs at that point (Dean et al., 2020).

Through ecosystem services and particularly through payment for ecosystem services
programmes, the concept of demand and supply can be applied. Kapingazi catchment, provides
important ecosystem services such as water, which are highly sought after by industries and local
communities. When population growth and industrial activities increase, the pressure on these
services intensifies. At the same time, environmental degradation and unsustainable exploitation
limits their supply especially clean water and flood regulation.

In order to incentivize landowners to conserve ecosystems, PES creates a market mechanism
whereby beneficiaries of ecosystem services (demand side) compensate the individuas or
communities who manage and sustain them (supply side). To encourage behavioural change that
ensures continuous supply of ecosystem services, payments have to be made. By balancing
demand and supply through internalizing the external benefits of ecosystem services (like water
purification), PES programmes aign the interests of users and land managers. Without proper
management, there would be reduced ecosystem functions causing an imbalance, highlighting the
importance of mechanisms like PES in regulating ecosystem demand and sustainable use.

The dynamics of ecosystem services combined with the concept of willingness to pay in the
Kapingazi catchment can further be explained by the theory of demand and supply. Asthe demand

for water provision increases due to population growth and industrialization, the WTP of users
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becomes akey factor in determining how much they value these services. The WTP on the demand
sidereflectstheir willingness to invest in conserving ecosystem services and the recognition of the
importance of these services. On the supply side, ecosystem managers or landowners deliver
essential ecosystem services such as improved water quality an quantity as well as flood control.
However, the supply of these services are threatened by environmental degradation and over-
extraction. PES fills this gap by compensating landowners for protecting and improving them by
making the supply of these services more sustainable.

The pricethe beneficiaries are prepared to contribute for continued supply of ecosystem service
is established through the WTP. Resource users are more likely to support conservation efforts
when they place high value to clean water and related benefits (Udugama et al., 2024). In order to
promote the sustainable provision and management of ecosystem services, PES connects the
demand and WTP of users with their supply. When the WTP is low, there would be insufficient
funds to compensate landowners, leading to reduced supply of ecosystem services.

The interactions between human society and the environment is analysed using the DPSIR
framework (Tapio & Willamo, 2008). This framework outlines causal linkage beginning with
driving forces, followed by pressures, then states and impacts, which leads to responses. Drivers
are the underlying causes or socioeconomic forces such as population growth, industrialization
that lead to environmental pressures which are direct effects of human activities (e.g.,
deforestation, pollution) that affect the environment. The state is the current condition of the
environment (e.g., water quality, ecosystem health) as a result of pressures. Changes in the
environmental state leads to impacts on the functioning of ecosystems, their ability to sustain life,
health, economic stability, and social development of society (e.g., loss of biodiversity, water
shortages). These undesired impacts lead to responses through actions or measures taken by
society, including policies and management strategies, to mitigate pressures, restore the
environment or adapt to impacts. These responses serve as corrective functions through
compensation for, reduction prevention and elimination. The framework was particularly useful in
clarifying how the literature review, significance of the study, the problem statement, and the
objectives relate to the applied methodology as shown in Figure 2.1.
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Drivers Pressures State I mpact
Industrialization Water abstraction, Reduced water Reduced access
Population growth Pollution quality to clean water,
Agricultural expansion |__,| peforestation and Reduced water __ ) Lossof

land degredation quantity livelihoods,
Biodiversity loss Ecosystem Health risks
degradation
Declining
ecosystem services
A

A

Responses

Payment for ecosystem services

proj ect

Conservation and restoration projects
Policy reforms

Stakeholder engagement

Figure 2.1: The DPSIR model for Kapingazi catchment

2.7 Conceptual framework

The conceptual framework highlights how the dependent, independent and intervening
variables are connected, thereby providing understanding on how the variousfactorsinfluence one
another. Thisfacilitated the study to concentrate in important variables and how they affected one

another, ensuring data collection and analysis were in line with the study’s objectives.

2.7.1 Dependent variables

The status of ecosystem services which constitute the dependent variable was assessed by
identifying various ecosystem services provided in Kapingazi catchment such as water provision,
food, timer, flood regulation among others. The study ranked various ecosystem services by
importance in order to conserve them and water was the most important ecosystem service in
Kapingazi catchment. This operationalization alowed the study to understand that there was need
to conserve Kapingazi catchment in order to improve the delivery of water services, both in quality
and quantity implying that the catchment had water shortage. Water provision is an important
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ecosystem service. In order to directly inform strategies for improving water conservation and

management practices in the catchment, its important to understand its status.

2.7.2 Independent variables

Various catchment users such as farmers and industries were identified in the study and their
conservation practices within the catchment. It then looked into how these management practices
contributed to environmental degradation or promoted conservation. Organization of catchment
users, functions of the organizations in catchment management were also assessed thereby
revealing the key challenges in managing the catchment. In order to recommend interventions and
improvements, it was important to understand current management practices in Kapingazi
catchment.

The study also focused on perceived catchment user activities (agricultural and industrial) like
deforestation, water abstraction, and lack of soil and water management practices, affecting water
provisioni.e. water quality and water quantity. These constituted the independent variables. These
measurements helped in quantification of the perceived negative human activities affecting the
catchment’s capacity to deliver clean and adequate water. Water quality and quantity as well as
ecosystem health are directly affected by human activities. Recognizing these activities helps in
assessing their positive or negative impacts on water provision.

The independent variable WTP was €licited through household survey to assess the financial
commitment respondents were willing to make for improved water services provision. Age,
education level, and the household size were the socio-economic factors influencing respondents
WTP for improving water provision services. Assessing WTP was important in determining the
feasibility of introducing PES to incentivize conservation in Kapingazi catchment, which is

important for funding sustainable practices.

2.7.3 Intervening variables

Government policies on water management, land use, and conservation (e.g., restrictions on
deforestation or pollution limits) influence how catchment user activities (e.g., farming, industrial
discharge) are carried out with water in high demand. Through effective environmental regulation
enforcement, negative effects of human activities on water quality and supply can be mitigated.

By having in place strong policies, the negative effects of human activities on the environment can
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be reduced, leading to improved water provision. But when there are weak policies, degradation
is exacerbated.

How effectively policies are implemented and how well users comply with conservation
regulations depends on the strength of local governance and institutions. Strong institutions ensure
better management of the catchment, reducing illegal or unsustainable activities and improve
ecosystem services and water provision. Catchment users may not follow regulations if local
ingtitutions are weak, leading to degradation of ecosystem services. Both ecosystem health and
WTP can positively be influenced by strong institutional frameworks.

The intervening variables such as government policies and institutional capacity act as an
intermediary linking human activities (independent variabl es) with the status of ecosystem services
and water provision (dependent variables). Their existence can either increase or mitigate the
consequences of impacts on the ecosystem, directing the study towards identification of
sustainable practices and improving management strategies.

In order to align data collection, analysis, and the study’s intended objectives, the conceptual
framework was highly useful during the execution of the study by clarifying rel ationships between
variables which helped in focusing on relevant variables and how they influence each other. The
study had enhanced practical application of results since the conceptual framework guided data
collection and analysis ensuring comprehensive study execution by ensuring that the study’s
outcomes were actionable. Through the analysis of the relationships among variables such as
policies and ingtitutions, the framework facilitates the formulation of policy recommendations and
sustai nable management strategies by clarifying how they affect the management of the ecosystem.

The conceptual framework was important in the execution of the study since it clarified how
various factors such as catchment users, human activities, willingness to pay (independent
variables), policies and institutions (intervening variables) influenced water provision i.e. water
quality and quantity (as the dependent variables) in the Kapingazi catchment, directing the course

of the research and helping to achieve the study’s objectives effectively.
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I ndependent variables

Dependent variable

River Kapingazi Catchment - Catchment users

Conservation B - Percelved catchment user
Water quality ) 4 activities impacting water
Water quantity quality and water quantity

Willingnessto pay for
water ecosystem services

Policies
Legal framework and
Institutions

Intervening variables

Figure 2.2: The conceptua framework for the willingness to pay for ecosystem servicesin

Kapingazi catchment
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CHAPTER THREE
RESEARCH METHODOL OGY

3.1 Introduction

In this section, the research methodology of the study is described in detail. The chapter
includes the outline of the study area, research design, target population, data collection
instruments and procedures and winds up by providing a narrative on data analysis. Vaidity and
reliability are covered to justify the study.
3.2 Study area

3.2.1 Location of the study area

The study was conducted in Embu North and Embu West sub-counties in Embu County,
specificaly targeting farmers in the Kapingazi catchment in the sub-counties. The total area
coverage of the catchment is 61.23 km?, encompassing five Focal Development Areas (FDAS):
Kithunguriri, Kiriari, Kairuri, Mutunduri, and Muthatari. It extends approximately 24.5 km from
its northern most point in the Mt. Kenya Forest Reserve to the confluence where the Kapingazi
River joins the Rupingazi River. The catchment lies within coordinates 37°27'-37°31' E and
0°20'-0°34' S, with altitudes ranging from 1,200 to 2,100 meters above sea level.
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Figure 3.1: Map of Kapingazi catchment
Sour ce: PRESA- World Agroforestry Centre (2011)

3.2.2 Ecological characteristics

3.2.2.1 Climate, rainfall and temperature

The catchment is situated across four agro-ecologica zones: the Lower Highland Zone 1,
Upper Midland Zone 1, Upper Midland Zone 2, and Upper Midland Zone 3. The area experiences
a bi-modal rainfal regime, whereby long rains occur between March and June, and short rains
between October and December. The average annual precipitation is approximately 1,067.5 mm,
though totals vary with altitude, ranging from 640 mm to 1,495 mm per year. Temperatures
fluctuate seasonally, with aminimum of 12°C in July and amaximum of 30°C in March, averaging
21°C annually. Due to its broad altitudinal variation, the catchment exhibits notable temperature
differences, with July recording the lowest monthly average of 15°C and September reaching the
highest at 27.1°C (Embu CIDP, 2019).
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3.2.2.2 Soils, relief and drainage

The soils in the catchment falls under the volcanic foot ridges fertile soils but very erodible
and dark reddish brown in colour. This type of soil are well-drained, very deep to extremely deep
(GOK, 2007). These are loam to clay soils which exhibit low erodibility due to their cohesive
nature. However, when they have low organic matter content and moderate permeability, they can
affect water retention and increase susceptibility to erosion under certain conditions. Areas with
disturbed vegetation or improper land use practices are particularly at risk. The catchment is
characterized by a varied terrain. The upper catchment features hilly and undulating landscapes,
predominantly covered by Mt. Kenya forest and tea plantations. The elevation here contributes to
steep slopes, which are prone to erosion, especially when vegetation cover isremoved. Theterrain
gradually transitionsinto gentler slopesin thelower catchment. The drainage system in Kapingazi
catchment is influenced by its topography and land use. The catchment has a network of streams

and River Kapingazi that contribute to the Tana River system.

3.2.3 Economic activities

The catchment has high agricultural potential for growing cash, horticultural and food crops.
The main cash crops were tea and coffee, while other key crops cultivated were food crops grown
in the catchment both under irrigation and rain fed agriculture. They include maize, beans,
tomatoes, onions, cabbages, French beans, rice, Asian vegetables and capsicums. The farm sizes

range from 1 acre to 15 acres. Livestock production in the catchment is also practiced.

3.2.4 Population

The population of the catchment was 41,000 people with an estimated 9,150 households
(MKEPP, 2009). This population density is significantly higher than Kenya's national average at
the time, which was about 66.4 persons per square kilometer. The high density in the Kapingazi
catchment is attributed to itsfertile soilsand favorabl e climatic conditions, which support intensive
agriculture. Distinguished by small farms and increasing agricultural intensification, the region’s
key crops include maize, beans, tea and coffee. The target population comprised of farmers in
Kapingazi catchment, who lived adjacent to River Kapingazi in the five Focal Devel opment Aresas,

the beneficiary organizations and catchment management groups in the catchment.



3.3 Research design

According to Kasomo (2006), survey design plays akey role in enabling researchers to assess,
interpret, and connect various phenomena, events, and issues with accuracy. This study utilized a
cross-sectional approach combined with a socia survey research design to observe situations in
their natural state and explain the factors influencing them. This design allowed for a clear and
adequate description of individuals, activities, and objects. Data collection was both qualitative
and quantitative, drawn directly from respondents through the cross-sectional approach. The
method was not only efficient and cost-effective but also provided valuable self-reported insights
into respondents’ habits, attitudes, opinions, and feelings. (Kombo & Tromp, 2007; Kothari, 2007).

3.4 Sampling
3.4.1 Samplesize
The households in Kapingazi catchment were the sampling units. The number of households

in Kapingazi river catchment was estimated to be 9,150 which constituted the sampling frame. For
statistical purpose and analysis Nassiuma, (2000) offers aformulafor cal culating the sample size.
The sample size was calculated using the following formula:
n = NC?%C?+ (N-1) &
Where,

n required sample size

N the given population (9,150)

C Coefficient of variation (30%)

e Margin of Error (3%)
Through substitution, the sample size was calculated to be 100. This sample was considered high
enough for the required accuracy of the data. The population (N=9150) is relatively large, so
selecting a sample size that was statistically sufficient to represent the population was important.

Although a sample of 100 is relatively small, when the variability and margin of error are

managed appropriately, it still provided enough data for meaningful analysis. It would be time-
consuming, expensive, and impractical collecting datafrom 9,150 households. In order to maintain
efficiency in terms of time, labor, and financia resources, a sample size of 100 struck a balance
between gathering enough data for robust statistical analysis. A sample size of 100 captured the

diversity and variability within the population since the population was homogeneous, therefore

35



minimizing the likelihood of new datayielding substantialy different results. There was moderate
variability in the population which was indicated by a coefficient of variation of 30%, meaning
that there was some diversity in the characteristics being studied. The formula adjusted the sample
size to ensure that 100 responses could still provide a reliable estimate of the population's
characteristics since a higher coefficient of variation would require a larger sample size, but at
30%. The sample estimates were expected to be within 3 percentage points of the true population
values since a margin of error of 3% is quite precise for most surveys. Where a high degree of
confidence is desired, this level of precision istypical in survey-based studies. Regardless of the
population being of moderate size, by applying this margin of error, the formula ensured that the
calculated sample size was large enough to reach the required precision level.

Using asamplesize of 100, the variability within the population was statistically adequate and
provided accurate estimates with a 3% margin of error and a coefficient of variation at 30%. This
struck a balance between the need for representativeness and the practical limitations of time and
resourcesfor datacollection by collecting datafrom 100 households. The sample size strengthened
thevalidity of the results, making the conclusions drawn highly reliabl e about the entire popul ation
based on the sample. Therefore, with a population of 9,150, a 3% margin of error, and a 30%
coefficient of variation, asample size of 100 isjustified using the formula, asit meetsthe statistical
requirements for accuracy and precision.

To achieve this sample size a combination of stratified sampling in focal development areas
and systematic random sampling technique were used. The sample population were respondents

along Kapingazi River within the catchment.

3.4.2 Sampling procedure

The catchment is divided into five Focal Development Areas (FDAS) (Enjebo and Oborn,
2012). Each FDA had a sample size of 20 households which were randomly selected adjacent to
river Kapingazi. This was arrived at by obtaining the sample per stratum through dividing the
sample size (100) by the total number of strata (number of FDAS) providing an equd
representation from each stratum. The equal allocation is justified since this approach assumed
that the population in each FDA was sufficiently similar. This ensured that there was no over- or

under-sampling of any group, hence a balanced and fair representation of each stratum. This
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avoided the risk of bias that could arise from disproportionately large or small samples in any
stratum. Thisis shown in Table 3.1.

Table3.1
Focal development areas and the respective sample size of households for data collected

Focal Development Areas No. of Households

Kithunguriri 20
Kiriari 20
Kairuri 20
Mutunduri 20
Muthatari 20
Total 100

3.5 Research instruments and their validity

Household questionnaires, focus group discussions questionnaire, and key informant interview
schedules were utilized as the primary instruments for data collection in the study to gather
information on demographic, socio-economic, the status of ecosystem services in Kapingazi
catchment, the catchment users/stakeholders in Kapingazi catchment, catchment user activities
that areimpacting on water provision servicein Kapingazi catchment and establish the willingness
to pay for water provision services by the catchment users in Kapingazi catchment used in the
study are attached as Appendix 3, 4, 5, 6, and 7.

3.6 Data collection and analysis
3.6.1 Data collection

The data collection processinvolved severa steps to ensure accuracy, reliability, and validity:
It involved getting consent from National Commission for Science, Technology and Innovation
(NACOSTI), and local administration for authority to conduct research from Kapingazi catchment,
Embu County, Kenya. The study objectives were defined, clarifying the research goals by
specifying the questions to be answered, variables involved, and the population that served as the
source for the samplei.e. from households, community organizations and institutions.

The study objectives guided the data collection methods to be used. Primary datawas collected

directly from households through household questionnaires, focus group discussions with
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Kapingazi WRUA, Irangi CFA and FDA committees, key informant schedules with institutions
like NEMA, WRA, Upper Tana NRMP, KenGen, Embu Water and Sanitation Company
(EWASCO) and observation list for in-depth responses, phenomena and observed activities. The
study relied on books, journals reports and other research publications to collect secondary data.

Straightforward and unbiased closed- and open-ended questions were used to develop
Household questionnaires, focus group discussion guides, key informant interview guides, and
observation checklists were developed to facilitate effective data collection. The study adopted
random and stratified sampling methods, with a sample size of 100 households. Pilot testing was
done in Rupingazi catchment to test the data collection instruments on a small scale to ensure
clarity and functionality. The data collection tools were refined to address issues that arose.

Household questionnaires were used to collect data, with respondents receiving guidance
through the items and the responses recorded down. Administered questionnaires were preferred
since the researcher clarified any misunderstanding and misinterpretation of words or questions
where necessary which led to clearer answers. It also minimized chances of respondents not
responding to the entire questionnaire. Information on social economic characteristics, status of
ecosystem services, catchment users, their organization, functions and challenges, anthropogenic
activities and willingness to pay for enhanced water services was collected using both open-ended
and closed-ended questions. Questionnaires were administered by making visits to every sampled
household and interviewed a member of the household selected. Each Focal Development Area
acted as a stratum and the Focal Development Area members list as a sampling frame.

The focus group discussions were conducted in one venue using guided discussions through
guestions which were answered by Kapingazi WRUA, Irangi CFA and Focal Development Area
committees. Key informant schedules were administered to various officers of NEMA, WRA,
Embu Water and Sanitation Company and KenGen. They were intentionally selected to be part of
the study. Notes of observations or interview insights were taken, ensuring accurate and
comprehensive documentation. The process ensured that the participants had willingly given their
informed consent and were aware of the study’s objectives.

Data accuracy and consistency was ensured to avoid introducing bias through data cleaning to
check for errors and any other issues that arose were addressed. Data was stored securely ensuring
confidentiality and following ethical guidelines. To enter and analyse data, SPSS version 22

software was used. The results were analysed in accordance with the objectives of the study and
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presented in a final report in form of a thesis, detailing the data collection process, anaysis,

findings, conclusions and recommendations. These steps ensured effective data collection process.

3.6.2 Data analysis

The study organized the data to ensure it directly responded to the defined objectives and
research questions. Data processing started with the coding of the questionnaire items. The coded
data was tabulated in data and variable view in SPSS version 22 software. Using descriptive
statistical methods, the study examined the status of ecosystem services and identify the catchment
users/stakeholders, their organization, functions and challenges in Kapingazi catchment. Logistic
regression statistical toolswere used to determine the perceived catchment user activitiesthat were
affecting water provision service in Kapingazi catchment and establish the willingness to pay for
water provision services by the catchment users in Kapingazi catchment. The study met the
assumptions required for applying the logistic regression model in assessing perceived human
activities influencing changes in water quality and quantity, as well as willingness to pay for
improved water services in the Kapingazi catchment. The dependent variables were dichotomous
(Yes/No) while the independence of observations in dataset was confirmed by the Durbin-Watson
test. The variance of inflation factor (VIF) of linear regression confirmed that there was no
multicollinearity among the independent variables. A linear relationship between the independent
variables and the logit of the dependent variables, as well as overall goodness of fit, were further
verified by the Hosmer—Lemeshow test.. In addition, Cook’s distance indicated that there were no
influential outliers. Data analysis was conducted in alignment with the specific objectives and
research questions of the study.

3.7 Reliability

The study tested the degree to which the results remained consistent over time and accurately
reflected the characteristics of the entire population under study. This determined whether the
research instrument yielded uniform data when repeated multiple times i.e. how consistent a set
of measurements are. This was done through pre-testing of research tools through administration
guestionnaires to 15 households selected through simple random sampling in Rupingazi river
catchment in Embu County which was not to be included in the sample size since it had similar

characteristics to those of Kapingazi River catchment. This assisted in the identification of issues
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in the data collection instruments and find possible solution to the problems that arose from the
guestionnaire.

3.8 validity

To establish whether the research genuinely measured its intended objectives and reflected
truthful results, validity testing was conducted to ensure credibility. It assessed whether the
conclusions derived from the findings were accurate and relevant. This was done though re-
checking each filled questionnaire just after the interview in order to correct any missing data or
under response. The filled interview schedules and questionnaires were carefully checked to
confirm correctness and consistency in the responses each day after data collection. Thisinvolved
going through the entire filled schedules and if an error was found, it required verification from
the respondents and the information was filled in the missing information. To test validity,
triangulation using information from different sources such as key informants and focus group
discussion was also used. It reduced bias and tested consistency of findings obtained through
different instruments.

3.9 Contingent valuation method for eiciting willingnessto pay for improved water service
provision

This research defined a hypothetical market as improved water service provision, focusing on
both water quality and supply. The benefits of water services and watershed management were
clearly outlined for it to be realistic and plausible. A method of discrete choice was adopted to
elicit willingness to pay (WTP), whereby respondents indicated amounts they were prepared to
contribute. A dichotomous choice format was used, requiring a simple “yes” or “no” answer to
predefined payment levels (Bishop & Heberlein, 1979). To analyze the socio-economic factors
influencing WTP, the study applied a logistic regresson model, a method widely used in
environmental valuation research (Ahtiainen, 2007; Lindberg et al., 1997; Mehrara et al., 2009).
This approach enabled examination of whether independent variables significantly affected
respondents’ willingness to pay for enhanced water services.
WUTPT = XBH oo oottt ettt ettt et et (10)
Simplified asWTP = a + 3 1X1 + [322X2 +[33X3 + 4X4+e
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In thismodel, 3 represents parameters to be estimated (a vector of coefficients for the explanatory

variables), e is the error vector that captures unobservable random factors, while x is the i-th

explanatory variable, comprising of observed characteristics such as demand, socio-demographic
attributes, attitudes, and behaviors.

Table3.2
Summary of statistical data analysis
Specific Objectives Resear ch Questions Variables Statistical
Tools
Dependent Independent
1. To characterize the What is the status of Water quality and Ecosystem servicesin  Descriptive
status of  ecosystem ecosystem services in  Water quantity of Kapingazi catchment  statistics
services in Kapingazi Kapingazi river River Kapingazi
catchment. catchment?
2. To identify the -Who are the Roleof catchment - Farmers Descriptive
catchment users of catchment users in users. -Resource users statistics
Kapingazi catchment. Kapingazi catchment? Management associations
-Are the catchment practices. -Conservation
users aware  of agencies
catchment -HEP producers
management? -Water companies
-How are the
catchment users
organized in
catchment
management?
3. To determine the -Whatarethecatchment Water quality -Perceived catchment Logistic
perceived anthropogenic users doing and who is Water quantity user anthropogenic regression
activities by the catchment doing what in terms of activities

users that are impacting on

catchment management

practices that are

-Changes on water

quality
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water provision service in
Kapingazi catchment.
4. To establish the
willingness to pay for
improved water provision
services by the catchment
users in Kapingazi
catchment.

impacting on water
service provision in
Kapingazi catchment?
-What is the willingness
to pay for water
provision service by
catchment usersin order
to conserve Kapingazi

catchment?

-Changes in water

quantity
Improved water  Willingness to pay
quality and water
quantity

Logistic

regression
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CHAPTER FOUR
RESULTSAND DISCUSSIONS
4.1 Introduction

This section presents results and discussions of the study conducted in Kapingazi catchment,
Embu County, Kenya. Both qualitative and quantitative data were gathered through
guestionnaires, while additional qualitative information was obtained using focus group
discussions, key informant interviews and direct observations. The quantitative data from
guestionnaires was collected using open ended questions whose responses were anal ysed to show
patterns and frequencies of answersin form of charts and tables. The key informant interviews and
focus groups discussion provided qualitative data through taking notes, identifying key answers
that capture the essential points, linking them to the research objectives. Triangulation by using
the multiple data sources was used to confirm consistency of information given.

The findings from household questionnaires, focus group discussions and key informants are
presented in this section. The organization of this chapter is highlighted bel ow: social demographic
data of the study population in section 4.2, which influences the willingness to pay for enhanced
water quality and water quantity in Kapingazi catchment; section 4.3 which addresses the results
and discussion for the first objective which is characterization of the status of ecosystem services
in Kapingazi catchment; section 4.4 which addresses the results and discussion for the second
objective which is identification of catchment users in Kapingazi catchment; section 4.5 which
addresses the results and discussion of the third objective which is perceptions of human activities
impacting on water provision service in Kapingazi catchment; section 4.6 which addresses the
results and discussion for the fourth objective which is establishment of the willingness to pay for
water provision services by the catchment usersin Kapingazi catchment.

4.2 Socio-demogr aphic infor mation of the study population

The socio-demographic information showed the characteristics of the study population in
Kapingazi catchment. These included the gender, main activity, education, type of wall building
material, source of water, age, household size, income, land size, land tenure of the respondents,
irrigation, food crops production and livestock production in Kapingazi catchment. These
characteristics were significant in the study in examining the determinants affecting willingness to

pay for enhanced water servicesin Kapingazi catchment.

43



4.2.1 Age and household size of the respondentsin Kapingazi catchment

The survey targeted household heads or members aged 18 years and above. In Kapingazi
catchment, the respondents’ average age was 54.6 years, placing them within the economically
productive population. According to Mwamnyange (2008), age influences maturity and decision-
making capacity. Therefore, as most respondents were adults in their productive years, they were
well positioned to make informed decisionsregarding their willingnessto pay (WTP) for improved
water services, despite potential challenges. Results indicated that age significantly affected WTP
for improved water provision in the catchment.

The mean household size in Kapingazi catchment was established to have 6 members.
According to Moffat et al. (2011), the assumption is that larger households are less willing to pay
for improved water services due to cost implications associated with water use implying larger
household size consequentially results to high costs due to large quantities of water used. Water
quantity in Kapingazi catchment being on the decline as shown in Figure 4.0, the household size
may be willing to pay for improved water services in Kapingazi catchment to meet the needs of
respondents’ household. Also, the demand for large quantity of food to sustain the households
would lead to demand for water supply for food production. Therefore, ensuring a reliable water
supply was vital for enhancing agricultural production and meeting domestic needs in households
within the Kapingazi catchment. Findings from the research aso showed that household size

played a significant rolein influencing willingness to pay for improved water service provision.

4.2.2 Gender of therespondents

Interviews were conducted with respondents of both genders (male and female) to ensure a
bal anced perspectives representation. However, survey resultsindicated a higher number of female
respondents (53%; n=53) than males (47%; n=47) asshownin Figure4.1. Thisis because females
were |eft at home to take care of the households as the males went out to work. Majority of the
households were headed by men (62%; n=62) and the rest (38%; n=38) were headed by women,
therefore men provided manual labour in conservation activities in Kapingazi catchment and
influenced decision making on willingness to pay for improved water services and other
conservation mattersin their households. Accordingto WBWDRT (1993), studies across different
regions of the world have shown that gender significantly influences the willingness to pay for

improved water services. Mezgebo and Ewnetu (2015), for example, found notable differences
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between households headed by male and female, with the latter showing greater willingness to
pay, largely because women are primarily responsible for water collection and are more directly
affected by challenges related to water. However, the willingness to pay was not influenced by
gender in this study within the Kapingazi catchment. Thiswas because 95% of respondents already
had access to tap water, hence having time for other productive activities that otherwise would
have increased willingness to pay if households had to spend significant time fetching water from
the River Kapingazi.

B Male
B Female

Figure4.1: Gender of the respondentsin Kapingazi catchment

4.2.3 Main activity of therespondents

Figure 4.2 reveds that the mgjority of respondents (79%; n=79) rely on agriculture as their
primary livelihood. This can be partly as aresult of the fertile soils of the study area, which favor
farming, and partly to the prevalence of primary level education among respondents, which limits
access to formal employment opportunities. This was followed by respondents who are self-
employed (13%; n=13) who were mainly involved in small scale enterprises in villages, loca
shopping centres and Embu town which was the main urban centre in the catchment. The study
also established that 6% (n=6) were formally employed in the public sector whereas (2%; n=2)
were private sector employees. This can be linked to the college or tertiary education attained,
which enhanced respondents’ access to employment opportunities. However, since most
respondents engaged in small-scale agricultural activities, their households had relatively low
incomes, potentially limiting their willingnessto pay for improved water servicesin the Kapingazi

catchment. Moreover, reliance on agriculture could also influence this willingness, as farming
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directly depends on the natural environment for food production (Swai, 2016). For example, the
use of Kapingazi River for irrigation highlights how improved water availability in the catchment
supports higher food production. In this study, the main activity did not influence the willingness

to pay for improved water servicesin Kapingazi catchment.

BFarmer
ESelf employed
DPub]ic sector
employee
Private sector
.employee

Figure4.2: Main economic activities of the respondentsin Kapingazi catchment

4.2.4 Education level of the respondents

Out of 100 respondents, 11% (n=11) were found to have no formal education. As shown in
Figure 4.3, 49% (n=49) of respondents had attained primary education, 30% (n=30) secondary
education, while only 10% (n=10) had college or tertiary qualifications. This demonstratesthat the
majority possessed at least a basic level of education, enabling them to appreciate the importance
of conserving the Kapingazi catchment to secure advantages such as clean and reliable water
supply. Therefore, their willingness to participate in payment schemes aimed to enhance
ecosystem services may be influenced by understanding of catchment management and ecosystem
services. Khan et al. (2010) aso observed that education and awareness significantly shape
respondents’ willingness to pay (Figure 4.1). It was also found that, the male respondents had
higher level of education than the femal es whereby more males had secondary (n = 17) and college
education (n = 6), while more females had no formal education (n = 11) and primary education (n
= 27) in Kapingazi catchment as shown in Table 4.1. Better educated respondents could influence
thewillingnessto pay for improved water servicesthan thosewith lower level of education because

of better understanding on the importance of conservation of water resources (Kayagaet al ., 2003).

46



Table4.1
Education level by gender

Zero Primary Secondary Collage Tertiary  Total (%)
education education education education education

Male 2 22 17 6 0 47
Femae 9 27 13 4 0 53
Total (%) 11 49 30 10 0 100

W zcro education

B Prinar v = ducadur

DScc:uutlary

education
College/ T ertiary
L education

Figure 4.3: Education level of the respondents in Kapingazi catchment

4.2.5 Type of wall building material

Figure 4.4 indicate that most houses of the respondentsin Kapingazi catchment were made of
timber (59%; n=59), followed by stone walled houses (25%; n=25), brick walled houses which
comprised of (12%; n=12), 3% (n=3) had mud walled houses, then only (1%; n=1) had iron sheet

walled house (Plate 4.1).
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Figure4.4: Types of wallsfor housesin Kapingazi catchment

Majority of the houses being constructed using timber, indicated that deforestation within the
catchment was high to provide raw materials for construction of houses in Kapingazi catchment.
Deforestation had an effect on water supply and water quality in Kapingazi catchment as shown
in Plate 4.1.

Plate 4.1: Timber houses in Kiaragana and Miandari villages in Kapingazi catchment

4.2.6 Source of water of the respondentsin Kapingazi catchment
As shown in Figure 4.5, most households in the Kapingazi catchment (95%; n=95) indicated
using tap water as their main source, with 4% (n=4) relying on the river and only 1% depending

on neighbors who had tap connections.



B river
[ Tap water
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Figure 4.5: Sources of water in Kapingazi catchment

The results reveal that most respondents had access to tap water, with only a minority lacking
the service. Thus, the maority in Kapingazi catchment did not depend on the river for domestic
water needs and did not have to travel long distances to collect water. This situation may partly
shapetheir willingnessto pay for improved water services. Previous studies by Coster and Otufale
(2014) and Mezgebo and Ewnetu (2015) demonstrated that households located far from sources
of water tend to be more willing to pay for water service improvement compared to those living
near the source. However, this study found that willingnessto pay was not significantly influenced

by the distance to the source of water source.

4.2.7 Income of the respondentsin Kapingazi catchment

Incomeisakey determinant of willingnessto pay for watershed services. According to Moffat
et al. (2011), the demand for environmental goods typically increases with income while the
economic theory indicates that higher income should positively influence the willingness to pay
for improved water services. However, the findings from Kapingazi catchment, where the average
annual household income was KES 146,782, show otherwise. The predominantly small-scale
agricultural activities contributed to low income levels, which could explain limited financia
capacity. The results indicate that income did not significantly affect willingness to pay. Instead,
awareness of catchment conservation and concerns over declining water quality and quantity

appeared to drive willingness to pay more than income levels.
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4.2.8 Land size of respondentsin Kapingazi catchment

The average land size in Kapingazi catchment was 2.3 acres as shown in Table 4.2. However,
this size was below FAQO’s recommended land size of 3.6 acres to sufficiently sustain households
for subsistence purposes. This indicates land scarcity as a result of fragmentation into
uneconomical units due to high population densities (Amondo et al., 2013). This indicates that
most respondents practicing agriculturein the study areawere small-scale farmers. Whileland size
might influence their willingness to pay for improved water services in the Kapingazi catchment,
as landowners could weigh trade-offs between supporting ecosystem services such as water
provision and alocating land for food production. However, the study’s results revealed that land
size had no significant influence on willingness to pay for improved water services in Kapingazi
catchment.

Table4.2

Land size owned (Acres)
Statistic Value
N (Valid) 100
Missing 0
Mean 2.35
Median 1.50
Mode 1.00
Standard Deviation 2.28
Variance 5.19
Range 14.75
Minimum 0.25
Maximum 15.00
Sum 234.83

Note. N represents the number of valid cases. The mean, median, and mode are presented with

two decimal places, while the standard deviation is rounded to two decimal places.
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4.2.9 Land tenurein Kapingazi catchment

Land tenure in Kapingazi catchment was freehold with (74%; n=74) of respondents owning
the land with title deeds while (26%; n=26) of the respondents own the land without title deed as
shown in Figure 4.6. The respondents who had no title deeds inherited the land from their parents
therefore owning the land but without the title deed since the succession processes had not been
completed in order to be issued with title deeds. Land tenure was important in assessing
respondents’ willingness to pay for enhanced services since the land owners can make decisions
on land uses aimed to improve water service provision and ultimately conserve Kapingazi
catchment. Most decisions on how the land would be utilized were made by both spouses (56%,
n=56) while the rest of the households only one spouse (44%; n=44) could decide as shown in
Figure 4.7 Thisindicated that most respondents in Kapingazi catchment could make decisions on

how land would be utilized to secure improved water servicesin Kapingazi catchment.

OVWNED
BWWTH TITLE
DEED

OWNED
EwTHOUT
TITLE DEED

Figure 4.6: Land tenure in Kapingazi catchment

Wvas

Together with
.spouse

Figure 4.7: Decision making in households in Kapingazi catchment
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4.2.10Irrigation in Kapingazi catchment

The percentage of respondentsthat did not irrigate their farms using Kapingazi River was 86%
while a small proportion of 14% of the respondents irrigated their crops as shown in Figure 4.8.
Thisisdue to water use regul ations stipulated by the water resources authority through Kapingazi
Water Resources Users Association who monitor water use in the catchment due to less water
quantity in the river in order for downstream water users to get the water. This indicates majority
of the respondents rely on rain-fed agriculture and the respondents who irrigated, did so to
supplement rain fed agriculture’s reduced harvests in the dry season, while ensuring a steady food
supply for their households. Erratic rainfall, repeated dry spells, insufficient irrigation, and water-
related conflicts heavily impacts agriculture (Mahoo et al., 2007). This therefore threatens food
availability in Kapingazi catchment. This indicates that there was water shortage in Kapingazi
catchment and this determined by how the catchment was being managed.

W ves
Eno

Figure 4.8: Respondents irrigating crops in Kapingazi catchment

4.2.11 Food production in Kapingazi catchment
All the respondents in Kapingazi catchment engaged in either crop or livestock production or
both. Figure 4.9 shows the main crops produced in Kapingazi catchment.
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Figure 4.9: Crops planted in Kapingazi catchment

The crops produced in Kapingazi catchment were mainly for subsi stence purposes though there
were respondents who had both food and cash crops for income generation for their households.

Tables 4.3 and 4.4 summarizes various types of crop productionsin Kapingazi catchment.

Table4.3

Cash crop production in Kapingaz catchment
Crop Type N %
Coffee 71 52.6
Tea 56 415
Vegetables 1 0.7
Irish potatoes 1 0.7
Fruits (avocados, mangoes, passion fruits, guavas, loquats) 4 3.0
Sugarcane 1 0.7
Khat (Catha edulis) 1 0.7
Total 135 100.0
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Table4.4
Food crop production in Kapingaz catchment

Crop Type N %
Maize 86 17.3
Beans 69 13.9
Arrowroots 28 5.6
Leaf vegetables 66 13.3
Sweset potatoes 22 4.4
Irish potatoes 42 8.4
Tomatoes 2 04
Cabbages 11 2.2
Cassava 22 44
Fruits (avocados, mangoes, passion fruits, guavas, loquats) 89 17.9
Sugarcane 52 10.4
Yams 7 14
Onions 2 04
Total 498 100.0

4.2.11.1 Cropping seasons

Kapingazi catchment experiences two cropping seasons; long and short rains due to the area’s
bimodal precipitation pattern. Each year, the long rains fall between April and August while the
short rains occur between October and December. Permanent/perennial crops constituted 49.2%
as they persist for many growing seasons. The percentage of crops that were planted during both
long and short cropping seasons was 31.8% in order to have continuous supply of food all year
round while 14% of the crops were planted during long rains and only 5% of crops were grown

during short rains only. Figure 4.10 shows cropping seasons for various crops in Kapingazi

catchment.
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Figure 4.10: Cropping seasons for various crops in Kapingazi catchment

4.2.12: Livestock production in Kapingazi catchment

Livestock production was also practised in Kapingazi catchment whereby 86% of the
respondents kept varioustypes of livestock. Thelivestock kept in Kapingazi catchment was mainly
for food and earn some income from livestock products such as milk, meat, eggs and organic

manure. Figure 4.11 summarizes the percentage of respondents that kept each type of livestock in

Kapingazi catchment.
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Figure4.11: Livestock kept in Kapingazi catchment

The findings indicate that coffee and tea are the main cash crops cultivated in the Kapingazi
catchment (Table 4.2), whereas the predominant food crops include maize, fruits, beans, and
vegetables (Table 4.3). In terms of livestock, respondents mainly keep chickens, cattle, goats, and
sheep, asillustrated in Figure 4.4. Thistherefore shows that the main farming system in Kapingazi
catchment was mixed farming, where crop production was combined with keeping livestock.
Dixon et al. (2001) identifies fifteen Sub-Sahara Africa’s farming systems, with the maize mixed
farming system being the most prominent in East and Southern Africa. Thissystem primarily relies
on maize, cattle, goats, and poultry for livelihoods. The centra parts of Kenya where Kapingazi
catchment lies are classified in the maize mixed farming so the results supports the report. The
main reason why the respondents in Kapingazi catchment were adopting mixed farming system
was to diversify agricultural activities for increased output value, increase their income sourcesin
the midst of pressures like high population density and small land sizes where the average land

sizeis2.3 acresin Kapingazi catchment

4.3 Characterization of the status of ecosystem servicesin Kapingazi catchment

Kapingazi catchment is acomplex system where living and non-living components interact to
deliver ecosystem services. These services, which humans rely on, include provisioning,
regulating, supporting, and cultural benefits. This study sought to identify the various ecosystem
services provided in Kapingazi catchment and rank them according to importance in order to
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conserve them. Thiswas significant in the study in order check the knowledge and preferences of
ecosystem services to be conserved by the respondents of Kapingazi catchment.

The respondents were inquired about their understanding of awater catchment and itsrolein
providing ecosystem services like water provision, carbon sequestration, food provision, climate
regulation. Majority of the respondents (77%) had an understanding of awater catchment and the
role it played in providing ecosystem services. Besides food production, water provision was the
major ecosystem service provided in Kapingazi catchment as shown in Figure 4.12. This can be
ascribed to the respondents’ education levels, as the majority had completed primary education,
which provided them with knowledge of water catchments and their function in delivering
ecosystem services within the Kapingazi catchment. These results are in line with those of
Mshigwa (2014) in Bagamoyo District, where approximately 98% of respondents had a high level
of awareness of the Wami Basin as a catchment. Swai (2016) also reported that 76.8% of domestic
water users were aware of the functions of water catchments in providing ecosystem services in
Babati District, Tanzania. The Figure 4.12 shows ecosystem services provided in Kapingazi
catchment.
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Figure 4.12: Ecosystem servicesin Kapingazi catchment

From the results, the respondents identified crop production (100%), water provision (98%),
soil protection (87%), livestock production (84%), fuel wood provision (77%) and timber
provision (64%) as the major ecosystem services provided in Kapingazi catchment as shown in

the Figure 4.5. Other ecosystem services identified by the respondents were landscape scenery
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(24%), carbon sequestration (17%), climate regulation (10%), nutrient cycling (3%), tourism (2%)
and shade provision (2%). These results showed that most respondents were more aware of the
provisioning ecosystem services more than the regulating, cultural and supporting ecosystem
services which shows varied knowledge of ecosystem services in Kapingazi catchment. This
shows reliance by the respondents on provisioning ecosystem services from the immediate
environment for their food, water, livestock production, raw materials and source of energy.

In many developing African nations, people’s reliance on provisioning ecosystem services is
particularly high due to widespread poverty and dependence on natural resources. The degree of
reliance varies according to local factors such as climate, vegetation, and socio-economic changes
(Eboh et al., 2012). A study conducted in Northern Ghana indicated that the high level of direct
use of provisioning ecosystem services are attributed to high level of poverty and food insecurity
(Boafo et al., 2014). Kapingazi catchment, largely being a rura landscape, mgjority of the
respondents were farmers with a high percentage using timber for construction of their houses as
well as use fuel wood as their main source of energy. This shows that food, water, livestock
production, fuel wood, raw materials coupled with other agricultural activities like soil protection,
are the most important ecosystem services, which require to be sustainably supplied sincethey are
highly crucia to the livelihood sustenance of the respondents of Kapingazi catchment.

Respondents’ recognition of additional ecosystem services may reflect the dependence of
provisioning services, like food crop production, on regulating and supporting services such as soil
protection, climate regulation, and nutrient cycling. Disruptions in any of these services can
influence livelihoods, demonstrating the centrality, interconnection, interdependence, and both
tangible and intangible value of ecosystem services to human welfare (TEEB, 2010). This aso
reveals that thereisinformation gap for the least mentioned ecosystem services and those that are
not mentioned at all like genetic resources, pollination, sense of place, educational experiences,

soil formation and productivity.

4.3.1 Ranking of ecosystem servicesin Kapingazi catchment

Various studies have employed ranking approaches to assess ecosystem services. These
approaches are components of broader assessment processes that both identify ecosystem services
and prioritize the most significant ones (Lopez-Marrero and Hermansen-Baez, 2011). Participants

were additionally requested to rank the ecosystem services according to their perceived importance
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(5=Very important 1= Least important) based on their own experiences, perception and preference
which isshownin Table 4.5.

Table4.5
Ranking of ecosystem services by importance in Kapingaz catchment
Vey More Slightly L east
important (inimportant Important important important
Ecosystem services %) (in%) (in%) (in%) (in%)
Water provision 100 0 0 0 0
Food crop production 95 2 2 1 0
Timber provision 82 2 1 3 2
Carbon sequestration 92 4 3 1 0
Air purification 95 3 2 0 0
Aesthetic value 84 6 6 3 1
Soil erosion control 93 2 5 0 0
Climateregulation 93 4 1 2 0
Nutrient cycling 91 5 4 0 0
Fuel wood provision 92 4 1 1 2
Fibre 58 1 5 12 24
Genetic resources 80 10 2 2 6
Diseasesregulation 96 0 4 0 0
Pollination 92 3 3 2 0
Water regulation 97 2 0 1 0
Sense of place 98 1 0 1 0
Educational 86 8 2 2 2
Soil formation 92 3 4 0 1
Primary production* 93 6 1 0 0

Note * Primary production refersto the process in which chemical energy is produced from solar
energy, mainly by terrestrial green plants, supplying the energy that sustains earth’s ecosystems
(Knapp €t al., 2014).

The majority of respondents considered numerous ecosystem services provided by the

Kapingazi catchment such as water provision, water regulation, air purification, food and timber
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production, and landscape aesthetics as highly important. Among these, water was unanimously
ranked by 100% of respondents as the most critical ecosystem service. Thiswas followed by food
production at 95% due to agricultural productivity of the catchment. According to 92% of the
respondents, fuel wood was the third most important ecosystem service since it’s the main source
of energy within the catchment. Timber, genetic resources and fibre follow in that order in level
of importance with 82%. 80% and 58% of the respondents respectively in the provisioning services
category. Other categories such asregulating, supporting and cultural serviceswere also perceived
as very important after explaining what they were. This implied that the catchment had water
shortage hence the preference of water ecosystem service showed the need to conserve Kapingazi
catchment in order to improve its provision since it was required for food production through
irrigation and for domestic use in households in Kapingazi catchment.

A similar study conducted in El Yunque indicated that al stakeholders recognized multiple
ecosystem services such as habitat provision, clean water, air purification, recreational
opportunities, and scenic landscapes with water being rated as the most essential service (Lopez-
Marrero & Hermansen-Baez, 2011). Also, Ericsen et al. (2012) reported comparabl e results when
assessing and ranking ecosystem services in Northern Kenya’s Ewaso Ng’iro catchment.
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4.4 | dentification of catchment users, management practices, organization, functions and
challengesin Kapingazi catchment
4.4.1: I dentification of catchment usersin Kapingazi catchment

Effective conservation and sustainable management of the Kapingazi catchment require the
identification of all catchment users, which is critical for ensuring inclusive participation in
decision-making, especially among marginalized groups. This participatory approach fosters
collaborative solutions, enhances equitable water distribution, and improves both water quality

and quantity in the catchment.
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Figure 4.13: Catchment usersin Kapingazi catchment

Figure 4.13 illustrates the various users of the Kapingazi catchment, with rural farmers
comprising the largest group at 40.4%. During dry seasons, these farmers relied significantly on
the the catchment as their main source of domestic water and irrigation. Their water use can reduce
downstream flows, making them central stakeholdersin water regulation and conservation efforts
led by entities like the Kapingazi Water Resource Users Association (KawRUA).

The second and third most significant users are coffee factories (23.9%) and irrigators (15.2%).
Coffee factories required large volumes of water for processing and often contributed to water
pollution through effluent discharge into oxidation ponds, which may overflow and leach into
Kapingazi River during rainy seasons. Irrigators abstract water from rivers to support crop
cultivation but can negatively impact water quality through agrochemicals that seep into theriver.

Other usersincluded shopping centres (7.39%), which contributed to runoff entering theriver,
affecting water quality, schools (4.35%), teafactories (2.17%), urban centres (1.3%), water service
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providers (1.3%), worship establishments (0.43%), hospitals (0.43%), and a macadamia factory
(0.43%), al of which depended on the catchment for water but also exert varying degrees of
pressure on its resources.

These diverse users highlight the multiple demands placed on Kapingazi River and the need
for coordinated management. Their activities directly influence the availability and cleanliness of
water, reinforcing the significance of engaging them during planning and implementation of

conservation strategies.
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Figure 4.14: Respondents awareness on catchment management

As shown in Figure 4.14, 84% of respondents were aware of catchment management,
demonstrating a high comprehension of the importance of protecting water resources and related
ecosystem services. This awareness is essential for fostering stakeholder engagement and
promoting sustainable practices. Thus, identifying catchment users allows for monitoring and
regulating water use, conflict reduction among users, inclusion of all stakeholders in conservation
decisions and targeted interventions based on user impact and needs.

This inclusive approach aigns with findings from Mukeria et al. (2021), who highlighted the
importance of identifying stakeholder groups to successfully implement catchment restoration
programs, such as in the Hawassa catchment in Ethiopia. Similarly, Kapingazi catchment can
benefit from broad stakeholder participation to ensure sustainable water management and resource

conservation.
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4.4.1.1 Importance of conserving and managing Kapingazi catchment

Theimportance of conserving and managing the Kapingazi catchment was strongly recognized
by the community, with 99% of respondents affirming its necessity. Asillustrated in Figure 4.15,
the reasons cited reflect the community’s high reliance on the catchment for essential ecosystem

services associated with land productivity and water provision.
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Figure 4.15: Importance of conserving and managing Kapingazi catchment

The respondents highlighted multiple reasons for catchment conservation, with the majority
(73%) citing the necessity of ensuring consistent and sustainable water supply. The high
percentage reflects the severity of water scarcity in the region and stresses the urgent need for
conservation measuresto maintain areliable water supply for domestic, agricultural, and industria
purposes. Another key reason identified by 33% of the respondents was the need to improve water
quality. This concern stems from the increasing decline in water quality resulting from

contamination caused by agricultural runoff, factory effluents, and sedimentation from soil
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erosion. These issues emphasize the need of integrated catchment management practices that seek
to safeguard and improve water quality to promote public health and support environmental
sustainability.

Sail erosion control was also a maor concern, with 29% of respondents recognizing the role
of conservation in preventing the loss of topsoil. Erosion has become a significant problem in the
catchment, largely due to insufficient measures for soil and water conservation. When fertile
topsoil is removed, agricultural productivity declines while river sedimentation rises, negatively
impacting water quality and aquatic ecosystems. Improving soil fertility was another important
reason, cited by 13% of the respondents. Declining soil fertility islikely aresult of overcultivation
and the erosion of nutrient-rich topsoil, which has led to reduced crop yields and increased food
insecurity. Conservation and improved land management practices are therefore essential to
restore soil health and boost agricultura productivity.

Food provision was mentioned by 5% of the respondents, emphasizing the link between a
healthy catchment and reliable food production. Well-conserved catchments provide the water and
fertile soil necessary for successful farming, which serves as the main source of incomefor various
households in the region. Another 5% pointed to flood minimization as a benefit of catchment
management. During the wet season, wetlands and low-lying areas often experience flooding,
particularly where unsustainable land use practices, such as dry-season cultivation, are common.
Effective catchment management can help regulate surface runoff and reduce the frequency and
severity of floods.

Disease control was identified by 4% of respondents, reflecting the connection between water
quality and public health. When water sources are contaminated, the risk of waterborne diseases
increases, making clean water a top health concern in the catchment. Conservation activities that
protect and improve water quality are therefore important for preventing illness and promoting
community well-being. Only a small number of respondents (1%) also mentioned clean air as a
benefit of conservation. Trees and plants in the catchment help filter the air and support the
ecosystem, though this advantage is less visible than water and soil benefits.

The responses demonstrate a strong community awareness of the various benefits of
conserving and managing the Kapingazi catchment. From water security and soil health to food
production and disease prevention, the catchment plays an important function in supporting

livelihoods and environmental health. These results suggest that conservation initiatives in
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Kapingazi should be community-driven and aligned with the locally recognized needs to ensure
long-term sustainability and effective stakeholder engagement.

4.4.1.2 Water quantity trend between 2008 and 2018 of River Kapingazi

The need to conserve and manage the Kapingazi catchment was strongly attributed to declining
trends in water quantity in River Kapingazi over the ten-year period between 2008 and 2018. This
was acknowledged by 79% of the respondentsin the catchment area. This observation is presented
in Figure 4.16, which illustrates the water quantity trend as perceived by the respondents over the

ten-year period.
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Figure 4.16: Water quantity trend for the last ten yearsin Kapingazi catchment

Further corroboration came from focus group discussions with local institutions such as the
Kapingazi Water Resource Users Association (KawWRUA), the Focal Development Area
Committee (FDAC), and the Irangi Community Forest Association (Irangi CFA), who
unanimously reported that both the amount and condition of river water have been worsening with
time. In line with this, Kariithi (2016) classifies the Kapingazi catchment as being in an “Alert”
state, attributing it to declining trendsin surface water availability and quality. To gain insight into
the drivers of reduced water quantity, Table 4.6 provides an overview of the main causes as

identified by respondents.
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Table 4.6

Reasons for water quantity declining trend in Kapingaz catchment

Reasons for water quantity decrease N %
Water abstraction 32 31.4%
Poor water management 4 3.9%
Increased number of water users 13 12.7%
Deforestation 30 29.4%
Drought 19 18.6%
Cultivation at the riparian area 4 3.9%
Total 102 100.0%

Water abstraction was the major reason for water quantity declining trend in Kapingazi
catchment as alluded by 31.4% of the respondents. Water abstaction was caused by coffee
factories, institutions, community water project like Kamiu Kavanga irrigation project, licensed
individuals and illegal abstractors who had reduced the amount of water in Kapingazi river. This
was aso observed by KenGen, EWASCO and WRA during key informant meetings which
disclosed that there was a lot of water abstraction upstream for irrigation purposes and industrial
use by coffee factories leading to reduction of water quantity in Kapingazi catchment. Abstracted
water for irrigation purposes was for food production especially during dry seasons in order to
have all year round of agricultura produce both for subsistence and for sale, which otherwise
would have led to food shortage. Also, abstracted water used by coffee factories, households or
for agriculture, the resulting waste water caused pollution through chemical discharges, sewage,
nutrient and pesticide runoff from farm land affecting the water quality of Kapingazi river.
Reduced water quantity affects energy production downstream, thus affecting energy costs which
is cascaded to the user to meet the cost of other energy sources such as fossil fuels to produce
electricity.

Deforestation was another major cause for water quantity decline for the last ten years within
the catchment as noted by 29.4% of the respondent which had further worsened the situation since
it has affected the water cycle therefore affecting the water quantity within the Kapingazi
catchment. The principal pressures on trees in Kapingazi catchment were increased demand for
charcoal and firewood, which served as the main sources of energy for households and teafactories
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and rising demand for wood-based products, such as timber for construction purposes and selling
to local artisans. This has effect on biodiversity from mammals to bird, insects, amphibians, thus
endangering the whole ecosystem creating natural imbalances and putting life at threat.
Deforestation causes soil erosion which causes sedimentation in riverstherefore affecting its water
quantity. This also leads to infertile soils since most of the top fertile soils are normally washed
away leading to low food production and ultimately hunger. Deforestation also makes the soil
fragile leaving the area vulnerable to floods and landslides. Deforestation contributes to climate
change since it affects capture and storage of carbon dioxide, therefore negatively contributing to
the greenhouse effect.

The catchment experiences drought from time to time causing decline in water quantity in
Kapingazi river due to lack of rainfall as highlighted by 18.6% of the respondents. Due to climate
change, the catchment has increasingly experienced periods of drought, whereby there had been
erratic change in rainfal patterns within the catchment which had become unpredictable. Since
thereis no guarantee of accessto a sustainable water source, drought threatens food security in the
catchment. Thisleadsto migration and even conflicts among water users. Inadequate management
of drought and water resources also puts the entire aquatic ecosystem under greater stress.

The respondents (12.7%) also disclosed that increased number of water users had contributed
to decline in water quantity in the catchment. This was due to population growth, new water
connections to address the needs of an increasing population since the old water infrastructure
installed in the late 1970s was unable to satisfy the demands of the people thus reducing water
guantity. This led to competition for water resources within the catchment among different
catchment users like farmers, coffee factories and irrigation water supply projects and caused
conflicts among water users especially during dry season when the water quantity was less.

Cultivation at the riparian reserve was cited by a few respondents (3.9%) as cause for water
guantity decrease and by 1% for water quality decrease although about 94% of the respondents
interviewed had ariparian area in their farms. This could have been attributed to a larger area of
theriparian areawas under trees (35%), 30% was under fodder and 2% was covered by bush which
were important in slowing down water flow and minimize soil erosion and flood damage in the
event of heavy downpour. Table 4.7 presents the distribution patterns of vegetation types across

riparian aress.
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Table4.7
Vegetation types at theriparian area in Kapingaz catchment

Plant Frequency %
Food crops 21 21.0
Cash crops 3 3.0
Fodder 30 30.0
Trees 35 35.0
Bush 2 2.0
No vegetation 3 3.0
Not Applicable 6 6.0
Total 100 100.0

This could be as aresult of conservation efforts in Kapingazi catchment by Ministry of water
and irrigation project that isMount Kenya East Pilot Project and The Upper TanaNatural Resource
Management Project (UTaNRMP). However, EWASCO was of the view that encroachment of the
riparian area should be stopped in order to increase water supply. Poor management was cited by
3.9% as cause for water quantity decline in Kapingazi catchment for the past ten years. This
reguires monitoring and enforcement of water regulations to prevent unlicensed water abstraction,
monitor water quantity usage by licenced individuals and institutions for water abstraction,
deforestation, riparian cultivation through enhanced management through implementation of
catchment management plans.

This was triangulated through key informant discussions for example, EWASCO mentioned
that, although their water supply is adequate from River Rupingazi but due to increased demand,
water supply may not be adequate in the future. On the other hand, KenGen was affirmative that
water supply was not sufficient to fulfill their demand. There was a so indication by some farmers
that the water connection infrastructure installed in the late 1970s, had not been expanded to
accommodate the increasing population. This had led to enforcement of water regulation on
catchment users with regards to water use for both tap water and water from Kapingazi River.
For example, using tap water for irrigation was prohibited in order to ensure continuous water
supply to connected residents of Kapingazi catchment. Irrigation using water from Kapingazi

River without a permit authorized by KaWwRUA was aso not allowed to ensure water flows
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downstream. This explains why, during the dry season, only 2.3% of respondents irrigate crops
using water from the Kapingazi River. This might be due to monitoring of the amount of water in
the river by having controlling and measuring devices in the river for measuring the volume of
water abstracted from the river by Kapingazi Water Resource Users Association (KaWwRUA).
Also by managing rationing programmes when the flows were low. This shows water quantity had
declined for the last ten years in Kapingazi catchment.

However, 21% and 3% of the respondents’ riparian area was under food and cash crops
production respectively as shown in Table 4.7 above while 3% of the respondents agreed that the
riparian area on their land had no vegetation. Additionally, the respondents (17%) recognized the
riparian area as one of the areas experiencing the highest level of soil erosion occurring on their

farms, asindicated in Figure 4.17.
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Figure4.17: Areas of farms experiencing most soil erosion in Kapingazi catchment

The quantity of water in the Kapingazi catchment has significantly decreased during the past
ten years due to both natural and man-made influences such as abstraction of water, deforestation,
drought, population pressure, and riparian encroachment. The findings emphasize the need for
catchment management practices, community engagement and regulatory enforcement to ensure

sustainable water availability and improved ecosystem health in Kapingazi catchment.
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4.4.1.3 Water quality trend between 2008 and 2018 of River Kapingazi

The water quality of River Kapingazi experienced a marked decline between 2008 and 2018,
a trend recognized and highlighted by a majority of stakeholders in the catchment area. As
illustrated in Figure 4.18, 79% of the respondents observed a negative trend in water quality over
the decade, attributing this to both anthropogenic and natura factors.
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Figure 4.18: Water quality trend for the last ten yearsin Kapingazi catchment

Deterioration in water quality in Kapingazi River from 2008 to 2018 was mainly affected by
surface runoff, according to 27% of the respondents. Surface runoff from shopping centres,
homesteads, roads, farms and farm boundaries collect into the river causing pollution of river
Kapingazi. The surface run off carries pollutants such as sediments, oil, grease, toxic chemicals
from vehicles, agricultural pesticides and fertilizers, heavy metals, and therma pollution from
heat-absorbing surfaces such as tarmac roads directly into river Kapingazi seriously affecting
water quality of the river. These pollutants destroy aquatic habitat, threatens fish and wildlife
populations, destroys native vegetation, and contaminates drinking water sources as well as
making recreational areas unsafe and unpleasant. To decrease surface runoff from farms, use of
integrated pest management, compost manure should be encouraged to reduce dependence on
harmful pesticides. Designated carwash facilities that do not generate surface runoff should be
established to avoid impacts from car wash such as grease, oil, detergents and grime.
Conservation practicesfor soil and water, including mulching, terracing, and the use of grass strips
should be promoted to reduce runoff speed and erosiona power but infiltrate into the ground. Lack

of adequate practices for conserving soil and water and intensive cultivation were also pointed out
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by 24.6% and 23% of the respondents respectively as causes for water quality decrease in
Kapingazi catchment as shown in Table 4.8.

Table4.8

Reasons for water quality declining trend in Kapingaz catchment

Reasons for water quality decrease N %
Very steep slopes 4 3.2%
Intensive cultivation 29 23.0%
Lack of soil and water conservation measures 31 24.6%
Pollution 16 12.7%
Deforestation 10 7.9%
Run off 34 27.0%
Quarrying/Mining 1 0.8%
Cultivation at the riparian area 1 0.8%
Total 126 100.0%

Lack of strategies to conserve soil and water such as terracing, grass strips, contour farming,
crop rotation, reforestation/afforestation and intensive cultivation leads to land degradation which
can either be natural or human induced. This leads to accumulation of organic matter and silt from
the surrounding farmsin to the river contributing to water pollution and reduced water levelsas a
result of soil erosion. Waterborne diseases are likely to occur due to agricultural pollution
associated with the unsustainable farming practices in Kapingazi catchment. Also these can have
adverse effect on food production leading to increased use of farm input by the farmers in the
attempt to combat reduced yields particularly fertilizers which affect water quality when washed
off into river Kapingazi. The respondents (12.7%) cited that pollution affected the water quality of
River Kapingazi. This could be from agricultural inputs such as pesticides and fertilizers, surface
run off, industrial effluent from coffee and tea factories and, untreated waste from sewerage from
shopping and urban centres within Kapingazi catchment.

Water pollution can become toxic to both humans and to the environment. This causes adverse

effect on aguatic life such asfish killed by the pollutants. Pollutants such as lead and cadmium are
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consumed by small fish therefore affecting higher levels of the food chain through
biomagnification. Eventually, humans are affected by these food when they consume fish that is
contaminated. Ground water can be affected by pesticides through leachate and excess use of
fertilizers causes nitrate contamination of ground water when above the recommended levels.
Sewage carries microbial pathogens that cause diseases to humans while domestic waste water,
agricultural runoff increase nutrients in the river causing eutrophication. Sustainable agricultural
practices and better catchment management can help reduce pollution of water in Kapingazi river.

Deforestation was another reason for water quality decrease for the last ten years in river
Kapingazi which was observed by 7.9% of the respondents. Unsustainable vegetation clearing and
deforestation within the Kapingazi catchment has led to reduced water levels and quality of river
Kapingazi affecting downstream water users such as hydroel ectric power stations due to siltation
as was noted by KenGen. Loss of vegetation cover results to the reduction of rainfall infiltration
into the soil leading to greater runoff, which intensifies soil erosion and raises both sediment load
and turbidity in water sources, ultimately lowering the quality of water in the Kapingazi River.
This therefore affects humans’ access to clean water predisposing them to diseases. Other reasons
for decrease in water quality were presence of very steep slopes as highlighted by 3.2 % of the
respondents which accelerates runoff into the river as well as quarrying and cultivation at the
riparian area as observed by 1% of the respondents respectively.

This point was reinforced by EWASCO and further supported during the focus group
discussion, which indicated that lack of conservation of water catchments contributed to
deterioration of water quality. Surface run off was a major chalenge affecting water quality in
Kapingazi catchment due to slope gradient in the catchment. The catchment was characterized by
gradual to steep slopes which facilitated surface run off collection leading to soil erosion during
rainy seasons. Figure 4.19 shows that 70% of the respondents experienced soil erosion on their

farms.
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Figure 4.19: Respondents experiencing soil erosion in Kapingazi catchment

Thisindicates that soil and water conservation measures in Kapingazi catchment was minimal
and requires to be implemented by the farmers. Soil erosion is strongly linked with clearance of
natural vegetation to allow land to be used for arable farming. Thisimplies that there was loss of
top soil, avauable natural resource which resultsin habitat destruction, declining water quality in
the Kapingazi River, wetland siltation, and disruption of natural drainage systems. and
intensification of flooding in Kapingazi catchment as shown in Plate 4.2. Also, agricultural
production would be on the decline since the top fertile soil is eroded requiring more farm inputs
to improve production for the respondents’ sustenance. Soil and water conservation measures
implementation should be considered in the sub-catchment management plans of Kapingazi

catchment.

Plate 4.2: Hooding of River Kapingazi in Kivumburi village
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According to a 2011 physiographic survey of the Upper Tana catchment, the area was found
to contribute 36% of the total sediment inflow into the downstream Masinga reservoir (Hunink &

Droogers, 2015). This was observed especially on unpaved roads and gullies in some farms as
shown in Plates 4.3 and 4.4.

Plate 4.4: Run off on unpaved road in Kiaragana village in Kapingazi catchment

Intensive cultivation within the catchment for continuous supply of food leads to loss of loose
top soil by water thereforeincreasing the surface run off and sediments from surface erosion during
rainy season. Rainy seasons significantly increase suspended sediment concentrations in
waterways. With yields up to ten times higher in agricultural catchments than in forested ones,
studies show that 60-96% of these sediments originate from surface sources (Allan et al., 1997;
Walling, 2005). Cultivated land often experiences higher erosion rates, which result in excessive

fine sediment deposits in rivers and consequently lower water quality. This could be attributed to
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inadequate conservation agriculture practice in Kapingazi catchment since it was practiced by

16.4% of the respondents as shown in Figure 4.20.
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Figure 4.20: Conservation practicesin Kapingazi catchment

Steep/slopy areas experienced most soil erosion in Kapingazi catchment asidentified by 37.8%
of the respondents as shown in Table 4.9. The steep slopes surrounding River Kapingazi accelerate
bank erosion, leading to significant siltation, pollution, and overall deterioration of water quality.
On such dopes, the use of residue cover crops is often impractical, as these materials are easily
washed downhill, further polluting the river. Consequently, cultivation on steep terrain within the
catchment has negatively affected water quality due to insufficient or absent soil and water
conservation measures. This has intensified soil erosion, reduced soil productivity, and emerged
as a key land degradation threat, as acknowledged by 89.6% of respondents in the Kapingazi
catchment. Erosion remains a main driver of land degradation, frequently stripping away fertile
topsoil.(Jara-Rojas et al., 2013).

Soil productivity loss was due to unsustainable agricultural practices. The soil experienced a
decline in organic matter, reduced biodiversity, compaction, both point-source and diffuse
contamination, along with pollution leading to soil fertility loss due to acidification or nutrient
deficiency. Nutrient deficiency was caused by over cultivation or failure to replace nutrients or
removal through harvest of nitrogen fixing legumes or fertilizers. This means that the livelihood
of the respondents was threatened in regards to food security and household income as shown in
Figure 4.21.
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Table4.9

Areas of the farms experiencing most soil erosion in Kapingaz catchment

Area N Per cent
Bare area 4 4.9%
Riparian area 13 15.9%
Homestead 23 28.0%
Road/paths 10 12.2%
Steep /slopy area 31 37.8%
Farm boundary 1 1.2%
Total 82 100.0%
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Figure 4.21: Land degradation in Kapingazi catchment

Besideslossof soil productivity, runoff contributed to reduction of water quality becauseit collects
soil sediments and water pollutants such as agrochemicals from the farms, petrochemicals and
solid waste from shopping and urban centres such as Embu town which was observed by 12.7%

of the respondents asit collected into theriver.

Over the past decade, water quality and quantity in the Kapingazi River have declined, largely
due to cumulative human activities along the riparian zone and within the catchment. Similar
trends have been documented in studies examining the effect of land use on rivers across Kenya.
For instance, Masese et al. (2009) reported that turbidity levels rise downstream, mainly due to
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agricultural practices and soil erosion from unpaved roads. Other investigations in the Kapingazi
River confirm that the deterioration of water quality is closaly linked to intensified farming and
deforestation, afinding a so supported by local respondents as well as by KenGen and EWASCO.

4.4.2 Catchment management practices

Catchment management involves implementing sustainable land and water use practices to
prevent negative environmental impacts especially concerning water quality and quantity. The
Kapingazi catchment community adopted various soil and water conservation measures to
safeguard natural resources and strengthen water security. The results of this study, illustrated in
Figures 4.22 and 4.23, demonstrate strong local involvement in catchment management practices,
with afocus on agroforestry and other land-based conservation interventions.

Stone stnps

Cover croppin

Drought resastant vaneties
Contour plouging

Crop rotation

Muxed cropping

Roof water harvestin

Sod and water conservation practices

Temacing
Mapier grass stnps

Tree planting

T T T
20 40 60 30 100

Percentage

I
o

Figure 4.22: Soil and water conservation practices in Kapingazi catchment

As shown in Figure 4.22, 100% of the respondents reported planting trees on their farms as a
conservation measure. This widespread practice reflects a strong awareness of the functions of
trees in maintaining water quality and quantity. Indeed, 99% of the respondents believed that
planting more trees improved water quality, while 95% perceived a positive impact on water
quantity. The community planted a variety of tree species including indigenous, exotic, and fruit

trees demonstrating the broad adoption of agroforestry systems.
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Figure 4.23: Conservation practicesin Kapingazi catchment

Agroforestry was particularly prevaent in the upper catchment, as shown in Figure 4.23, where
steep slopes increase the risk of soil erosion and runoff. Trees were planted to reduce runoff,
minimize siltation, and mitigate flooding in Kapingazi River. Additionally, they helped regulate
the water cycle, thereby maintaining consistent water flow and availability. Beyond environmental
benefits, trees aso contributed economic value: fruit trees such as macadamia, avocado, and
mango generated income, while others provided timber, fuelwood, and boundary demarcation.

A significant 88% of respondents used Napier grass strips along contours, a practice effective
in preventing soil erosion on the catchment's hilly terrain. These strips enhanced water absorption,
stabilized terraces, and reduced pollutant loads from runoff, thereby improving water quality.
Moreover, Napier grass served adua purpose as fodder for livestock, aligning conservation with
livelihood needs.

Terracing was practiced by 64% of respondents, particularly in coffee-growing zones, where
steep slopes made farming more challenging. Terraces slowed down surface runoff and increased

the land’s water retention capacity, making intensive farming possible.
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Plate 4.5: Washed off terracesin Kamiu village in Kapingazi catchment

However, field observations such as in Plate 4.5 show that many terraces were poorly
maintained, leading to soil erosion during heavy rains. As highlighted by Tefera and Sterk (2010),
the lack of short-term benefits from terraces may have discouraged maintenance. This underscores
the need for rehabilitating collapsed terraces and constructing new ones where none exist to ensure
effective catchment management.

Several other soil and water conservation methods were aso in use: Roof Water Harvesting
(52%): Thiswas used to store water in tanks and jerry cans, hel ping househol ds cope with seasonal
shortages and infrastructure-related disruptions. Mixed Cropping (46%): Practiced on small
landholdings (average 2.3 acres), it allowed efficient land use and soil coverage, thereby reducing
erosion. Crop Rotation (40%): Extended periods of soil cover helped retain moisture and improved
soil health, indirectly benefiting water quality. Contour Planting (27%): Hel ped reduce runoff and
sedimentation, increasing infiltration and protecting water resources. Planting Drought-Resi stant
Crops (22%): Specieslike cassavaimproved water-use efficiency, especially important during dry
spells. Cover Cropping (5%) and Stone Strips (4%): Though practiced by fewer farmers, these
contributed to erosion control and runoff reduction.

The results show that Kapingazi catchment has a highly engaged farming community
practicing various soil and water conservation techniques. Agroforestry, Napier grass strips, and
terracing were the dominant strategies, closely linked with improvements in water quality and
guantity. However, maintenance challenges especially for terraces and limited adoption of some
conservation practices indicate areas needing further support and education. Strengthening

community capacity, promoting awareness of short- and long-term benefits, and integrating
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economic incentives with conservation goalswill bevital for sustaining these efforts and achieving
holistic catchment management in Kapingazi.

The uptake of soil and water conservation (SWC) measures in Kapingazi catchment appears
to be closely tied to the perceived and actual benefits experienced by farmers. As noted by
Musiyiwa et al. (2016), farmers are more likely to embrace conservation practices when they can
observe tangible improvements in productivity or economic gain. This insight helps explain why
certain measures, such as agroforestry and Napier grass strips, are widely practiced in Kapingazi
farmers recognize their dual value in conserving soil and water while also supporting livelihoods
through fodder, timber, and fruit production.

The absence of adequate conservation interventions, on the other hand, poses significant risks.
Without these measures, soil erosion accelerates, washing away topsoil rich in fertilizers and
pesticides. This not only deteriorates the water quality in the Kapingazi River posing risks to
downstream users and aquatic ecosystems but also reduces soil fertility and structure, leading to
lower crop yields and undermining food security in the region.

Evidence from other regions supports this view. For instance, a study conducted by (Dagnew
et al. 2015) in the Blue Nile Basin in Ethiopia found that adopting soil and water conservation
practices in areas where none previously existed significantly reduced runoff and sedimentation.
These improvementsin turn led to enhanced water quality and quantity, similar to the goals being
pursued in Kapingazi catchment.

These findings reinforce the importance of continued education, extension services, and
incentives for farmers in Kapingazi. By linking SWC measures directly to economic and
productivity benefits and demonstrating long-term environmental gains stakeholders can enhance
the adoption of conservation practices. This will not only secure sustainable agricultural
production but also help protect the ecological integrity and water resources of the Kapingazi
catchment.
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4.4.3 Organization of the catchment usersin Kapingazi catchment management
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Figure 4.24: Organization of catchment management in Kapingazi catchment

Figure 4.24 presents the organizations involved in the management of the Kapingazi
catchment, highlighting the key playersinvolved, their level of participation, and the awareness of
their roles among the local population. Effective catchment management depends on the
collaborative engagement of multiple stakeholders involving government institutions, private
entities, community based organizations and local populations in efforts aimed at sustainable
natural resource utilization and the improvement of water quality and supply.

The magjority of respondents (31%) identified government authorities as the principa actorsin
managing the Kapingazi catchment. These authorities include the Water Resources Authority
(WRA), Nationa Environment Management Authority (NEMA) and government-supported
projects such asthe Mt. KenyaEast Pilot Project (MKEPP) and the Upper TanaNatural Resources
Management Project. These institutions are responsible for enforcing regulations (e.g., banning
guarrying along rivers, removing water-intensive eucalyptus trees), issuing water abstraction
permits, and initiating conservation programs. Their active presenceis likely why they were most
recognized by respondents.

However, 26% of respondents were unaware of any organizations involved in catchment
management. This significant portion points to a gap in awareness and outreach, which could be
attributed to limited interaction between conservation institutions and the genera public, or the

lack of visibility of institutional activities on the ground. This lack of awareness suggests a need
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for improved stakehol der engagement and education to enhance local participation and support for
catchment management initiatives.

Only 11% of respondents recognized the Kapingazi Water Resource Users Association
(KaWRUA) as active in the catchment. KaWRUA has been involved in key management tasks
such as riparian protection, tree planting, and monitoring of water abstraction, especially to
safeguard water access for downstream users. Their outreach through farmer meetings also plays
an important role in educating communities about water conservation practices, though evidently,
more visibility and support may be needed to strengthen their impact.

Another 11% of respondents cited agricultural cooperatives, particularly tea and coffee
cooperatives, as contributors to catchment management. These organizations engage in activities
such as distribution of macadamia seedlings to prevent soil erosion, environmental education
campaigns, and tree planting efforts to offset deforestation caused by fuel wood extraction for
factory operations. This participation reflects a growing trend of linking agricultural production
with environmental conservation.

Universities and research organizations were identified by 3% of respondents, indicating a
limited but important role in conducting studies that inform catchment management practices.
Institutions such as KALRO, CIFOR-ICRAF, and CIMMYT have conducted relevant research
within the catchment, although their indirect involvement may explain their low visibility.
Surprisingly, only 2% of respondents reported involvement of water service providers, and
interviews confirmed that most providers were not engaged in catchment management. Thisaligns
with the separation of rolesintroduced in the Water Act of 2002, which delineated responsibilities
between water service provision and water resources management. However, Embu Water and
Sewerage Company (EWASCO) and KenGen expressed willingness to participate in catchment
conservation, indicating potential for future collaboration with WRA and Embu County
Government in initiatives such as tree planting and stormwater harvesting.

Y outh and women groups were minimally involved, with only 2% and 1% of respondents
recognizing their participation, respectively. These groups are primarily focused on economic
empowerment and remain underrepresented in environmental management efforts. Thishighlights
agender and age-based disparity that must be addressed to foster inclusive catchment governance.

The results demonstrate a mixture of active involvement, partia participation, and significant

gaps in awareness and inclusion among catchment users. While government agencies dominate
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the landscape, there is a clear need to improve the visibility and involvement of local groups,
cooperatives, and marginalized stakeholders such as women and youth. Enhancing coordination,
building awareness, and encouraging multi-stakeholder participation are critical for effective and

sustai nable catchment management in Kapingazi.

4.4.4 Functions of organizationsin catchment management in Kapingazi catchment
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Figure 4.25: Functions of the organizations in management of Kapingazi catchment

Figure 4.25 presents the diverse roles that organizations play in managing the Kapingazi
catchment, as reported by local respondents and supported by insights from Focus Group
Discussions (FGDs). The results reveal that catchment management is a multifaceted process
involving both governmental and community-based institutions with complementary functions.

The most prominent function, as indicated by 51.5% of the respondents, was the
implementation of conservation activities. Thisroleis primarily driven by the presence of various
government institutions and development projects operating in the catchment, such as the Water
Resources Authority (WRA), National Environment Management Authority (NEMA), Kenya
Forest Service (KFS), Kenya Wildlife Service (KWS), and the Ministry of Water, Sanitation and
Irrigation through the Upper Tana Natural Resource Management Project. These institutions
collaborate with local communities, including Kapingazi Water Resources Users Association
(WRUA) and Community Forest Associations (CFAS), to promote conservation through initiatives
like afforestation and soil erosion control.

The monitoring of water use, cited by 22.3% of the respondents, was another key function.

This responsibility was particularly critical as a result of the increasing irrigation water demand
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from the Kapingazi River. Kapingazi WRUA plays acentral rolein thisareaby conducting regular
monitoring, stopping illegal water abstractions, and ensuring water flows are maintained for
downstream users. The issuance of water abstraction permits, a responsibility of the Water
Resources Authority, complements this monitoring function by regulating who can legally access
and utilize water resources.

Development and enforcement of water regulations were aso highlighted by 14.6% of
respondents. These roles aim to reduce pollution risks and ensure equitable and sustainable
distribution of water resources. Organizations such as NEMA and WRA are mandated to create
and implement regulatory frameworks that integrate land-use planning with water quality control,
ensuring that activities within the catchment do not degrade the river ecosystem.

A smaller proportion of respondents recognized other functions. For example, 3.9% noted the
communication of environmental information, typically carried out during chief’s barazas and
through community training sessions on topics such as tree planting. Another 3.9% pointed out
marketing roles undertaken by agricultural-based institutions like tea, coffee, and macadamia
processing factories, which help local farmers sell their produce. Only 2.9% mentioned ensuring
water supply, afunction fulfilled by institutions such as WRA and KaWRUA through enforcement
of permit conditions and by environmental projects like the Mt. Kenya East Pilot Project
(MKEPP), which supported tree planting to enhance water retention and supply.

A further 1% of respondents indicated that individual farmers were also actively engaged in
farm-level conservation practices. These efforts were attributed to heightened awareness and
education likely fostered by training programs from environmental initiatives like MKEPP.

From the FGDs, further insights were gathered on the specific functions of local organizations.
Kapingazi WRUA is instrumental across various activities such as conservation (e.g., tree
planting), monitoring pollution, reporting to WRA, carrying out abstraction surveys, and
delineating riparian zones through marking and pegging. FDAC, which was established during
MKEPP implementation, shares similar conservation responsibilities but aso focuses on
community economic empowerment through agriculture and livestock programs. The Irangi
Community Forest Association isprimarily concerned with forest management, particularly within
the Mt. Kenya Forest where Kapingazi River originates, but also contributes to water resource

management within forested areas.



Regulatory authorities like NEMA and WRA are important in enforcing environmental and
water-related legidation, respectively. They contribute to the development and execution of
catchment-specific policies and regulations. The functions of these organizations span a wide
spectrum, including water alocation, natural resource planning, public education, conflict
resolution, consensus-building, and restoration of degraded areas core aspects of Integrated Water
Resources Management (IWRM). Thus, the organizations involved in managing the Kapingazi
catchment perform arange of essential functions. While conservation and regul ation are dominant
themes, other areas such as economic support, community education, and inter-agency
coordination are equally important for ensuring the sustainable management and long-term

preservation of the catchment’s water and natural resources.

4.4.5 Challengesin catchment management in Kapingazi catchment
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Figure 4.26: Challenges in the management of Kapingazi catchment

Figure 4.26 illustrates the various challenges encountered in the management of the Kapingazi
catchment as reported by stakeholders and respondents. The most significant challenge, identified
by 18.7% of respondents, was non-compliance with existing water regulations such as the
Environmental Management and Coordination Act (EMCA) of 2015 and the Environmental
Management and Coordination (Water Quality) Regulations of 2006. These regulations are

essential for safeguarding water sources, aguatic ecosystems, and other environmentally sensitive
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areas. However, respondents and focus group discussions (FGDs) with stakeholders such as the
Kapingazi Water Resources Users Association (KawRUA) and the Forest Development and
Advisory Committee (FDAC) revealed frequent violations. Examples included unlicensed
irrigation, direct discharge of effluent into rivers, and illegal quarrying along riparian zones.

Closely linked to non-compliance was the issue of weak enforcement mechanisms, cited by
10.3% of respondents. The lack of government action and limited institutional capacity to monitor
and enforce regulations have allowed environmentally harmful practices to persist. Another
concern was the lack of commitment among catchment users toward conservation efforts, which
reflects a broader issue of stakeholder disengagement.

However, 14.8% of the respondents indicated that they observed no challenges in catchment
management. This could be indicative of limited awareness, lack of education on environmental
issues, or low levels of involvement in catchment activities. Indeed, another 10.3% attributed the
challenges to alack of awareness resulting from insufficient environmental education campaigns

and low literacy levels within the catchment communities.

Plate 4.6: Focus group discussion with KaWwRUA, FDAC and Irangi CFA

In addition, FGDs (as shown in Plate 4.6) revealed poor coordination among stakeholder
groups, including KawRUA, CFAs, and FDAC, which was highlighted by 2.8% of the
respondents. These coordination failures often led to conflicting interests and undermined
collective management efforts. A case in point involved water tankers illegally extracting water
from the Kapingazi River despite lacking permits from KaWRUA, yet carrying authorization from
Embu County Government and the police. Such overlapsin authority and inconsistent enforcement
further erode the effectiveness of catchment governance.
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These findings align with Globa Water Partnership (2015), which identified poor inter-agency
coordination and lack of stakeholder cooperation as key impediments to water governance in
Kenya. They are also consistent with Mukeria et al. (2021), who documented similar challenges
among stakeholders in Ethiopia’s Hawassa Catchment, underscoring the universal nature of
stakeholder-related barriers in catchment management. Ineffective catchment management not
only threatens water quality and quantity but also impacts downstream users and undermines
sustainable agriculture and environmental conservation. A holistic and integrated approach
comprised of better stakeholder coordination, regulatory compliance, public awareness, and
economic incentives such as Payment for Ecosystem Services (PES) is essential. PES could
encourage sustainable land management and enhance community participation by delivering
practical conservation benefits that strengthen the resilience, health, and sustainability of the
Kapingazi catchment.

4.5 Per ceptions of human activities affecting water provision servicein Kapingazi
catchment

The effects of human activities on the Kapingazi catchment were apparent. The biodiversity
structure of the ecosystem has been simplified by such activities. As a result, both water quality
and quantity are increasingly undermined by different sectors within the catchment, thereby
threatening and reducing the avail ability of ecosystem services and resources. Therefore, this study
sought so to find out the perceived human activities affecting changes on water quality and water
guantity whether by farmers, urban households and shopping centres, coffee factories, tea
factories, transport industry, education institutions and irrigatorsin Kapingazi catchment as shown
in Appendix 1 using logistic regression model. The significance of establishing the human
activities affecting water service provision in Kapingazi catchment is to be able to identify the
negative impacts which could be addressed in the payment for ecosystem services scheme in
Kapingazi catchment. The validity of the logistic regression was ascertained by carrying out
preliminary analysesto verify that its assumptions were met when examining the perceived effects

of changesin water quality and water quantity within the Kapingazi catchment.
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4.5.1 Perceived human activities affecting changesin water quality

As procedure to run logistic regression for checking perceived human activities affecting

changesin water quality, the study checked for assumptions satisfied by the moddl.

4.5.1.1 Assumptions of logistic regression satisfied by the model for changesin water

quality

The diagnostic tests for the logistic regression of percelved human activities affecting changesin

water quality was tested as shown below:

The dependent/response variables were dichotomous with the response of Yes or No as

shown in the dependent variable encoding Table 4.10.

Table4.10

Dependent variable encoding for changesin water quality

Original value Internal value
No 0
Yes 1

The dataset comprised independent observations, with no repeated measures from the
sameindividual or interrelated entries. The assumption was verified by the Durbin-Watson
test of linear regression between the dependent and independent variables, resulting in a
value of 1.842, which fallswithin the permissible range of 1.5 to 2.5, showing the absence
of autocorrelation as shown in the Table 4.11.

88



iv.

Table4.11

Model summary® for changesin water quality

Adjusted R Std. Error of  Durbin-
M odel R R Square  Square  theEstimate  Watson

1 0.6572 0.432 0.389 0.25534 1.842

a. Predictors: (Constant), Irrigators’ Activities, Urban/Shopping Centre's
And Urban Household Activities, Coffee Factories Activities, Farmer's
Activities, Education Institution Activities, Tea Factories Activites,
Transport Activities

b. Dependent Variable: Changes In Water Quality

Multicollinearity was not detected among the independent variables. The VIF test
indicated that none of the explanatory variables showed strong correlation, so confirming
that each provided unique information to the regression model. There was no relationship

between a predictor and the other variables as indicated by a VIF score of 1 in the model

asshownin Table4.12.

Table4.12

Coefficients? for changesin water quality

Collinearity Statistics

Model 1 Tolerance VIF

Farmer's Activities .899 1.112
Urban/Shopping Centre's And Urban Household Activities .846 1.182
Coffee Factories Activities .896 1.116
Tea Factories Activites .889 1.124
Transport Activities 779 1.284
Education Institution Activities .846 1.181
Irrigators Activities 776 1.289

a. Dependent Variable: Changes In Water Quality
The independent variables showed a linear relationship with the logit of the dependent

variable. This assumption was evaluated using the Hosmer-L emeshow test, which yielded

an insignificant result (p = 0.972, p > 0.05) as shown in Table 4.13.
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Table4.13
Hosmer and Lemeshow test for changesin water quality

Step Chi-square df Sig.
1 2.260 8 0.972

v. Thesample size was sufficiently large, tested through the Hosmer and Lemeshow test for
goodness of fit to the data which was insignificant with p = 0.972 as shownin Table 4.13.
vi.  There were no influential outliers in the dataset. This was checked through the Cook’s
distance test as shown in Figure 4.27. The highest value did not exceed 1 in the Cook’s

distance therefore there were no extreme outliers.
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Figure 4.27: Cook's distance for changes in water quality

4.5.1.2 Logistic regression for human activities impacting on changesin water quality in
Kapingazi catchment
Following the logistic regression analysis, farming activities emerged as the most influential

anthropogenic factor significantly affecting water quality changes in the Kapingazi catchment at a

90



95% confidencelevel, asindicated in the output bel ow. This section also presentsthe overall model
assessment from the Omnibus Tests of Model Coefficients table.

Table4.14

Omnibus tests of model coefficient

Step 1 Chi-square df Sig.
Step 41.223 7 .000
Block 41.223 7 .000
Model 41.223 7 .000

The Omnibus test of model coefficients demonstrated that the model as a whole was
statistically significant, X3(7, n = 100) = 41.22, p < 0.0005 as shown in Table 4.14.

Table4.15

Model summary

Step -2 Log likelihood Cox & Snéll R Square Nagelkerke R Square
1 32.1622 .338 0.650

a. Estimation terminated at iteration number 20 because maximum iterations has been
reached.

The model summary table (Table 4.15) summarizes the Cox & Snell R?2 and Nagelkerke R2
statistics, which measure the proportion of explained variation and are frequently referred to as
pseudo R2 values. These values are generally lower than those in multiple regression but can be
interpreted in asimilar way, with added caution. According to our model, the dependent variable's
(changesin water quality) explained 34.0% of the variance using Cox & Snell R? and 65.0% using

Nagelkerke R2.

Table4.16

Hosmer and Lemeshow test

Step Chi-square df Sig.
1 2.260 8 972
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The Hosmer-Lemeshow test (Table 4.16) evaluated whether the model’s predictions aligned
with the observed group classifications. By comparing the observed and expected frequencies
under the linear model, a chi-square statistic was calculated. A non-significant result (0.972)
indicates a good fit between the model and the data.

Table4.17
Classification table

Observed Changes Predicted Changesin Water Quality Per centage Correct
in Water Quality

No Yes
Step 1
No 8 4 66.7
Yes 3 85 96.6
Overall Percentage 93.0

The cut valueis 0.500

Table 4.17 presents the classification results from logistic regression, which estimated the
likelihood of an event (changes in water quality) occurring. If the probability was greater than or
equal to 0.5, SPSS Statistics classified the event as occurring; otherwise, it was classified as not
occurring. Evaluation of the model's classification performance was made possible by the binomial
logistic regression, which assessed whether cases were correctly predicted from the independent
variables.

The model correctly classified 93.0% of cases overall (see the “Overall Percentage” row),
representing the overall classification accuracy, with the inclusion of the independent variables.
Activitiesthat caused changes in water quality were correctly predicted 96.6% of the time (seethe
“Percentage Correct” column under “Yes”), reflecting the model’s sensitivity. Activities that did
not cause changesin water quality were correctly predicted 66.7% of the time (see the “Percentage
Correct” column under “No”), representing the specificity. The positive predictive value the
proportion of correctly predicted cases with the characteristic relative to all cases predicted as
having it was calculated as 100 x (85 + (4 + 85)) = 95.5%, meaning 95.5% of cases predicted to

cause changes were correct. The negative predictive value the proportion of correctly predicted
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cases without the characteristic relative to al cases predicted as not having it was 100 x (8 + (8 +

3)) = 72.7%, indicating that 72.7% of cases predicted not to cause changes were correct.

Table4.18
Variablesin the equation

95% C.I for EXP(B)

B SE. Wald df Sig. Exp(B) L ower Upper
Step 12 Farmers(1) 3.607 1.139 10.031 1 .002 36.863 3955 343591
Urbanhhcentresho
, 19.444 5139.439 .000 1 997  278370315.301  .000
ppingcentres(1)
Coffeefact(1) 1.496 1.021 2.147 1 143 4.465 .603 33.039
Teafact(1) 1.778 1.126 2.493 1 114 5.915 651 53.737
Transport(1) 17.345 6310.943 .000 1 998 34089873.543 .000
Educationingtit(l)  -1.325 16134.131 .000 1 1.000 .266 .000
Irrigators(1) -1517 1.180 1.653 1 199 219 022 2.216
Constant 2172 1.071 4.108 1 .043 114

Variable(s) entered on step 1: Farmers, Urbanhhcentreshoppingcentres, Coffeefact, Teafact, Transport, Educationinstit, Irrigators

The Wald test, which is shown in the "Wald" column, was applied to evauate the statistical
significance of each independent variable in the variables in the equation table (Table 4.18). The
corresponding significance values are reported in the “Sig.” column. The results indicate that
Farmers (p = 0.002) contributed significantly to the model, whereas Urban households (p = 0.997),
Coffee factories (p = 0.143), Tea factories (p = 0.114), Transport (p = 0.998), Educational
ingtitutions (p = 1.000), and Irrigators (p = 0.199) did not show significant contributions.

The probability of an event occurring given aone-unit changein an independent variable, while
holding all other variables constant, was estimated using the "Variables in the Equation” table.
Results indicate that the odds of farmers’ activities affecting water quality (“yes” category) are
36.863 times higher than those of urban households, coffee factories, tea factories, the transport
sector, educationa institutions, and irrigators within the Kapingazi catchment.

To assess the impact of various stakeholders including farmers, urban households, tea and
coffee factories, transport, educational institutions, and irrigators on changes in water quality in
the Kapingazi catchment, a logistic regression was performed. The analysis was statistically
significant, X2(7, n = 100) = 41.22, p < 0.0005, accounting for 65.0% of the variance (Nagelkerke
R2). The model correctly predicted 93.0% of water quality change cases, with the effect of farmers’
activities estimated at -2.17 + 3.61.
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Perceived Farmers’ activities were 36.836 times more likely to cause changes in water quality
in Kapingazi river. Increasing farmers’ activities was associated with an increased likelihood of
changes in water quality of Kapingazi river. The observed increase in riparian cultivation,
chemical pest and disease control, river washing, deforestation, quarrying, and poor waste
management is likely to reduce the water quality of the Kapingazi River. According to Appendix
1, the results indicated that the odds ratio for the impact of additional agricultural activities on
changes in water quality in the Kapingazi catchment was 36.863, indicating that the likelihood of
changesin water quality increases by afactor of 36.863 as farming activities increase.

This could be attributed to farming activities such as cultivation at the riparian area as
elucidated by 16.4% of the respondents which from the results was the highest among farming
activities contributing to changes in water quality in Kapingazi catchment as shown in Plate 4.7.
The cultivation of riparian areas arises from small landholdings, with these zones offering critical
space for growing food crops throughout the year, particularly in dry periods. Such agricultural
activities, however, have significant effects on riparian structure and functioning. Clearing riparian
vegetation modifies river hydrology and geomorphology, as roots that stabilize soil are removed,
hydraulic roughness declines, and near-bank flow velocities increase (Sedell & Beschta, 1991).
These changes accelerate bank erosion during high flows, especially in the rainy season.
Furthermore, research by Bunn et al. (1999) indicates that the removal of shade and large plants
encourages filamentous agae proliferation, altering habitats and diminishing water quality. The

cumulative effects are reflected in the deteriorated water quality of the Kapingazi River catchment.
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Plate 4.7: Cultivation at the riparian areain Kivumburi village in Kapingazi area

Chemical control of pests and diseases at theriparian areaand in the farms (5.2%) and washing
clothesin theriver (4.9%) were a so cited as contributors to changes in water quality of Kapingazi
River. Pollutants such as herbicides, fertilizers, fungicides, pesticides and detergents used by
farmers were washed into Kapingazi River, thereby causing water pollution hence reducing the
water quality. This could be as aresult of cultivation at the riparian area which reduces its ability
to filter sediments, nutrients and pesticides entering the river from the farms. According to 3.4%
of the respondents, soil erosion contributed to water quality decrease due to lack of adequate soil
and water conservation measures in farms which was observed in various farms as shown in Plate
4.8. There was evidence of gullies and rills in farms and areas that had less vegetative cover or

lacked structural soil and water control measures such as terraces and gabions.

Plate 4.8: A farm with inadequate soil and water conservation measures in Thigingi villagein
Kapingazi catchment
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The respondents (2.8%) noted that deforestation at farm level aso contributed to water quality
decrease since it exposed the soils to the agents of soil erosion such aswater which carried the soil
particle sediments causing turbidity of water and siltation in Kapingazi River. Deforestation was
incidental within Kapingazi catchment to provide fuel wood for households as shown in Plate 4.9
and tea factories in the area. Fuel wood collection and charcoal production contributed much to
the depletion of vegetation types which led to exposure of soil. The fuel wood was used for cooking
food. Similarly, charcoa provided aternative source of energy for households within the
catchment as a coping mechanism when there was decrease in fuel wood provision. Local

industries such as carpentry workshops also depended on the local timber from farms as their raw

materials.

Plate 4.9: Photo showing timber, firewood and charcoa burning in Kibugua and Mutuandu

villagesin Kapingazi catchment

Quarrying/stone mining and poor waste management had the lowest impact on changes on
water quality according to 2.2% and 1.9% of the respondents respectively. Some farmers in the
catchment mined building stone blocks and harvested sand from the river mostly along the riparian
area which were sold to building contractors in order to supplement their household incomes as
showninthe Plate 4.10. Quarrying activities can significantly disrupt existing ecosystemsand alter
hydrogeological and hydrological patterns. The environmental impacts of stone and sand
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extraction include deterioration of water quality due to scouring and accumulation of suspended
sediments, elevated turbidity levels (Chutter, 1996), river channel erosion, groundwater depletion,
loss of fertile topsoil, forest degradation, and reductions in aquatic biodiversity, as well as
diminished landscape aesthetics (Ozcan et al., 2012). Beyond direct habitat disturbance, stone
mining can also generate long-range impacts on downstream communities, extending beyond the
immediate area of operations.

Plate 4.10: Quarrying activity in Kariari village in Kapingazi catchment

Poor waste management was noted as a contributor to changesin water quality whereby waste
especially used agrochemica containers was observed lying in farms uncollected as shown in
Plate 4.11 or directly disposed into the river after use by the farmers who sprayed crops at the
riparian area.

Therefore, increased activities such as riparian cultivation, chemical pest and disease control,
washing clothes in the river, soil erosion, deforestation, quarrying, and poor waste management
by farmers in the Kapingazi catchment are likely to further degrade water quality, as they

substantially influence changes in the catchment’s water quality.
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Plate 4.11: Disposed agrochemical containersin afarm in Kithangari village in Kapingazi
catchment
4.5.2 Perceived human activitiesimpacting on changesin water quantity

As procedure to run logistic regression for checking perceived human activities affecting

changesin water quantity, the study checked for assumptions satisfied by the model.

4.5.2.1 Assumptions of logistic regression satisfied by the model for changesin water
guantity
The diagnostic tests for the logistic regression of perceived human activities affecting changes
on water quantity were tested as shown below.
i.  The dependent/response variables were dichotomous with the response of Yes or No as

shown in the dependent variable encoding Table 4.19.

Table4.19
Dependent variable encoding for changes in water quantity
Original Value Internal Value
No 0
Yes 1

ii.  The dataset comprised independent observations, with no repeated measures from the
sameindividual or interrelated entries. The assumption was verified by the Durbin-
Watson test of linear regression between the dependent and independent variables,
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resulting in avalue of 2.216, which falls within the permissible range of 1.5t0 2.5,

showing the absence of autocorrelation as shown in the Table 4.20.

Table4.20
Model Summary® for changesin water quantity

Adjusted R Std. Error of  Durbin-
M odel R R Square Square theEstimate @ Watson
1 A488* 238 .180 30611 2.216

a. Predictors: (Constant), Irrigators' Activities, Urban/Shopping Centre's
And Urban Household Activities, Coffee Factories Activities, Farmer's
Activities, Education Institution Activities, Tea Factories' Activites,
Transport Activities
b. Dependent Variable: Changes In Water Quantity

Multicollinearity was not detected among the independent variables. The VIF test indicated
that none of the explanatory variables showed strong correlation, so confirming that each
provided unique information to the regression model. There was no relationship between a
predictor and the other variables asindicated by a VIF score of 1 inthe model asshownin
Table4.21

Table4.21

Coefficients? for changes in water quantity

Collinearity Statistics

Modd 1 Tolerance VIF

Farmer's Activities .899 1112
Urban/Shopping Centre's and Urban Household Activities .846 1.182
Coffee Factories Activities .896 1.116
TeaFactories Activites .889 1.124
Transport Activities 779 1.284
Education Institution Activities .846 1181
[rrigators Activities 776 1.289

a. Dependent Variable: Changes In Water Quantity
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iv.  The independent variables showed a linear relationship with the logit of the dependent
variable. This assumption was evaluated using the Hosmer-Lemeshow test, which yielded
an insignificant result (p = 0964, p > 005 as shown in Table 4.22.

Table4.22
Hosmer and Lemeshow test for changesin water quantity
Step Chi-square df Sig.
1 2.443 8 0.964

v.  The sample size was sufficiently large tested through the Hosmer and Lemeshow test for
goodness of fit to the data which was insignificant with p = 0.964 as shown in Table 4.22.
vi.  There were no influential outliers in the dataset. This was checked through the Cook’s
distance test as shown in Figure 4.28. The highest value did not exceed 1 in the Cook’s

distance therefore there were no extreme outliers.
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Figure 4.28: Cook's distance for changes in water quantity
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4.5.2.2 Logistic regression for human activities impacting on changesin water quantity in
Kapingazi catchment

Following the logistic regression analysis, farming and industrial activities emerged as the
most influential anthropogenic factor significantly affecting water quality changes in the
Kapingazi catchment at a 95% confidence level, asindicated in the output below. This section aso

presents the overall model assessment from the Omnibus Tests of Model Coefficients table.

Table4.23

Omnibus tests of model coefficients

Step 1 Chi-sguare df Sig.
Step 32.384 7 .000
Block 32.384 7 .000
Model 32.384 7 .000

The Omnibus test of model coefficients indicated that the model as a whole was statistically
significant, X?(7, n=100) = 32.384, p < 0.0005 as shown in Table 4.23.
Table4.24

Model summary

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square
1 44,8932 277 514

a. Estimation terminated at iteration number 20because maximum iterations has been
reached.

The model summary table (Table 4.24) summarizes the Cox & Snell R? and Nagelkerke R2
statistics, which measure the proportion of explained variation and are frequently known as pseudo
R2values. Thesevauesare generally lower than those in multiple regression but can beinterpreted
in asimilar way, with added caution. According to our model, the dependent variable's (changes

in water quality) explained 28.0% of the variance using Cox & Snell R? and 51.0% using
Nagelkerke R?.
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Table4.25
Hosmer and Lemeshow test
Step Chi-sguare df Sig.
1 2.443 8 0.964

The Hosmer-Lemeshow test (Table 4.25) evaluated whether the model’s predictions aligned
with the observed group classifications. By comparing the observed and expected frequencies
under the linear model, a chi-square statistic was calculated. A non-significant result (0.964)
indicates a good fit between the model and the data.

Table 4.26
Classification table
Observed Changes Predicted Changesin Per centage Correct
in Water Quantity  Water Quantity
No Yes
Step 1
No 5 8 38.5
Yes 1 86 98.9
Overall Percentage 91.0

a Thecut valueis.500

Table 4.26 presents the classification results from logistic regression, which estimated the
likelihood of an event (changes in water quality) occurring. If the probability was greater than or
equal to 0.5, SPSS Statistics classified the event as occurring; otherwise, it was classified as not
occurring. Evaluation of the model's classification performance was made possible by the binomial
logistic regression, which assessed whether cases were correctly predicted from the independent
variables.

The model correctly classified 91.0% of cases overall (see the “Overall Percentage” row),
representing the overall classification accuracy, with the inclusion of the independent variables.
Activities that caused changes in water quantity were correctly predicted 98.9% of the time (see
the “Percentage Correct” column under “Yes”), reflecting the model’s sensitivity. Activities that
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did not cause changes in water quantity were correctly predicted 38.5% of the time (see the
“Percentage Correct” column under “No”), representing the specificity. The positive predictive
value the proportion of correctly predicted cases with the characteristic relative to all cases
predicted as having it was calculated as 100 x (86 + (8 + 86)) = 90.5%, meaning 90.5% of cases
predicted to cause changes were correct. The negative predictive value the proportion of correctly
predicted cases without the characteristic relative to all cases predicted as not having it was 100 x

(5+ (5+ 1)) =83.3%, indicating that 83.3% of cases predicted not to cause changes were correct.

Table4.27
Variablesin the equation

95% C.| for EXP(B)

Step 12 B SE. Wald df Sig. Exp(B) L ower Upper
Farmers (1) 2.087 .997 4.385 1 .036 8.065 1.143 56.899
Urban households and centres (1) -.533 .849 394 1 530 .587 A11 3.098
Coffeefactories (1) 2.015 .816 6.104 1 .013 7.500 1.517 37.087
Teafactories(1) 3.036 1.236 6.034 1 014 20.826 1.847 234.815
Transport industry(1) -.830 .960 747 1 .387 436 .066 2.862
Education institutions(1) -545 17634.955 .000 1 1.000 .580 .000
Irrigators(1) 19.646 5727.455 .000 1 997  340626688.514  .000

Constant -1.507 .956 2482 1 15 222

a. Variable(s) entered on step 1: Farmers, Urbanhhcentreshoppingcentres, Coffeefact, Teafact, Transport, Educationinstit, Irrigators.

The Wald test, which is shown in the "Wald" column, was applied to evaluate the statistical
significance of each independent variable in the variables in the equation table (Table 4.27). The
corresponding significance values are reported in the “Sig.” column. The results indicate that
Farmers (p = 0.036), coffee factories (p=0.013) and tea factories (p=0.014) contributed
significantly to the model, whereas Urban households (p = 0.530), Transport (p = 0.387),
Educationa institutions (p = 1.000), and Irrigators (p = 0.997) did not show significant
contributions.

The probability of an event occurring given aone-unit changein an independent variable, while
holding all other variables constant, was estimated using the "Variables in the Equation” table.
Results indicate that the odds of farmers’ activities, coffee factories and tea factories affecting

water quantity (“yes” category) were 8.065, 7.5 and 20.826 times higher than those of urban
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households, the transport sector, educationa institutions, and irrigators within the Kapingazi
catchment.

To assess the impact of various stakeholders including farmers, urban households, tea and
coffee factories, transport, educational institutions, and irrigators on changes in water quantity in
the Kapingazi catchment, a logistic regression was performed. The analysis was statistically
significant, X2(7, n = 100) = 32.384, p < 0.0005, accounting for 51.4% of the variance (Nagel kerke
R?). The model correctly predicted 91.0% of water quantity change cases, with the effect of
farmers’ activities estimated at -1.51 (farmer’s activities+ 2.02 (Coffee factories’ activities) + 3.04
(Tea factories’ activities).

Farmers’, coffee factories and tea factories activities were 8.065, 7.5 and 20.826 times
respectively more likely to cause changes in water quantity in Kapingazi river. Increased activities
by farmers, coffee factories, and tea factories were associated with a higher likelihood of changes
in the water quantity of the Kapingazi River. Among these, coffee factory activities had the
strongest effect. Specifically, as coffee factory activities increased, the probability of changesin
water quantity rose by 7.5 times, corresponding to an odds ratio of 7.5. This increase is largely
attributed to water abstraction by coffee factories located along the Kapingazi River, as reported
by 23.6% of respondents. There were five coffee factories which abstracted water from Kapingazi
River which used the water for processing coffee therefore reducing the amount of water in it.
Therefore an increase in water abstraction by coffee factories would adversely affect the amount
of water flowing in Kapingazi River. This was supported by KenGen and EWASCO who noted
that there was over abstraction of water from the river which reduced its base flows.

It was also found that tea factories had a significant influence on water quantity in Kapingazi
catchment. Asteafactory activities affecting water quantity increase, the likelihood of changesin
water quantity rises by afactor of 20.826. The corresponding odds ratio for increased tea factory
activity is 20.826, indicating a substantial impact on water quantity. 12.7% of the respondents
agreed that deforestation by tea factories affected the amount of water in Kapingazi catchment.
Tea factories used fuel wood as their source of energy for processing tea as it was the cheapest
energy source. This fuel wood was sourced from farms within and outside Kapingazi catchment.
Deforestation has adverse effect on water quantity because it affects hydraulic regulation which
destroys and reduces the absorption capacity. Hlasny et al. (2015) found that deforestation can

substantially impact water hydrology asit induces asignificant decrease in interception of rain and
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evapotranspiration rates leading to reduced water availability. This study therefore shows if
deforestation continues, the amount of water available in Kapingazi River would decrease.
Therefore reforestation programmes should be implemented to reverse the trend.

Observations indicate that Farmers’ activities had a notable impact on changes in water
quantity in the Kapingazi catchment. The results reveal that a one-unit increase in farmers’
activitiesraisesthe likelihood of changesin water quantity by 8.065 times. The odds ratio of 8.065
indicatesthat for each incremental increase in farmers’ activities, the odds of experiencing changes
in water quantity increase by a factor of 8.065. Thisis due to cultivation at the riparian area as
indicated by 7.1% of the respondents. Cultivation of the riparian area was due to small land sizes
in Kapingazi catchment. This led to siltation of the Kapingazi river which caused reduced water
quantity in theriver asaresult of destruction of the riparian buffer zone which was supposed filter
the sediments if it was unaltered. Deforestation of riparian zones diminishes wildlife habitats and
corridors and directly affects stream ecosystems by reducing water quality and habitat availability,
through the removal of leaf litter, woody debris and dissolved organic carbon inputs (Castelle &
Johnson, 2000). Deforestation was a mgjor cause of decreased water quantity in Kapingazi River
as elucidated by 4.3% of the respondents. This was because of need for fuel wood and charcoal as
source of energy in householdsin Kapingazi catchment. Also, teafactoriesin Kapingazi catchment
sourced fuel wood for processing tea from local farmers at a fee besides the local artisans in
carpentry and in building and construction. Deforestation exposes soils to agents of soil erosion
and changes to sediment and nutrient loadings which affect water supply. Deforestation in the
catchment likely decreased dry-season water flows while increasing peak flows, resulting in
increased water scarcity during critical periods and worsening erosion on hill slopes (Mango et al.,
2011).

Water abstraction affected water quantity in Kapingazi catchment by coffee factories and
irrigators as was observed by 3.4% of the respondents as shown in Plate 4.12. This could be due
to water abstraction by coffee factories was high as there were five coffee factories along the river
for processing coffee after harvest. Irrigators abstracted water from the river to grow crops
especially during dry season months when river flows were low thus reducing water quantity for
downstream water users. Water was allocated through a system of permits but adequately failed in
controlling abstractions since abstraction limits were exceeded or due to lack of enforcement of

water rules. This was aso noted by EWASCO who were of the view that encroachment of the
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riparian area and inadequate tree cover had contributed to decreased water supply. This means if
these activitiesby farmersif continued unabated, they would lead to significant reduction in water

guantity in Kapingazi River within the catchment.
_ -

Plate 4.12: Water abstraction using water channels from River Kapingazi in Kivumburi village

These results therefore shows that activities by farmers had a significant impact on both water
quality and water quantity while teafactories and coffee factories had asignificant effect on water
guantity in Kapingazi catchment. This shows agricultural and agricultural related industria
activities were major human activities affecting water provision service in Kapingazi catchment.
This research is similar to that done by Ekka et al. (2020) and Soko (2014) that anthropogenic
modification through agriculture, industry, urbanization, deforestation and mining had impact on
river ecosystem services such as changes in water quality and water supply. Also a study carried
out by Omokhuaand Koyejo (2008) in Rivers states, Nigeriawhich revea ed that farming activities
were an important primary human activity which had a strong impact on aquatic ecosystems.
Davari et al. (2010) also found that agricultural-induced environmental changes impacted various
ecosystem services, including both water quality and quantity. The study revealed that chemical
use and soil erosion resulting from agriculture significantly affected water quality. The effect of
agricultural practices on water bodies includes the introduction of sediments, pathogens, nutrients,
metals, altered dissolved oxygen levels, and other habitat changes. According to Alavaisha (2020),
agriculture affected both water quality and availability in the Kilombero Valley, Tanzania, dueto
land-use activities like cultivation and deforestation. These shifts in water quality and quantity
reflect the integrated influence of various human activities along the Kapingazi River within its
catchment.

The findings of this study support Peters and Maybeck (2000), who observed that
modifications to landscapes and their vegetation affect not only the water balance but also the

mechanisms controlling water quality and quantity. Anthropogenic pressures, such as industrial
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and agricultural practices and the intensified exploitation of water resources, contribute to the
degradation of surface waters and compromise their usability for drinking, recreation, and other
functions (Jarvie et al., 1998). In addition, deforestation and intensified agriculture have been
linked to increased runoff frequency and volume, reduced base flows, higher pesticide
contamination, and el evated erosion and sedimentation in rivers and streams (Raini, 2009). Studies
by Ekkaet al. (2020) and Soko (2014) also established that industry, urbanization and agriculture

cause modification of water resources by affecting water quality and water quantity.

4.6 Establishment of the willingnessto pay for water provision services by the catchment
usersin Kapingazi catchment

The contingent valuation (CV) method was used to determine the economic value respondents
attributed to water services, such as enhanced supply and quality, which are not directly traded in
markets, in order to assess their willingness to pay for water provision services in the Kapingazi
catchment. The respondents were presented with a hypothetical scenario of contributing towards
aconservation fund in which they were asked to express the maximum amounts they were willing
to pay for enhanced water service provision in termsof water quality and quantity. The significance
of establishing the respondents willingness to pay for improved water services in Kapingazi
catchment was to provide WTP data that assigned economic values to improved water services,
making it possible to incorporate their importance into decision-making processes when designing
apayment for ecosystem services schemein Kapingazi catchment. Also policymakers can use the
WTP information to ensure that the costs of compliance or participation are justified by the
perceived benefits.

This study revealed that 99% of respondents were willing to participate in conserving the
Kapingazi catchment to ensure sustainable water supply, provision of ecosystem goods, and
improved water quality, despite 28% having low awareness of payment for ecosystem services
(Figure 4.29). Additionally, 67% of respondents expressed willingness to pay for enhanced water
services, including improved quality and quantity, through contributions to a conservation fund,
even though 28% were not familiar with PES schemes. These findings align with Swai (2016),
who reported that 71% of domestic water users were willing to pay for improved catchment
services. The results suggest that respondents in Kapingazi catchment prioritize improved water

guantity due to shortages and enhanced water quality.
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Figure 4.29: Respondents reasons for willingness to participate in conserving Kapingazi
catchment

People’s initiative to participate in conservation of the environment is positively affected by
their awareness of environmental protection subject. Respondents willing to pay were asked how
much the would be ready to contribute annually in Kenya Shilling. The resultsindicated an average
willingnessto pay of KES916.50 per year for improved water servicesin the Kapingazi catchment.
A maority of respondents (80.6%) expressed willingness to pay, with maximum amounts mostly
below KES 1000. Specifically, KES 500 was the most frequently cited maximum amount (21
respondents), followed by KES 1000 (15 respondents). These results indicate that, despite already
incurring monthly water connection fees, the respondents were willing to pay an additional amount
for enhanced water services, since 94% of respondents were connected to piped water, either
through in-house or on-compound taps as shown in Figure 4.30 and Table 4.27.

Wves
[~ R[]

Figure 4.30: Percentage of respondents paying for water in Kapingazi catchment
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This is because water quality and quantity had been declining over the last ten years as was

observed by 79% of the respondents respectively as shown in Figures 4.31 and 4.32 respectively.
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Figure 4.31: Water quality trend for the last ten years in Kapingazi catchment
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Figure 4.32: Water quantity trend for the last ten years in Kapingazi catchment

Most of the respondents in Kapingazi catchment had been connected to tap water. 16.1% had
in-housetap water while 75.4% had compound tap water as shown in Table 4.28. The other sources
of water used in Kapingazi catchment were borehole by 0.8% of the respondents. Out of the
respondents, 3.4% sourced their water from Kapingazi River, while 1.7% depended on water from
neighbors and 2.5% on rainwater. This indicates that the magjority of respondents did not rely
directly on water from River Kapngazi for domestic purposes. This could be as a result of
awareness and the need for clean treated water from water supply companies in order to prevent
waterborne diseases in as opposed to water of River Kapingazi. Those respondents who were not
connected to tap water could have been attributed to lack of disposable income to pay for water

connection fee.

109



Table 4.28
Main sources of water in Kapingaz catchment

Water Source N %
In-house tap water 19 16.1
Compound tap water 89 75.4
Borehole 1 0.8
River 4 34
Neighbour’s supply 2 17
Rain-harvested water 3 2.5
Total 118 100.0

According to this study, more than half of the respondents had moderately to somewhat
available water with their households. This shows that water was not available throughout in
majority of the householdswhich is occasioned by water rationing especially during the dry season
hence the willingness to pay for improved watershed servicesin Kapingazi catchment.
According to the study, 22% of participants indicated that their household water supply did not
adequately meet their requirements. According to 50 % of these respondents, water shortage had
been attributed to drought occasioned by the effects of climate change, deforestation (22.7%),
increased number of water users (13.6%) since the water infrastructure had not been expanded to
correspond with the growing population and inadequate maintenance of water infrastructure
(13.6%) as shown in Table 4.29, therefore triggering the willingness to pay for improved water

servicesin Kapingazi catchment.
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Table4.29

Causes of water shortage in Kapingaz catchment

Causes of water shortage N %

Drought 11 50.0
Deforestation 22.7
Increased number of water users 13.6
Inadequate maintenance of water infrastructure 13.6
Total 22 100.0

Source: (Field Data, 2018)

It was also apparent from the key informant meetings with water supply companies and
projects that Kapingazi River had inadequate water flows to sustain water supply to the residents
of Kapingazi catchment since five water companies and projects shown in Table 4.30, besides
Kamiu Kavanga irrigation water project, none sourced water from Kapingazi river that was
connected to the respondents within the catchment but sourced water from other rivers outside the

catchment.

Table4.30

Water supply companies and projects in Kapingaz catchment
Water Supply Company/Project N %
Kararitiri Water Project 15 15.0
Ngagaka Water Supply Company 16 16.0
Ngandori Nginda Water Consumers Association 56 56.0
Embu Water and Sanitation Company 6 6.0
Kamiu Kavanga Irrigation Project 1 1.0
Runga Irrigation Water Project 1 1.0
Not Applicable 5 5.0
Total 100 100.0

In order to cope with water shortage, 39.13% of the respondents with inadequate water supply
fetch water from Kapingazi River while 34.78% and 26.09% harvest rain water from rooftops and

store it in water tanks and 20 litre water jerry can containers when water for domestic use is

unavailable respectively.
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The remaining 5% of the respondents who had no piped water connection, was due to costs,
disconnectionsfor lack of payment of the monthly water connection fee and proximity to theriver.
When asked on their opinion on whether it was important to pay for water, 60% of the respondents
disapproved because according to them it was government’s responsibility to provide water and
cost implications for connecting water to their households. Nonetheless, 40% of the respondents
without piped water felt that it was an obligation to pay for water connection into their households

in order to maintain the infrastructure.

4.6.1 Respondents’ reasons for willingness to pay for improved water service provision in

Kapingazi catchment

The motivation for willingness to pay amounts was also determined. The respondents were
asked to indicate the reasons why they were willing to pay for enhanced water services. In this
study, 43.9% of respondents cited that the main reason was the provision of clean and reliable

water as shown in Table 4.31.
Table4.31

Respondents' reasons for willingness to pay for improved water service provision in Kapingaz

catchment

Reasonsfor WTP N %
To have aclean, reliable water supply 47 43.9
For the catchment to produce ecosystem services 13 12.1
My responsibility 1 0.9
For future generations 1 0.9
To benefit the local community 8 7.5
Water is aproblem 3 2.8
Enhanced security 1 0.9
The money will be used to conserve the catchment 29 27.1
Reduced cost of health 1 0.9
Income from surplus food 1 09
Improvement of aesthetic value 1 0.9
To control soil erosion 1 09
Total 107 100.0
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This is because magjority of the respondents relied on agriculture for their sustenance for food
and livelihood hence more water availability required to enhance production, and clean water is
necessary to safeguard their health. Some respondents (27.1%) believed that the money would be
used to conserve the catchment so that ecosystem goods and services could be produced that would
benefit the local population, as reported by 12.1% and 7.5% of respondents, respectively. Other
reasons reported by 0.9% of the respondents each for willingness to pay were to ensure water was
available for future generations. Others felt it was their responsibility to pay for improved water
services due to knowledge on importance of water conservation attributed by their education.
Enhanced security was another reason for willingness to pay due to having water within their
vicinity and reduced conflicts due to enhanced water availability. Reduced cost of health prompted
willingness to pay for improved water quality as it would reduce incidences of waterborne
diseases. Other respondents were willing to pay to improve food production due to improved water
quantity in Kapingazi river to irrigate their farms. The other reason for WTP was to improve the
aesthetic value of Kapingazi catchment.

Amponin et al. (2007) reported similar findings, offering possible explanations for water
users’ willingness to pay. Their study found that 78% of respondents desired a dependable water
supply, while 21% valued protecting watersheds for future generations. EWA SCO was willing to
pay through contribution towards a conservation fund for conservation of Kapingazi catchment,
whereas KenGen, was not willing to pay since they contribute to catchment protection through
Water Resources Authority’s Water Services Trust Fund.

4.6.2 Respondents’ reasons for not willing to pay for improved water service in Kapingazi
catchment

Approximately 35.3% of respondents were unwilling to pay for improved water services due to
financial constraints. Among them, 8.8% indicated they could not afford any additional costs on
top of their existing water bills, alongside other expenses such as electricity. as shown in Table
4.32.
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Table4.32
Respondents' reasons for not willing to pay for improved water service provision in Kapingaz

catchment
Reason for Not WTP N %
Inadequate finances 12 35.3
Money paid will be mismanaged 1 2.9
Public good 5 14.7
No improved catchment 1 29
No trust 1 29
Other hillsto pay 3 8.8
Old age 3 8.8
Small land sizes 2 59
Common fee agreed by all 2 59
Strict rules on river water usage 1 29
Family land disputes 1 29
Have done enough conservation on my farm 2 59
Total 34 100.0

Thisreason is as aresult of low incomes due to engagement in small scale agriculture. Also,
about 14.7% of the respondents argued that water is a public good therefore the conservation
activities should be conducted by the government. This could be explained by the fact that
watershed services are perceived as public goods. For example, upstream landholders can affect
the quantity and quality of water by their land management decisions, but since they are not
immediately impacted, they oftenly lack motivation to take these effects into consideration. Also,
water users may lack motivation to pay for enhanced water services if non-payers cannot be
excluded from enjoying the benefits (Pagiola et al., 2002).

Among other reasons provided, 8.8% of respondents indicated that they had other bills to pay
for example electricity due to low household incomes and reasons as a result of attrition due to
passage of time. Therefore they were comfortable with the status quo and had no or little
contribution towards future efforts to conserve the catchment to improve water services. 5.9% of

the respondents indicated that small land sizes hindered them from paying for improved water
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services since the land available was agricultural production and had no space for conservation
activities such as tree planting. Some respondents (5.9%) believed that the amount to paid had to
be a common amount agreed by all to have equality and fairness in contributions. 5.9% of the
respondents cited that they had done enough conservation in their farms evidenced by terracing,
Napier grass strips, cover cropping, agroforestry among others. Other respondents (2.9%) had no
trust on to who will manage the funds while others believed money will be mismanaged. This
could be as aresult of mismanagement of public fundsin public offices therefore discouraging the
respondents in contributing as the money would be misappropriated other than for the intended
purposes of conservation. Also, 2.9% of the respondents argued that the payment would not result
in improved catchment management.

Strict river water regulation had discouraged 2.9% of the respondents from paying because
they were not supposed to use the river water especially for irrigation without permits from Water
Resources Authority which according to them had hefty annua renewal charges. Land disputes
among family members was also mentioned by 2.9% of the respondents therefore they could not
commit at the time of the household interviews until the issues would be resolved. These results
coincides with those of Calderon et al. (2006), whereby among the respondents not willing to pay,
9% claimed they they were unable to pay extra charges, another 9% believed that the government
should be responsible for watershed management, while 4% indicated that the existing water tariff
was already too high.

4.6.3 Factorsinfluencing willingnessto pay for improved waters servicesin Kapingazi

catchment

As procedure to run logistic regression for checking willingness to pay for improved water

services in Kapingazi catchment, the study checked for assumptions satisfied by the model.

4.6.3.1 Assumptions of logistic regression satisfied by the model for willingnessto pay for

improved water servicesin Kapingazi catchment

The diagnostic tests for the logistic regression for willingness to pay for improved water

services in Kapingazi catchment were tested as shown below.
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The dependent/response variables were dichotomous with the response of Yes or No as

shown in the dependent variable encoding Table 4.33.

Table4.33
Dependent variable encoding for willingness to pay for improved water services
Original Value Internal Value
No 0
Yes 1

The dataset comprised independent observations, with no repeated measures from the same
individual or interrelated entries. The assumption was verified by the Durbin-Watson test
of linear regression between the dependent and independent variables, resulting in avalue
of 2.426, which fals within the permissible range of 1.5 to 2.5, showing the absence of
autocorrelation as shown in the Table 4.34.

Table4.34
Mode! summary® for willingness to pay
Adjusted R Std. Error of the
Modd R RSquare Square Estimate Durbin-Watson
1 0452%2 0.205 0.099 0.44750 2.426
a. Predictors. (Constant), Watsourcelrecoded, Activitylrecoded,
Fdalrecoded, Household Income, Tnrlrecoded, Genlrecoded, Household
Size, Land Size Owned (Ha), Educlrecoded, Age (Y ears)
b. Dependent Variable: Willing To Pay

Multicollinearity was not detected among the independent variables. The VIF test showed
that none of the explanatory variables were highly correlated, ensuring that each
contributed uniqueinformation to the regression model. There was no relationship between
a predictor and the other variables as indicated by a VIF score of 1 in the model. When a
predictor variable's value is between 1 and 2, it means that there is no correlation with any

other predictor variables in the model as shown in Table 4.35.
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Table4.35

Coefficients? for willingness to pay

Collinearity Statistics

Model 1 Tolerance VIF
Age (Years) 416 2.401
Household Income .833 1.200
Land Size Owned (HA) 715 1.398
Household Size 448 2232
FDA1Recoded 918 1.090
TenurelRecoded 815 1.227
Gender1Recoded .809 1.236
ActivitylRecoded 749 1.335
Education1Recoded 728 1.374
Water SourcelRecoded .820 1.219

a. Dependent Variable: Willing To Pay

The independent variables showed a linear relationship with the logit of the dependent
variable. This assumption was evauated using the Hosmer-Lemeshow test, which yielded
an insignificant result (p = 0.272, p > 0.05) as shown in Table 4.36.

Table 4.36

Hosmer and Lemeshow test for willingness to pay

Step Chi-square df Sig.

1 9.908 8 0.272

The sample size was sufficiently large, tested through the Hosmer and Lemeshow test
(Table 4.35) for goodness of fit to the data which was insignificant with p = 0.272

There were no influential outliers in the dataset. This was checked through the Cook’s
distance test as shown below. The highest value did not exceed 1 in the Cook’s distance
therefore there were no extreme outliers as shown in Figure 4.33.
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Figure 4.33: Cook's distance for willingness to pay

4.6.3.2 Logistic regression for willingnessto pay for improved water servicesin Kapingazi
catchment

As shown in Table 4.41, the factors influencing the Kapingazi catchment's respondents
willingness to pay (WTP) for enhanced water services were determined using logistic regression
analysis. The results demonstrated that age, education, and household size were the most
influential factors at the 95% confidence level. This section outlines the model’s overall
performance using the Omnibus Tests of Model Coefficients, along with the regression
coefficients and odds ratios summarized in the Variables in the Equation table. The diagnostic test
results revealed a statistically significant chi-square statistic at the 5% level, X2(10, n=86) =
18.711, p < 0.044, confirming that the independent variables collectively influence willingness to

pay.

Table4.37

Omnibus tests of model coefficients

Step 1 Chi-square df Sig.
Step 18.711 10 044
Block 18.711 10 044
Model 18.711 10 .044
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The Omnibus test of model coefficients indicated that the model as a whole was statistically
significant, X%(10, n=86) = 18.711, p = 0.044 as shown in Table 4.37.

Table 4.38

Model summary

Step -2 Log likelihood Cox & Snell R Square Nagelkerke R Square
1 89.8222 .196 273

a. Estimation terminated at iteration number 5 because parameter estimates changed by
less than .001.

The model summary table (Table 4.38) summarizes the Cox & Snell R? and Nagelkerke R2
statistics, which measure the proportion of explained variation and are frequently known as pseudo
R2values. Thesevauesare generally lower than thosein multiple regression but can be interpreted
in asimilar way, with added caution. According to our model, the dependent variable's (changes
in water quality) explained 19.6% of the variance using Cox & Snell R? and 27.3% using
Nagelkerke R?.

Table4.39
Hosmer and Lemeshow test
Step Chi-square df Sig.
1 9.908 8 0.272

The Hosmer-Lemeshow test (Table 4.39) evaluated whether the model’s predictions aligned
with the observed group classifications. By comparing the observed and expected frequencies
under the linear model, a chi-square statistic was calculated. A non-significant result (0.272)
indicates a good fit between the model and the data.
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Table4.40
Classification table

Observed WTP Predicted WTP Per centage Correct
(Recoded) (Recoded)

No Yes
Step 1
No 10 18 35.7
Yes 7 51 87.9
Overall Percentage 70.9

. Thecut valueis .500

Table 4.40 presents the classification results from logistic regression, which estimated the
likelihood of an event (willingnessto pay for improved water services) occurring. If the probability
was greater than or equal to 0.5, SPSS Statistics classified the event as occurring; otherwise, it was
classified as not occurring. Evaluation of the model's classification performance was made
possible by the binomial |ogistic regression, which assessed whether caseswere correctly predicted
from the independent variables.

The model correctly classified 70.9% of cases overall (see the “Overall Percentage” row),
representing the overall classification accuracy, with the inclusion of the independent variables.
The responses of individuals willing to pay for enhanced water services was correctly predicted
87.9% of the time (see the “Percentage Correct” column under “Yes”), reflecting the model’s
sensitivity. The responses of individuals who were not willing to pay for enhanced water services
was correctly predicted 35.7% of the time (see the “Percentage Correct” column under “No”),
representing the specificity. The positive predictive value the proportion of correctly predicted
cases with the characteristic relative to all cases predicted as having it was calculated as 100 x (51
+ (18 + 51)) = 73.9%, meaning 73.9% of cases predicted to cause changes were correct. The
negative predictive value the proportion of correctly predicted cases without the characteristic
relative to all cases predicted as not having it was 100 x (10 + (10 + 7)) = 58.8%, indicating that
58.8% of cases predicted not to cause changes were correct.
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Table4.41
Variablesin the equation

95% C.|.for
EXP(B)

Step 1 B SE. Wald df Sig. Exp(B) Lower Upper
Age -073 026 7.963 1 005 929 883 978
Income 000 .000 .06l 1 805  1.000 1.000 1.000
Land size 053 167  .099 1 752 1054 760 1.461
FDA(1) -634 549 1334 1 248 531 181 1556
Land tenure(1) -226 644 123 1 726 798 226 2.820
Gender(1) 112 59  .036 1 851 1119 .348 359
Main activity(1) -672 752 798 1 372 511 117 2231
Education level (1) 1481 662 5.003 1 025 439 1201 16.089
Water source(1) -1.187 1577 .567 1 451 .305 .014 6.704
Household size 297 151  3.836 1 050 1345 1.000 1.810
Constant 4002 1949 4215 1 040  54.601

a Variable(s) entered on step 1: Age, Income, Land size, Focal Development Area (FDA),

Land tenure, Gender, Main activity, Education level, Water source and Household size.
Willingness to Pay = 4.002 - 0.073(Age) + 1.481 (Education level) + 0.297 (Household size)

The Wald test, which is shown in the "Wald" column, was applied to evaluate the statistical
significance of each independent variable in the variables in the equation table (Table 4.41). The
“Sig” column reports the corresponding significance values. The results indicate that age (p =
0.005), education (p=0.025) and household size (p=0.05) contributed significantly to the model,
whereasincome (p = 0.805), land size (p = 0.752), FDA (p=0.248), land tenure (p = 0.726), Gender
(p = 0.851), economic activity (p = 0.372) and water source (p = 0.452) did not show significant
contributions.

The probability of an event occurring given aone-unit changein anindependent variable, while
holding all other variables constant, was estimated using the "Variables in the Equation” table.
Resultsindicate that the odds of age, education and household size influencing willingness to pay

for improved water services (“yes” category) were 0.929, 4.396 and 1.354 times higher than those
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of income, land size, focal development area (FDA), land tenure, gender, economic activity and
water source within the Kapingazi catchment.

To determine the factors influencing the willingness to pay for enhanced water services such
as age, income, land size, focal development area, land tenure, gender, activity, education, water
source and household size in the Kapingazi catchment, alogistic regression was performed. The
analysis was statistically significant, X2(7, n = 86) = 18.711, p < 0.044, accounting for 27.3% of
the variance (Nagelkerke R?). The model correctly predicted 70.9% of willingness to pay for
improved water services estimated at 4.002 - 0.073(Age) + 1.481 (Education level) + 0.297
(Household size).

The pseudo R-squared for the logistic regression model was 0.273, indicating that 27.3% of
the variation in WTP is explained by the explanatory variables. This is considered sufficiently
high, given that low R-sguared values are commonly expected in cross-sectional contingent
valuation (CV) studies (Hundie & Abdisa, 2016). According to Mitchell and Carson (1989), CV
studies yielding an R-squared below 0.15, when based on only afew key variables, raise concerns
about reliability. By this standard, the present model is reliable. Furthermore, the Likelihood Ratio
Chi-Square test (p = 0.044) and the count R-squared confirm that the model provides a good and
reliablefit to the data

Age, education and household size were 0.929, 4.396 and 1.345 times respectively morelikely
to to influence willingness to pay for improved water services in Kapingazi catchment in Embu
County, Kenya. A higher likelihood of influencing respondents’ willingness to pay for improved
water servicesin the Kapingazi watershed, Embu County, K enya, was associated with respondents
younger ages, household sizes, and levels of education.

Depending on variations in explanatory variables, the signs indicate the direction of changein
the probability of willingness to pay for improved water services. A positive sign denotes an
increase in willingness, whereas a negative sign indicates otherwise. The analysis revealed that
respondents’ age, education, and household size were significant determinants of willingness to
pay, while factors such aslocation (Focal Devel opment Areas), gender, land tenure, main activity,
watersource, income, land size, and occupation were not statistically significant. The positive
coefficients for education and household size increased the likelihood of households being willing

to pay for improved water services.
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4.6.3.1 Age

The coefficient of respondents’ age was negatively associated with willingness to pay for
enhanced water services and was statistically significant at the 5% level. Thisindicates that as age
increases, the probability of willingness to pay decreases. Each additional year of age reduced the
odds of willingness to pay by a factor of 0.929, meaning older respondents were less likely to
contribute than younger ones. This could be attributed to older individuals having adapted to the
current water service system and facing income limitations, which reduce their preference for
improved services. However, younger respondents, who generally have higher disposable
incomes, expressed greater willingness to pay. These findings are consistent with Gidey and
Zeleke (2015), who observed that older individuals hesitate to invest in projects with long-term
returns, while Fujita et al. (2005), reported that younger people are more willing to pay for

enhanced water services due to higher income levels.

4.6.3.2 Education level

Respondents’ education level is positively signed therefore has a significant positive influence
on the willingness to pay WTP, which means that respondents with higher education had higher
probability of willingness to pay for enhanced water services meaning as the level of education
increased by onelevel, the likelihood of willingnessto pay by respondentsin Kapingazi catchment
increased by 4.4 times. The odds ratio is 4.396 for an additional higher level in education.
Therefore, by increasing education by onelevel the odds of willingnessto pay increases by afactor
of 4.396. These results may be due to fact that most of the respondents with higher education i.e.
high school education and college/tertiary education had more understanding of conservation of
the catchment due to implications of water shortage and low water quality than those with lower
educationi.e. primary level of education or no education in the study area. Asaresult, they showed
higher willingness to pay for enhanced watershed services to secure a reliable water supply for
their agricultural activities.

These results correspond to the study conducted by Mezgebo and Ewnetu (2015), who found
out that residents with higher levels of education were more likely to pay than those with less
education. Amponin et al. (2007) also observed that educated people had a better understanding
of the future risks of reduced water quantity on crop production and thus better appreciated the
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significance of payment for watershed services. Rahman et al. (2017) revealed that respondents
with education up to the secondary level demonstrated a higher willingness to pay for improved
water supply compared to respondents with lower level of education. Bogale and Urgessa (2012)
also established that education significantly influenced willingness to pay (WTP) for enhanced

water servicesin Eastern Ethiopia.

4.6.3.3 Household size

Household size is positively signed, indicating that larger households have higher probability
of willingness to pay (WTP) for improved water services than smaller households. Asthe number
of household membersincreases, the probability of willingnessto pay in the Kapingazi catchment
increased by afactor of 1.345. This result can be explained by the higher water demand in bigger
households for domestic use and food production. Similar findings were reported by Hundie and
Abdisa (2016) in Jigjiga town, Ethiopia. However, Moffat et al. (2013) observed the opposite,
noting that larger families often face budgetary constraints that reduce their WTP.

Contrary to many previous studies, this research did not establish a significant relationship
between household income and willingness to pay (WTP) for enhanced water services among
respondentsin the Kapingazi catchment. This outcome can be attributed to the correlation between
household income and the explanatory variable, education, in the model (Akter, 2013). It further
implies that respondents value the natural environment highly, regardless of their income levels
(Swai, 2016). This finding challenges the economic theory that household commodity’s demand
is mainly dependent on income and aligns with Zebilo’s (2006) study in Simbu Province, Papua

New Guinea, which also reported no significant statistical effect of income in Kegsugl.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS
5.1 Introduction
The summary, conclusions and recommendations of the study are highlighted in this chapter.
5.2 Summary of findings

This study established that Kapingazi catchment provides avariety of ecosystem services such
asfood production, soil erosion control, livestock production, fuel and timber provision, landscape
scenery, carbon sequestration, climate regulation whereby the main ecosystem service is water.
Being an agricultural landscape there was knowledge of provisional services more than regulatory,
supporting and cultural ecosystem services.

The main catchment users in Kapingazi catchment were rura farmers, irrigators, coffee and
tea factories, government institutions, HEP producers among others. Lack of coordination among
the various catchment user in catchment management, shows there is need to involve al the
catchment usersin decisions regarding catchment management in Kapingazi catchment.

It was also established that freshwater related ecosystem services, including water quality and
supply were affected by perceived catchment user activities that do not incorporate the need for
provision of these services by catchment usersin Kapingazi catchment. Activities by farmers, for
example cultivation within riparian zones, chemical pest and disease management, river washing,
deforestation, and the lack of soil and water management practices, stone mining and poor waste
management affected the water quality of River Kapingazi. Whereas farmers activities, tea
factories through deforestation and coffee factories through water abstraction affected the water
quantity of River Kapingazi.

The results indicate that the respondents of Kapingazi catchment were willing to pay for
enhanced water servicesin both water quality and supply. Age, education and household size were
the factors that influenced the willingness to pay in Kapingazi catchment which should be
considered when designing a conservation project in Kapingazi catchment. A holistic and
integrated approach in conservation and management of Kapingazi catchment is required. The
demonstrated willingness to pay for enhanced water ecosystem servicesindicates thereis potential
for implementing a payment for ecosystem services (PES) scheme to support the restoration of
Kapingazi catchment through sustainable land management. Thereis a so capacity to shape public

policy regarding payment for ecosystem services schemes in Kenya, which can promote the
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conservation of water catchments. Therefore, based on results of this study, conclusions can be

drawn concerning the specific objectives of the research.

5.3 Conclusions

The Kapingazi catchment providesawide array of ecosystem services such asfood production,
soil erosion control, and carbon sequestration, but water services stand out as the primary
ecosystem service. This highlights the need of managing both water quality and quantity to
support ecological health and human welfare within the catchment. Although the catchment
provides a range of ecosystem services, local awareness is mainly focused on provisioning
services, with less knowledge of regulatory, supporting, and cultural services. This suggests a
need for educational initiatives to increase awareness of the broader ecological functions that
support long-term sustainability.

Fragmented management and lack of coordination among diverse catchment users such asrural
farmers, irrigators, factories, Kapingazi WRUA, KenGen, Irangi CFA, research and
government institutions impedes effective catchment management. Involving all stakeholders
in catchment management decisionsis crucial for aholistic approach to maintaining ecosystem
services and promoting sustainable practices.

Perceived negative effects of agricultural and industrial activities on water resources are
apparent: Unsustainable agricultural practices by farmers, such as riparian cultivation, use of
chemicals, deforestation, quarrying, inadequate soil and water conservation practices and poor
waste management, degrade water quality and water quantity. Industrial activities, including
water abstraction by coffee fatories and deforestation by tea factories reduced water quantity.
Catchment management is essentia to mitigate these specific threats in order to sustain the
provision of water ecosystem services.

The observed willingness to pay for enhanced water quality and supply reflects significant
support for a Payment for Ecosystem Services (PES) program. Demographic factors
influencing willingness to pay, including age, education, and household size, should be taken
into account when designing and operationalizing a locally tailored PES model. The study
reveals an opportunity to leverage PES as a policy tool in Kenya, potentially guiding public
policy to incorporate ecosystem service vauation in water catchment conservation.
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Implementing such schemes can promote sustainable land management practices, improve

water services, and inspire similar conservation efforts across Kenya.

5.4 Recommendations

Community workshops and outreach programmes should be conducted emphasizing the
significance of supporting, regulating and cultural ecosystem services, in addition to
provisioning services to increase awareness on ecosystem services. Farmers and other
stakeholders should be educated on sustainable practices that protect soil, water, and
biodiversity, ensuring a holistic understanding of how these services support long-term
agricultural and ecological health.

A multi-stakeholder platform that includes farmers, industry representatives, government
institutions, and other catchment users to coordinate on catchment management initiatives
should be established. A catchment management committee to facilitate regular
communication, share best practices, and collaboratively develop sustainable land and water
management strategies should be developed. Policies promoting inclusive participation in
catchment management decision-making should be supported to ensure equitable
representation of all stakeholder groups.

Through environmental education, farmers in the Kapingazi catchment can improve water
quality and availability by implementing soil and water conservation strategies such as
terracing agroforestry, grass strips, integrated pest management, riparian buffer zones, and
proper waste management. Reforestation programmes targeting farmers will improve the tree
cover in Kapingazi catchment. There should be engagement with coffee factories to manage
water use through more efficient technologies, such as water recycling systems and rainwater
harvesting. Water abstraction permits by coffee factories should be reviewed in order to
regulate the amount of water abstracted for coffee factories thus, will reduce over abstraction
of water and improve the amount of water reaching downstream users.

Alternative sources of energy for tea processing should be considered by teafactoriesin order
to reducereliance of fuel wood for processing such as solar energy, micro-hydroel ectric power,
biomass briquettes to supply the energy required for tea processing, This will reduce

deforestation and improve water quality and flows in Kapingazi catchment.
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Incentives such as subsidies or tax breaks should be provided for industries and farmers that
adopt sustainabl e practicesto reduce their environmental impact on water quality and quantity.
During projects design related to the PES participation and payment schemes for improved
water services, there should be consideration of the household demographic characteristics
such as age, education level and household size to increase accessibility and fairness.
Partnerships with governmental and non-governmental organizations should be sought to
secure funding and technical support for the PES programme.

Engagement between policymakers and stakeholders on the benefits of a PES model for
sustainable catchment management should be encouraged to garner support for its

implementation at alarger scale.

5.5 Suggestions for further studies

Water quality and water quantity of River Kapingazi was not measured in Kapingazi
catchment. Additional research should be undertaken to evaluate the physical parameters
including temperature, flow, sediment characteristics, and the potential for riverbank erosion
are essential. Measurement of chemical condition of water, sediments, and fish tissue, with
particular attention to key constituents such as dissolved oxygen, nutrients, heavy metals, oils,
and pesticides should be conducted. Biological assessments should be carried out to examine
the abundance and diversity of aquatic flora and fauna, as well as the survival rates of test
organisms in the sampled water. This should be conducted to characterize and determine the
condition of River Kapingazi due to the perceived effects of catchment user activities in
Kapingazi catchment.

According to the results of this study, WTP data can inform the designing of environmental
policies. For instance, when establishing conservation programs like payment for ecosystem
services projects, the WTPinformation will ensure that the costs of compliance or participation
are justified by the perceived benefits. Also, having robust WTP estimates can bolster the case
for the project's value and impact. It provides evidence of public support and potential return
on investment. WTP datais useful for long-term planning and setting goals for environmental
sustainability. The preferences and values of the public are considered by the decision-makers
when shaping policiesthat affect the environment. Therefore, a payment for ecosystem service

project should be conducted in Kapingazi catchment.
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APPENDICES

Appendix 1: Summary of negative human activitiesimpacting on water service provision in

Kapingazi catchment

Source Activities Responses
N Per cent
Farmers Cultivating at the riparian area 53 12.2%
Eucayptus trees at the riparian area 10 2.3%
Chemical control of pests and weeds 17 3.9%
Water abstraction 12 2.8%
Washing clothesin the river 16 3.7%
Deforestation 19 4.4%
Quarrying/Mining 8 1.8%
Lack of soil and water conservation 12 2.8%
measures
Poor waste disposal 6 1.4%
Urban households Poor waste disposal 9 2.1%
Blocked drainage leading to flooding 1 0.2%
Run off 2 0.5%
Washing clothesin the river 1 0.2%
Sewage spills 3 0.7%
Coffee factory Water abstraction 54 12.5%
Effluent from the factory 26 6.0%
Poor waste management 1 0.2%
Teafactories Air pollution 8 1.8%
Effluent from the factory 4 0.9%
Deforestation at farm level 34 7.9%
Transport sector Smoke from exhaust pipes (air pollution) 7 1.6%
Car washing in theriver 28 6.0%
Education institutions Effluent 2 0.5%
Poor waste management 3 0.7%
Irrigators Water abstraction 31 7.2%
Chemical control of pests, diseases and 7 1.6%
weeds
Soil erosion 7 1.6%
Water wastage 1 0.2%
Urban/Shopping centres Poor waste disposal 37 8.5%
Run off 12 2.8%
Sewage spills 2 0.5%
Air pollution from burning of waste 2 0.5%
Tota 433 100%
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Appendix 2 - Field observation list along River Kapingazi catchment.

1.
2.

3.

ol

Observe and take note mgjor land use systems.

Identifying and mapping critical natural resources e.g. from Mt. Kenyaforest at the source
to the confluence. E.g. bogs, forest, Kapingazi river, streams.

Observation of major activities with potential impact on ecosystem servicesin the riparian
areas in the catchment.

Observe and note socio economic development in Kapingazi catchment e. g towns,
factorieset c

Identifying hotspots in the catchment for example quarries, dumpsites e.t.c along theriver.
Observe surface water pollutants sources e g run off, effluent from coffee factoriese.t ¢
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Appendix 3 - Questionnaire for households with tap water

Household questionnaire on the assessment of willingness to pay for ecosystem services in
conserving Kapingazi River catchment in Embu County, Kenya.

Burnice Karimi Ireri is a Masters student from Egerton University, Njoro conducting a study on
the assessment of willingness to pay for ecosystem servicesin conserving Kapingazi catchment in
Embu county, Kenya. She appreciates your VOLUNTARY participation in this survey and the
information you disclose will be completely CONFIDENTIAL. Y our opinion will be combined
with those of othersto give ageneral view and your privacy will be protected to the maximum.

Enumerator Altitude
Respondent’s name Latitude
FDA Longitude
Village Date

Start time End time

Questionnairefor households with tap water
Respondent’s demographics and occupation
1. What isthetenure of the household head over the farmland? Tenure[ ]

1=Owned with title deed 2= Owned without title deed 3=Rented 4=Borrowed
5=Workers on the farm
ENU = Stop the interview if the answer isnot 1 or 2

2. Wewould like to ask you some persona guestions. What is?

ENU: Proceed with the interview if the respondent is a household head, the spouse or a son
/daughter who isin charge of the farm.

Relationship | Sex Age Main Education | Household size

tohousehold | 1=Male | (Yrs) | Activity** | Level*** | Adult Adult Children

head* 2 = Male Female | (<=18)
Female (>=18) (>=18)

relathead sex age activity Edu nrhhmale | nrhhfem | nrchildhh

*1 = Household head 2= Spouse 3 = Son/Daughter 4= Others( Please

specify)
** 1=Farmer 2=0Off-farm 3=Self-employed 4=Public sector employee = 5=Private
sector  employee 6=Disabled/unable to work 100=0thers (Please
specify)
***1=zero education 2=Primary education = 3=Secondary education 4= Vocational
training 4=Tertiary education 100=0thers (Please specify)

3. What is your household total yearly gross income income in Kenya shillings?
Totalincome[ |

4. Roofing type. 1= Grass 2= lIron sheet 3= Bricks 100=0Others (Please
specify)
5. Typeof wall. 1=Stone 2=Mud 3=Bricks 4=ironsheets 5= Timber 100= Other (Please
specify)

143



6. What is the main source of water for the household?
1= River 2= Tap water 3= Community wells 4= Borehole 5= Rain water 6= spring
water 7= Neighbours 100= Others
7. Do you have electricity in your house? [ | 1=Yes 2=No
8. Can you make decisions on what and when to plant on the farm?
1=Yes 2=1dodecisionstogether with my spouse 3= No
Land Use and Crops
9. What is the household’s total land owned (in acres)? Totland[ |
10. What are the main crops planted on your farmland?
ENU: List crops starting with the one being planted on the greatest area followed by then second
greatest area etc.

Crop Crop type Cropping season 1=Coffee 2=Tea 3=Maize
ENU: Use Codes | 1=Cash crop 1=Longrain 4=Beans  5=Arrow roots
2=Food crop 2=Short rain 6=Leaves vegetables

3=Per manent 7=Sorghum 8=Sweset

potatoes 9=lrish potatoes
10=Tomatoes 11=Cabbages
12=Cassava 13=Fruits
(bananas, mangoes, passion
fruits, avocadoes  etc)
15=Sugarcane 100=Others

(Specify)

11. Do you haveriparian areaon your farmland? 1=Yes 2=No Riparian] |

12. If Yes, What have you planted on the riparian area. Plantrip[ |
1=Food crops 2=cash crops 3=Fodder 4=Woodlot 5=Bush 6=No vegetation 7=Others
(Specify)

13. Do you irrigate your crops or trees using water from the river? Irrigation] ]
1=Yes 2=No

14. How much of your crop production isirrigated in adry season(in %)?

Percirrigl ]

15. Do you have livestock? Livestock] ]
1=Yes 2=No
16. If yes, would you tell us your herd of livestock at present?
Type of livestock Animal code | Number owned(Present at your farm)
Oxen/bull ani0l
Cowg/heifer ani02
Caves ani03
Donkeys anio4
Sheep ani05
Goats ani06
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Chicken anio7
Pigs ani08
Rabbits ani09
Ducks anil10
Others (Please specify) ani100

17. Which year did you start farming? Farmstat| |
A. Characterization of the status of Ecosystem servicesin Kapingazi Catchment.

A water catchment is azone which collects and filters natural water (rain, dew and snow) in which

all water drains to a common outlet e.g. a river. These catchments provide ecosystem services

which are benefits that human beings derive from the ecosystems e.g. Kapingazi river catchment.

18.

Have you heard of awater catchment? (Explain what a catchment is)
1=Yes2=No

19. Which ecosystem services are provided in Kapingazi river catchment? (Explain what

20.

21.

ecosystem services are)
1= Fresh water supply 2= Fruit and crop production 3= Livestock production 4= HEP
Production 5 = FHood prevention 6 = Soil protection and control of soil erosion 7=
Recreation 8= Tourism 9= Nutrient cycling 10 = Landscape beauty 11 = Regulation
of climate 12= Carbon sequestration 100=Others (Please specify)

Which of the above services do you produce? (ENU: Indicate all) NB

1= Fresh water supply 2= Fruit and crop production 3= Livestock production 4= HEP
Production 5 = Flood prevention 6 = Soil protection and control of soil erosion 7=
Recreation 8= Tourism 9= Nutrient cycling 10 = Landscape beauty 11 = Regulation
of climate 12 = Cabon sequestration 100 = Other (Please

specify)

Rank the following ecosystem services in the order of importance to you.

Ecosystem Very More Slightly L east

service important | important | Important | Important | important
(5) (4) 3) (@) 1)

Provision

services

Water provision
Food Production
Fuel wood
provision

Timber provision
Fiber

Genetic
Resources
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Regulating
services

Carbon
sequestration
Soil erosion
control
Regulation of
climate

Disease
regulation
Pollination
Water regulation
Cultural
services
Education
Aesthetic value
Sense of place
Supporting
services

Air purification
Nutrient cycling
Soil formation
Primary
production

22. Which ecosystem services are highly threatened but highly demanded in Kapingazi
catchment according to you? (Start with the ecosystem service that is threatened the
highest, to the least threatened ES).

23. What do you think is threatening the provision of ecosystem services in Kapingazi
catchment?

B. Identification of Catchment Users
24. Who are the catchment users in Kapingazi catchment? (List all catchment users in
Kapingazi catchment. (Indicate all)
1= Rural farmers 2= Urban householders 3= Coffee factories
4= Teafactories 5= Educational Establishments 6= Worship establishments
7= lrrigators 8= shopping centres 9= Government entities e.g. KSG, KALRO
10= Urban Centres 11= Water service providers 12= HEP producers
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100= Others (Please specify)
25. Are you aware of catchment management?
1=Yes2=No
26. In your opinion, isit important to manage and conserve Kapingazi river catchment?
1=Yes2=No
27. If yes, Why isit important to manage and conserve Kapingazi catchment? (Indicate all)
1= It minimizes floods
2= Improves water quality in the river
3= It provides sustainable water supply
4= It improves soil fertility
5= It helpsin controlling soil erosion
6= Disease regulation.
100= Others (Please specify)

28. How are catchment users organized in managing Kapingazi catchment? (Indicate al)

1= Water associations and committees (WRUA, FDAC)

2= Farmers’ produce cooperatives.

3= Municipal councils

4= Conservation youth groups

5= Women groups

6= Forest Associations

7= Water services authorities/Conservation authorities/ government authorities

8=Water services providers

9=Advisory boards

10=I have not heard of any organized association to manage the catchment.

100= Others (Please specify)
29. What are the functions of the catchment users in management of Kapingazi catchment?

(indicate all)

1= Maintain water supply in Kapingazi catchment

2= Distribute water

3= Collect water charges

4= Monitoring water use

5= Making rules on water use

6= Providing forums for resolving disputes on water use

7= Maintain communication among catchment users

8= Conservation activities

9= Marketing of farmers’ produce

10= Economic empowerment

100= Others (Please specify)
30. What are the catchment management challenges that the catchment users in Kapingazi

catchment face? (Indicate al).

1= Poor management and coordination

2=Lack of funding

3=Poor leadership

4= Lack of transparency and accountability

5= Lack of participation and ownership
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6= Low literacy levels

7= Lack of commitment on catchment protection by the catchment users
8= Breaking of regulations/rules by catchment users.

9= Lack of awareness.

10=Lack of enforcement.

11= There are no challenges faced in managing the catchment.

12=1 do not know

100= Others (Please
specify)

31. Do you belong to any conservation or social group/organization?
1=Yes 2= No

32. If Yes, Provide the name of the group or organization.

33. Which conservation activities do you partake?
1= Tree planting 2 = Soil and water conservation 3 = Tree nursery management 4 = Waste
management 100 =Others (please specify)

34. How has been your relationship between the members and |eadership?
1=Verygood 2=Good 3=Notverygood 4= Notgood at al
Why?

35. How has been your relationships between the members and conservation/government
agencies? 1 =Verygood 2=Good 3= Notverygood 4= Notgood at all
Why?

36. How has been your experience with the conservation group or organization?
1=Verygood 2=Good 3=Notverygood 4= Notgood at al
Why?

37.If No in questionl14, why?

38. Which conservation organizations and government agencies do you collaborate with in
managing Kapingazi catchment?

C. Human activities impacting on water service provision and utilization in Kapingazi
catchment

39. What activities by the catchment users are impacting on provision of water services in
Kapingazi Catchment?
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Catchment User

Water provision

Utilization impacts

Farmers 1. 1
2. 2.
3. 3.
4, 4.
5. 5.
Urban households 1. 1
2. 2.
3. 3.
4. 4.
5. 5.
Coffee factories 1. 1
(Provide name) 2. 2.
3. 3.
_ 4, 4,
5. 5.
Tea factories 1. 1.
(Provide 2. 2.
Name) 3. 3.
B 4. 4.
5. 5.
Transport 1 1
industry 2. 2.
3. 3.
4, 4,
5. 5.
Educational 1. 1
establishment 2. 2.
(Provide 3. 3.
name) 4, 4,
_ 5. 5.
Irrigators 1. 1
(Provide 2. 2.
name) 3. 3.
4, 4,
5. 5.
Urban 1. 1
centres/Shopping 2. 2.
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40.

41.

42.

43.

45,

46.

centres (Provide 3. 3.
name) 4, 4,
HEP producers 1. 1
2. 2
3. 3
4. 4

What has been the general trend of water quality of Kapingazi river over thelast 10 years?
1= Decreased 2= Increased 3= Remained the same

If it has decreased, Why? (Indicate all)

1= Very steep slopes 2= Intensive cultivation 3= Lack of soil and management practices
4= Pollution 5= Deforestation 6= Quarrying 7= Construction activities 8= Overgrazing
o= Car wash 10= Run off 100= Others ( Please
specify)
What has been the general trend of water quantity in Kapingazi river?
1= Decreased 2= Increased 3= Remained the same 4= | don’t know

If It has decreased, Why?

1= Water Abstraction by upstream users (both legal and illegal)

2= Poor water management mechanisms.

3= Increased number of water users (including water tankers)

4= Deforestation

5= Drought

100= Others (Please specify)

. Do you practice the following? (Indicate all)

1= Agroforestry 2= Ecotourism 3= Forestry 4= Sustainable agriculture 100= Other
(Please specify)
Are the following present in your farm?

Woodlot 1=Yes2=No

Indigenous  trees 1= Yes 2= No. if Yes, which ones?

Fruit trees 1= Yes 2= No. If yes, which ones?

Exotic trees 1=Y es 2= No. If yes, which ones?

Do you practice any of the following soil and water conservation methods (ENU: Indicate
al)

1=Treeplanting 2= Napier grassstrips3=Terracing 4= Contour ploughing 5= Crop
rotation 6= Cover cropping 7= Mixed cropping 8= Roof water harvesting 9= Drought
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47.

49,

50.

resistant crop varieties 10= Stone strips 100 =  Others (Please
specify)
What are the land degradation threats in your farm? (Indicate al)

1= Overstocking and overgrazing 2= Over exploitation of forest 3= Cultivation on steep
slopes 4= Loss of soil productivity 5= Loss of biodiversity 6= Effect on hydrological
regime 7 = Run off due to heavy rains 8= Wildlife from the forest 100= Others (Please

specify)

. Do you experience soil erosion in your farm?

1=Yes 2=No

If Yes, wherein your farm do you experience most soil erosion?

1= Unused/Bare area 2= Riparian area 3= Cropping area 4= Homestead 5=
Road/paths 6= Steep/dopy areas 100 = Others (Please
specify)
Wheat is your main source of energy for cooking?

1=Firewood 2=Kerosene 3=Gas 4=Charcoa 5=Cropresidue 6= Anima dung
7= Electricity 100= Others (Please specify)

51. Where do you get the above fuel used? (ENU: Indicate all)
1=Ownfarm 2=Owntrees 3=Forest 4= Purchased from market/shop 5= Purchased
from villagers

52. In your assessment, what has been the general trend of firewood in your village in the last
10 years?

53.

1= Decreased 2= Increased 3= Remained the same 4 = Don’t know
If the availability of firewood decreased, how do you cope with it?

54. Pleaseindicate the extent of your agreement or disagreement with the following statements.

Statement

Strongly
agree

Agree

Undecided

Disagree

Strongly
disagree

Global warming is an
environmental
problem.

Temperatures  have
become more in the
recent years.

There is increasing
declinein river flows.

Thereisfrequent flood
incidences.

There is a relationship
between my individua
farming activities and

151




water quality in my
area.

Water qudity is a
major problem

Farming activities at
theriparian bank affect

water quality.

More trees lead to
increased water
quantity.

There is  enough
firewood for the next

generation.
| fed obliged to
conserve the
environment.

The quality of water |
get is affected by the
activities of people
who are farming
upstream.

Water scarcity is a
major problem
affecting crop
production in this area.

More trees lead to
better water quality.

The riparian area is
more productive.

D. Willingnessto pay for ecosystem servicesin Kapingazi catchment

55. What is your source of water?
1= In house piped tap water
2= On compound/yard piped water

3= Borehole
4= Shallow well

5= Common piped water

6= River/Stream

100= Others (Please specify)
56. What is the name of your

water supply scheme/water service provider?

57. Isyour source of water supply adequate? 1=Yes 2= No

58. If no, how do you cope and fulfil your water supply demands?
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59. What do you think is causing water scarcity problem?

60. In your opinion, how do you rate the quality and quantity of water you consume in this

household
Very good | Good Somewhat | Poor Not sure
good
Water
Quality
Water
quantity

61. How would you rate water availability in your household?

1= Always available 2=Available 3= Some what available 4= Not available 5= Not sure
62. Are you making any payment for provision of water?

1=Yes2=No

63. If yes, how much do you pay per month?

64. Would you participate in conservation activities in Kapingazi catchment?

1=Yes2=No

65. If yes, Why?

66. If

1= Catchments are the primary source of raw water

2= Catchments provide other goods like timber, and animal and plant products

3= Catchments provide other services like hydroelectric power, biodiversity
conservation, recreation, and carbon sequestration

4= Catchments minimize floods during the rainy season

5= Catchments improve water quality

6= Provides more sustainable water supply for domestic use.

100= Others (Please

specify)

no, why?
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67. Have you heard about payment for ecosystem services? 1=Y es 2= No

Let us assume that there is an improved water supply scheme in Kapingazi catchment. In order to
be improve water supply in your household, you would be required to contribute towards a
conservation fund and participate in conservation activities in order to improve water provision
service in terms of quantity, quality and frequency as aresult of conservation measures within the
catchment.

68. Would you be willing to pay to have with the improved water service provision?

1=Yes2= No
69. If yes, what is the maximum amount you are willing to pay for improved water service
with water connection per annum? KES 200, 300, 400, 500, 600, 700, 800, 1000, 1500

70. If yes, Please indicate your reasons why you are willing to pay for improved water service
provision?
1= 1 want clean and more reliable water supply
2= | want the catchment to continue producing ecosystem services
3= Itismy duty as water user.
4= 1 would like the future generations to have reliable water supply
5= To benefit the local community.
6= Water availability is a problem in my household.
7= Security will be enhanced.
8= The money will be used to conserve the catchment.
9= Water delivery cost to my household is higher than if | was connected.
10= Reduced cost of health.
100= Others (please specify)

71. If no, Please indicate your reasons why you are not willing to pay for tap water connection
and improved water service provision?

1= Water should be provided free of charge

2= | am satisfied with the existing source

3= 1 do not have enough money

4= Money paid will be mismanaged.

5= 1 think water is a public good and the government should finance the catchment
management activities.

6= | do not care about the reliability of water supply.

7= 1 do not think the additiona payment will result to improved catchment
management.

8=1 do not think catchment management will lead to improved water supply

9= do not trust the institution will manage the fund for conservation of the catchment.
10= | have other billsto pay for example eectricity bill, hospital bill etc.

11= 1 am considering buying land elsewhere due to small land size here.

12=| cannot participate in the activities due to old age
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13= Small land size
14= Benefits will take along time before they are felt.
100= Others (Please specify)

Thank you
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Appendix 4 - Questionnaire for households without tap water

Household questionnaire on the assessment of willingness to pay for ecosystem servicesin
conserving Kapingazi River catchment in Embu County, Kenya.

Burnice Karimi Ireri is a Masters student from Egerton University, Njoro conducting a study on
the assessment of willingness to pay for ecosystem servicesin conserving Kapingazi catchment in
Embu county, Kenya. She appreciates your VOLUNTARY participation in this survey and the
information you disclose will be completely CONFIDENTIAL. Y our opinion will be combined
with those of othersto give ageneral view and your privacy will be protected to the maximum.

Enumerator Altitude
Respondent’s name Latitude
FDA Longitude
Village Date

Start time End time

Questionnaire for households without tap water
Respondent’s demographics and occupation
3. What isthe tenure of the household head over the farmland? Tenure[ ]

1=Owned with title deed 2= Owned without title deed 3=Rented  4=Borrowed
5=Workers on the farm
ENU = Stop the interview if the answer isnot 1 or 2

4. Wewould like to ask you some personal questions. What is?

ENU: Proceed with the interview if the respondent is a household head, the spouse or a son
/daughter who isin charge of the farm.

Relationship | Sex Age Main Education | Household size

tohousehold | 1=Male | (Yrs) | Activity** | Level*** | Adult Adult Children

head* 2 = Male Female | (<=18)
Female (>=18) (>=18)

relathead sex age activity Edu nrhhmale | nrhhfem | nrchildhh

*1 = Household head 2= Spouse 3 = Son/Daughter 4= Others( Please

specify)
** 1=Farmer 2=0Off-farm 3=Sef-employed 4=Public sector employee = 5=Private
sector employee 6=Disabled/unable to work 100=Others (Please
specify)
***1=zero education 2=Primary education = 3=Secondary education 4= Vocationa
training 4=Tertiary education 100=Others (Please specify)

3. What is your household total yearly gross income income in Kenya shillings?

Totalincome[ |

4. Roofing type. 1= Grass 2= lIron sheet 3= Bricks 100=Others (Please
specify)
5. Typeof wall. 1=Stone 2=Mud 3=Bricks 4=ironsheets 5= Timber 100= Other (Please
Specify)

6. What is the main source of water for the household?

156



1= River 2= Tap water 3= Community wells 4= Borehole 5= Rain water 6= spring

water 7= Neighbours 100= Others
7. Do you have electricity in your house? [ | 1=Yes 2=No
8. Can you make decisions on what and when to plant on the farm?

1=Yes 2=1dodecisionstogether with my spouse 3= No

Land Use and Crops

9. What is the household’s total land owned (in acres)?
10. What are the main crops planted on your farmland?
ENU: List crops starting with the one being planted on the greatest area followed by then second

greatest area etc.
Crop Crop type Cropping season
ENU: Use Codes | 1=Cash crop 1=Longrain
2=Food crop 2=Short rain
3=Per manent

Totland[ |

1=Coffee 2=Tea 3=Maize
4=Beans 5=Arrow roots
6=Leaves vegetables
7=Sorghum 8=Sweet
potatoes 9=Irish potatoes
10=Tomatoes 11=Cabbages
12=Cassava 13=Fruits
(bananas, mangoes, passion
fruits, avocadoes  etc)
15=Sugarcane 100=Others

(Specify)

11. Do you haveriparian areaon your farmland? 1=Yes 2=No Riparian] |
12. If Yes, What have you planted on the riparian area. Plantrip[ |
1=Food crops 2=cash crops 3=Fodder 4=Woodlot

(Specify)

13. Do you irrigate your crops or trees using water from the river?

1=Yes 2=No

5=Bush 6=Bare 7=Others

Irrigation] |

14. How much of your crop production isirrigated in adry season(in %)?

Percirrigl ]

15. Do you have livestock?

1=Yes 2=No

Livestock] ]

16. If yes, would you tell us your herd of livestock at present?

Type of livestock Animal code | Number owned(Present at your farm)
Oxen/bull ani0l
Cowg/heifer ani02
Caves ani03
Donkeys anio4
Sheep ani05
Goats ani06
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Chicken anio7
Pigs ani08
Rabbits ani09
Ducks anil10
Others (Please specify) ani100

17. Which year did you start farming? Farmstat| |
E. Characterization of the status of Ecosystem servicesin Kapingazi Catchment.

A water catchment is azone which collects and filters natural water (rain, dew and snow) in which

all water drains to a common outlet e.g. a river. These catchments provide ecosystem services

which are benefits that human beings derive from the ecosystems e.g. Kapingazi river catchment.

72.

Have you heard of awater catchment? (Explain what a catchment is)
1=Yes2=No

73. Which ecosystem services are provided in Kapingazi river catchment? (Explain what

74.

75.

ecosystem services are)
1= Fresh water supply 2= Fruit and crop production 3= Livestock production 4= HEP
Production 5 = Hood prevention 6 = Soil protection and control of soil erosion 7=
Recreation 8= Tourism 9= Nutrient cycling 10 = Landscape beauty 11 = Regulation
of climate 12= Carbon sequestration 100=Others (Please specify)

Which of the above services do you produce? (ENU: Indicate all) NB

1= Fresh water supply 2= Fruit and crop production 3= Livestock production 4= HEP
Production 5 = Flood prevention 6 = Soil protection and control of soil erosion 7=
Recreation 8= Tourism 9= Nutrient cycling 10 = Landscape beauty 11 = Regulation
of climate 12 = Cabon sequestration 100 = Other (Please

specify)

Rank the following ecosystem services in the order of importance to you.

Ecosystem Very More Slightly L east

service important | important | Important | Important | important
(5) (4) 3) (@) 1)

Provision

services

Water provision
Food Production
Fuel wood
provision

Timber provision
Fiber

Genetic
Resources
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Regulating
services

Carbon
sequestration
Soil erosion
control
Regulation of
climate

Disease
regulation
Pollination
Water regulation
Cultural
services
Education
Aesthetic value
Sense of place
Supporting
services

Air purification
Nutrient cycling
Soil formation
Primary
production

76. Which ecosystem services are highly threatened but highly demanded in Kapingazi
catchment according to you? (Start with the ecosystem service that is threatened the
highest, to the least threatened ES).

77. What do you think is threatening the provision of ecosystem services in Kapingazi
catchment?

F. Identification of Catchment Users
78. Who are the catchment users in Kapingazi catchment? (List all catchment users in
Kapingazi catchment. (Indicate all)
1= Rural farmers 2= Urban householders 3= Coffee factories
4= Teafactories 5= Educational Establishments 6= Worship establishments
7= lrrigators 8= shopping centres 9= Government entities e.g. KSG, KALRO
10= Urban Centres 11= Water service providers 12= HEP producers
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100= Others (Please specify)
79. Are you aware of catchment management?
1=Yes2=No
80. In your opinion, isit important to manage and conserve Kapingazi river catchment?
1=Yes2=No
81. If yes, Why isit important to manage and conserve Kapingazi catchment? (Indicate all)
1= It minimizes floods
2= Improves water quality in the river
3= It provides sustainable water supply
4= It improves soil fertility
5= It helpsin controlling soil erosion
6= Disease regulation.
100= Others (Please specify)

82. How are catchment users organized in managing Kapingazi catchment? (Indicate al)

1= Water associations and committees (WRUA, FDAC)

2= Farmers’ produce cooperatives.

3= Municipal councils

4= Conservation youth groups

5= Women groups

6= Forest Associations

7= Water services authorities/Conservation authorities/ government authorities

8=Water services providers

9=Advisory boards

10=I have not heard of any organized association to manage the catchment.

100= Others (Please specify)
83. What are the functions of the catchment users in management of Kapingazi catchment?

(indicate all)

1= Maintain water supply in Kapingazi catchment

2= Distribute water

3= Collect water charges

4= Monitoring water use

5= Making rules on water use

6= Providing forums for resolving disputes on water use

7= Maintain communication among catchment users

8= Conservation activities

9= Marketing of farmers’ produce

10= Economic empowerment

100= Others (Please specify)
84. What are the catchment management challenges that the catchment users in Kapingazi

catchment face? (Indicate al).

1= Poor management and coordination

2=Lack of funding

3=Poor leadership

4= Lack of transparency and accountability

5= Lack of participation and ownership
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6= Low literacy levels

7= Lack of commitment on catchment protection by the catchment users
8= Breaking of regulations/rules by catchment users.

9= Lack of awareness.

10=Lack of enforcement.

11= There are no challenges faced in managing the catchment.

12=1 do not know

100= Others (Please
specify)

85. Do you belong to any conservation or social group/organization?
1=Yes 2= No

86. If Yes, Provide the name of the group or organization.

87. Which conservation activities do you partake?
1= Tree planting 2 = Soil and water conservation 3 = Tree nursery management 4 = Waste
management 100 =Others (please specify)

88. How has been your relationship between the members and |eadership?
1=Verygood 2=Good 3=Notverygood 4= Notgood at al
Why?

89. How has been your relationships between the members and conservation/government
agencies? 1 =Verygood 2=Good 3= Notverygood 4= Notgood at all
Why?

90. How has been your experience with the conservation group or organization?
1=Verygood 2=Good 3=Notverygood 4= Notgood at al
Why?

1. If No in question14, why?

92. Which conservation organizations and government agencies do you collaborate with in
managing Kapingazi catchment?
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G. Human activities impacting on water service provision and utilization in Kapingazi
catchment
93. What activities by the catchment users are impacting on provision of water services in
Kapingazi Catchment?

Catchment User | Water provision Utilization impacts
Farmers 6. 6.
7. 7
8. 8
0. 9
10 10
Urban households 6. 6.
7. 7.
8. 8.
0. 9.
10. 10.
Coffee factories 5. 1
(Provide name) 6. 2
7. 3
_ 8. 4
5. 5
Tea factories 6. 1
(Provide 7. 2.
Name) 8. 3.
_ 0. 4.
10. 5.
Transport 6. 1
industry 7. 2.
8. 3.
0. 4.
10. 5.
Educational 6. 1
establishment 7. 2.
(Provide 8. 3.
name) 0. 4,
L 10. 5.
Irrigators 6. 1
(Provide 7. 2
name) 8. 3
9. 4
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94,

95.

96.

97.

98.

99.

10. 5
Urban 5. 1
centres/Shopping 6. 2
centres (Provide 7. 3
name) 8. 4
HEP producers 5. 1
6. 2.
7. 3.
8. 4.

What has been the general trend of water quality of Kapingazi river over the last 10 years?
1= Decreased 2= Increased 3= Remained the same

If it has decreased, Why? (Indicate al)

1= Very steep slopes 2= Intensive cultivation 3= Lack of soil and management practices
4= Pollution 5= Deforestation 6= Quarrying 7= Construction activities 8= Overgrazing
o= Car wash 10= Run off 100= Others ( Please
specify)
What has been the general trend of water quantity in Kapingazi river?
1= Decreased 2= Increased 3= Remained the same 4= 1 don’t know

If It has decreased, Why?

1= Water Abstraction by upstream users (both legal and illegal)

2= Poor water management mechanisms.

3= Increased number of water users (including water tankers)

4= Deforestation

5= Drought

100= Others (Please specify)
Do you practice the following? (Indicate all)

1= Agroforestry 2= Ecotourism 3= Forestry 4= Sustainable agriculture 100= Other
(Please specify)

Are the following present in your farm?

Woodlot 1=Yes2= No

Indigenous  trees 1= Yes 2= No. if Yes, which ones?

Fruit trees 1= Yes 2= No. If yes, which ones?

Exotic trees 1=Yes 2= No. If yes, which ones?
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100. Do you practice any of the following soil and water conservation methods (ENU:
Indicate all)
1=Treeplanting 2= Napier grassstrips 3= Terracing 4= Contour ploughing 5= Crop
rotation 6= Cover cropping 7= Mixed cropping 8 = Roof water harvesting 9= Drought
resistant crop varieties 10= Stone strips 100 = Othes (Please
specify)
101. What are the land degradation threats in your farm? (Indicate al)
1= Overstocking and overgrazing 2= Over exploitation of forest 3= Cultivation on steep
slopes 4= Loss of soil productivity 5= Loss of biodiversity 6= Effect on hydrological
regime 7 = Run off due to heavy rains 8= Wildlife from the forest 100= Others (Please
specify)
102. Do you experience soil erosion in your farm?
1=Yes 2=No
103. If Yes, wherein your farm do you experience most soil erosion?
1= Unused/Bare area 2= Riparian area 3= Cropping area 4= Homestead 5=

Road/paths 6= Steep/slopy areas 100 = Others (Please

specify)

104. What isyour main source of energy for cooking?

1= Frewood 2=Kerosene 3=Gas 4= Charcoa
100=

7= Electricity

Others

105. Where do you get the above fuel used? (ENU: Indicate all)

(Please

5= Crop residue 6= Animal dung
specify)

1=Ownfarm 2=0Owntrees 3=Forest 4= Purchased from market/shop 5= Purchased

from villagers

106. In your assessment, what has been the genera trend of firewood in your village in the

last 10 years?
1= Decreased

2= Increased 3= Remained the same

4 = Don’t know

107. If the availability of firewood decreased, how do you cope with it?

108. Please indicate the extent of your agreement or disagreement with the following

statements.

Statement

Strongly
agree

Agree

Undecided

Disagree

Strongly
disagree

Global warming is an
environmental
problem.

Temperatures  have
become more in the
recent years.

There is increasing
declinein river flows.
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Thereisfrequent flood
incidences.

There is arelationship
between my individua
farming activities and
water quality in my
area

Water qudity is a
major problem

Farming activities at
theriparian bank affect

water quality.

More trees lead to
increased water
quantity.

There is  enough
firewood for the next

generation.
| feed obliged to
conserve the
environment.

The quality of water |
get is affected by the
activities of people
who are farming

upstream.

Water scarcity is a
maj or problem
affecting crop

production in this area.

More trees lead to
better water quality.

The riparian area is
more productive.

H. Willingnessto pay for water provision ecosystem service in Kapingazi catchment
109. What isyour source of water?

1= In house piped tap water
2= On compound/yard piped water
3= Borehole

4= Shallow well

5= Common piped water

6= River/Stream

100= Others (Please specify)
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110. Isyour source of water supply adequate? 1= Yes 2= No

111.  If no, how do you cope and fulfil your water supply demands?

112.  What do you think is causing water scarcity problem?

113.  Inyour opinion, how do you rate the quality and quantity of water you consumein this
household

Very good | Good Somewhat | Poor Not sure
good
Water
Quality
Water
guantity

114. Why are you not connected to piped water?

1= Water is a public good and it is government’s responsibility

2= | am unemployed therefore | cannot afford tap water

3= livein atemporary house.

4= Never asked to pay.

5= | was disconnected because | could not afford to pay the water bill.
6= The water service provider isfar therefore | cannot be connected.
100= Others (Please specify)

115.  Inyour opinion, do you think you should pay for water provision?

1=Yes2=No
116. If yes, why should you pay for water?

1=Itisaservice and hence | am obliged to pay

2= Only if | own a permanent house

3= Only if water tap isin-house or in my compound.

4= Never asked to pay

5=It is convenient to have tap water in the compound

6=It saves time and one can do other things other than fetching water
7=It improves your security.

166



100= Others (Please specify)

117. If no, why should you not pay for water provision service?

1= Water is a public good and it is government’s responsibility
2= Unemployed therefore | cannot afford tap water

3=1livein atemporary house.

4= Never asked to pay.

5= Others (Please specify )

118. Would you participate in conservation activities in Kapingazi catchment?

1=Yes2=No

119. If yes, Why?

1= Catchments are the primary source of raw water

2= Catchments provide other goods like timber, and animal and plant products

3= Catchments provide other services like hydroelectric power, biodiversity
conservation, recreation, and carbon sequestration

4= Catchments minimize floods during the rainy season

5= Catchments improve water quality

6= Provides more sustainable water supply for domestic use.

100= Others (Please specify)

120. If no, why?

121. Have you heard about payment for ecosystem services? 1=Yes 2= No

Let us assume that there is an improved water supply scheme in Kapingazi catchment. In order to
be connected to tap water supply in your household, you would be required to contribute towards
a conservation fund and participate in conservation activities in order to improve water provision
serviceinterms of water quantity, quality and frequency once connected as aresult of conservation
measures within the catchment.

122.  Would you be willing to pay to have with the improved water service provision?

1=Yes2=No
123.  If yes, what isthe maximum amount you are willing to pay for improved water service
with water connection per annum? KES 200, 300, 400, 500, 600, 700, 800, 1000, 1500

124. If yes, Please indicate your reasons why you are willing to pay for improved water
service provision?

1= 1 want clean and more reliable water supply
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125.

2= | want the catchment to continue producing ecosystem services

3= It ismy duty as water user.

4= | would like the future generations to have reliable water supply

5= To benefit theloca community.

6= Water availability is a problem in my household.

7= Security will be enhanced.

8= The money will be used to conserve the catchment.

9= Water delivery cost to my household is higher than if | was connected.

10= Reduced cost of health.

100= Others (please specify)

If no, Please indicate your reasons why you are not willing to pay for tap water

connection and improved water service provision?

1= Water should be provided free of charge

2= | am satisfied with the existing source

3=1 do not have enough money

4= Money paid will be mismanaged.

5= 1 think water is a public good and the government should finance the catchment
management activities.

6= 1 don’t care about the reliability of water supply.

7= 1 do not think the additional payment will result to improved catchment
management.

8= 1 don’t think catchment management will lead to improved water supply

9= do not trust the institution will manage the fund for conservation of the catchment.
10= | have other billsto pay for example electricity bill, hospital bill etc.

11= | am considering buying land elsewhere due to small land size here.

12=| cannot participate in the activities due to old age

13= Small land size

14= Benefits will take along time before they are felt.

100= Others (Please specify)

Thank you
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Appendix 5- Focus group discussions (Kapingazi WRUA, Kapingazi FDAC, Irangi CFA)

1. How do you assess water situation in Kapingazi catchment?

How are the catchment users organized in managing Kapingazi catchment?

What is your group doing to promote conservation in Kapingazi catchment?

Do you involve community membersin catchment management?

If Yes, Explain how

If No, Why

How does your group reach community members?

Has your group been successful in promoting environmental conservation

activities/catchment management activitiesin Kapingazi catchment?

9. If yes, what activities have you been involved in?

10. What challenges do you encounter in promoting catchment management activitiesin
Kapingazi catchment?

11. In your opinion, what can be done to address these challenges?

12. What is currently being done to address these challenges?

13. What is the primary source of your water in Kapingazi catchment?

14. Are the present supplies adequate?

15. If no, how do the catchment users cope and fulfil their demands? How many litres you
buy and how much it cost?

16. Why do you think that water scarcity problem isincreasing?

17. Do you think people who live upstream are responsible for decrease in water supply in
Kapingazi catchment?

18. If yes, what do you think they could do to increase the water supply? If no, who are
responsible?

19. What could be the possible ways to increase the water supply and can you help for it?
How?

20. If the people of upstream are ready to work in conservation of the catchment for
increase in water supply. Would you like to help? How?

21. How could you minimize scarcity in water supply?

22. Isthere any group in the catchment who looks into the water supply and demand? Any
program conducted?

23. How is water regulated/managed in the catchment?

24. What are the water access/use rights in Kapingazi catchment?

25. What are the major water issues in Kapingazi catchment?

26. Have you heard about payment for ecosystem services? If yes, do you believe it will help
to improve watershed supply in your place?

27. What is the maximum amount that you are willing to pay for improved water services
per annum? KES 200, 400, 600, 1000, 2000

N~ WN

169



Appendix 6 - Key informant schedulefor EWASCO, NEMA, WRA

1. What isthe coverage area of the institution?

2. Inwhich ways has the institution contributed to catchment management activitiesin
Kapingazi catchment?

3. Does your organization partner with community based committees/groups in managing
Kapingazi catchment? 1= Yes 2= No

4. If yes, Please name the
groups

5. How does the institution partner with community groups and other stakeholder
institutions?
1= Community development 2= Conservation 3= Funding 4 = Capacity
development/trainings 5= Others(Please
specify)

6. If no, why?

7. How do you assess the water quality and quantity in Kapingazi river?
1=Increased 2=Decreased 3= Remained

8. Why has it decreased?

9. What activities are you involved in?
1= Eco tourism 2= Education and awareness 3= Capacity building 4=
Environmental conservation 5= Others (Please specify)

10. Which projects have been/are/will be conducted in your institution?
1= Eco tourism 2= Education and awareness 3= Capacity building 4= Environment
conservation 5= Others (Please specify)
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11. Do you have loca and international institutions that you collaborate with? 1= Yes 2=
No

12. In which areas do you collaborate?
1= Community development 2= Conservation 3=Funding 4 = Others (Please
specify)

13. Do you know of any markets for ecosystem services? 1=Yes 2= No

14. Would you be willing to pay or contribute towards a conservation fund to support
farmers/communities providing ecosystem services through conservation activities?

1=Yes 2=No

15. Which organizations would you recommend to lead or initiate the PES schemes?
1= HEP Production companies 2= Water service providers 3= Government 4=
Private sector 5= NGOs 6= Others (Please specify)

16. Do you think thereis potential in Kapingazi river catchment for Payment for Ecosystem
services?
1=Totally agree 2= Partially agree 3= Undecided 4= Partially disagree 5=
Totally disagree
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Appendix 7 - Key informant schedulefor KENGEN

Burnice Karimi Ireri isa Masters student from Egerton University, Njoro conducting a study on
the assessment of willingness to pay for ecosystem services in conserving Kapingazi catchment
in Embu County, Kenya. She appreciates your VOLUNTARY participation in this survey and
the information you disclose will be completely CONFIDENTIAL. Y our opinion will be
combined with those of othersto give agenera view and your privacy will be protected to the
maximum.

Name of Organization Officer:

Position of Organization Officer:

1. What isthe coverage area of the institution?

2. Inwhich ways has the institution contributed to catchment management activitiesin
Kapingazi catchment?

3. Does your organization partner with community based committees/groups in managing
Kapingazi catchment? 1= Yes 2= No

4. If yes, Please name the
groups

5. How does the institution partner with community groups and other stakeholder
institutions?
1= Community development 2= Conservation 3= Funding 4 = Capacity
devel opment/trainings 5= Others (Please

specify)

6. If no, why?

7. How do you assess the water quality and quantity in Kapingazi River?
1=Increased 2=Decreased 3= Remained

8. Why hasit decreased?
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9. What activities are you involved in?
1= Eco tourism 2= Education and awareness 3= Capacity building 4=
Environmental conservation 5= Others (Please specify)

10. Which projects have been/are/will be conducted in your institution?
1= Eco tourism 2= Education and awareness 3= Capacity building 4= Environment
conservation 5= Others (Please specify)

11. Do you have local and international institutions that you collaborate with? 1= Yes 2=
No

12. Which organizations do you collaborate
with?

13. In which areas do you collaborate?
1= Community development 2= Conservation 3= Funding 4 = Others (Please

specify)

14. Which is the primary sources of water for KenGen?

15. Arethe present supplies adequate? 1=Y es 2= No
16. If No, how do you fulfil your demand?

17. What do you think is causing water scarcity?

18. Do you think people who live upstream in Kapingazi catchment are responsible for
declining water supply? 1= Y es 2=No If yes, why and what could they do to increase the
water

supply?

19. What would be the possible ways to increase water supply and would you be involved in
it?
How?
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20. If the people who live upstream are ready to work to conserve the catchment in order to
increase water supply, would you be willing to help? 1= Y es 2= No How?

21. How would the communities minimize water shortage?

22. Have you heard about payment for ecosystem services (PES)? 1= Yes 2= No If yes, Do
you believe it can help to improve watershed services supply in Kapingazi catchment?
1=Yes2=No

23. Would you be willing to pay or contribute towards a conservation fund to support
farmers/communities in Kapingazi catchment providing watershed services through
conservation activities 1=Yes 2=No

24. Which organizations would you recommend to lead or initiate the scheme?

1= HEP Production companies 2= Water service providers 3= Government 4=
Private sector 5= NGOs 6= Others (Please specify)

Thank you
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Appendix 8 — Resear ch authorization

NATIONAL ¢ !MMIHi‘iIﬂN FOR SCIENCE,
TECHNOLOGY AND INNOVATION

Peephaqa I3 S8 WD, RGP Vi habas
T TEEE R A el ias LEY Warala Wom

Fa = 3503011505 TAR14 E 1] B D10
il st wieati pa Le PRI KLV
Vighna e, v gl ok

LR N TRy TR TRE

rer e MACOSTLPT 7288751 9806 ree 3™ November, 2017

Burnice Kammi Iren
Eaeston Universiy
PO Box 536-201 15
EGERTOM.

RE: RESEARCH AUTHORIZATION

Following your application (or suthosity 0o carry oun pescarch on “sdssesonens of
willimgress o pay for ecospstem services in conserving Kapingezi Cavchwment in
Encbe Cowndy, Keaya®™ | am pleased o miform vear thit vea Fave been authomzed to
undettake research in Embu County for the period énding 3" November, 2018,

You are advized 1o sepodt to the Coenty Commissioner and the County Dirsetor of
Edueatlon, Embie County belioe anbodking on the reseanch project.

Kimdlly note that, as an applicant wha kas been livensed wnder the Science, Technology
and Innovation Act, 200 310 cundbet fesenzeh in Regym, vou shall Seposit a copy of the
final rescarch report to the Commizsion within one vear of completion. The soft cogy
of the same should be subarited throush the Online Besearch [nformmiion Sysiem.

Gkg.lsm'urq

GODFREY F. KALERWA Mic, MHEA, MKIM
FOR: DIRECTOR-GENFRALACED

Copy 1o
The County Conmissioner

Ermbua County. :

The County Darectos of Educatiom
Embu County.
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Appendix 9 — Resear ch publication

WATER BIEHRATIONAL Routledge
ey, 1 DB MO0 A 161 Tajkoe b Frands Geaup
CASE STUDY Wi hmeh b upduies

Provisioning of water ecosystem services in the Kapingazi
River Basin in Kenya: can prospects of willingness to pay
improve water quality and quantity?

Busmice Karimi Ireri =%, Paul M, Makenzi =, Stanley M. Makindi %, Pater A Minand®
and John M. Mionga
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mass e prary Fiear impeonaneg water senvice provision. T thirds of [e———

respondants are willing to pay for improved water quality and  wpinges

WMWH&MIUMHNM#N'M MR
10 jper annam for improved water senvices, not counking waber

wonnection fees. Logetic regresion analyss revesbed that age,

aduscation ard household size were Bactors influsncing respon

danis’ willingness to pay.

Introduction

Paymeni for ecosystem services i an emerging practice that deals with a financial
support scheme that aims 1o conserve consystem services by providing incentives o
thise who contribute b conservation, maraly by msamging consysiem servicds by adog-
img land-use practices that lead e coosysiemn servioes - for example, enhanced carkson
sequesiration, improved water gquality and quantity. The payment for ecosysiem services
{PES) approach is hased on a theoretically straightforward proposition: pay individuals
o commimnitics io undertake actions that incresse levels of desired consysiem services. i
helps 1o achieve cnvironmental oulcomes by providing @ way o mfernalise coononmic
cxlermalities, a problem that bas long been recognized and studied i the environmental
ceonomics (and broader econmics) lilerture {Turner & Daily, 2008]).

Mouni Kenya is one of the five water towers in Kenya whose water yield contributes
chose 10 49% af the flow of river Tana. The fiver supports hydreclectric power penerated
in Kenya, irvgatod sgrcaliuee, fishores, lvcstock production and baodseersity conserva-
tim in the lower Tana, which = siriegic 1o Kenya's econonic development River
Kapingaxi is loecated in the upper Tana river hasin area and originates from Mount
Kenya forest and joins with the river Rupingazi at the confluence in the lower pant of the
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