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ABSTRACT

Climate change has direct impacts on forest ecosystems, like changes in productivity,
functional trait composition and species extinction or range redistribution. These
changes have been associated with increased drought stress, drying or dieback.
Climate change can also have indirect impacts on forest ecosystems, for example,
increased fire frequency .Worldwide and regional climate simulations for the next
few decades project changes in precipitation and warming that may seriously impact
major biomes all over the world. The general objective of this study was to assess the
impact of climate change on forest ecosystems in Kenya with special emphasis to the
application of Ecosystem-based Adaptation to climate change in Kakamega Tropical
Rainforest Ecosystem. The specific objectives were: to establish the spatial and
temporal characteristics of climate change in Kakamega Tropical Rainforest
ecosystem, to analyze ecosystem services of Kakamega Tropical Rainforest, 0 assess
the impact of climate change on Kakamega Tropical Rainforest Ecosystem, to
evaluate Ecosystem-based adaptation (EbA) initiatives to climate change in
Kakamega Tropical Rainforest ecosystem and to establish challenges and constraints
facing implementation of EbA initiatives in Kakamega Tropical Rainforest
ecosystem. This study was descriptive and cross-sectional in design and relied on a
mixed methods approach. Anthropogenic Global Warming Theory and Adaptive
Management Theory were used to guide the study. The study also utilized a
conceptual framework showing the interrelationship between the independent (climate
change) and dependent variables (forest ecosystem). The study utilized both primary
and secondary data. The target population was 20,000 households living up to 10km
from the forest edge in the selected communities neighbouring Kakamega Tropical
Rainforest and 53 government officials within Kakamega County. A total of 184
members of the households were selected using stratified random sampling design
and 20 forest officers were purposively sampled as respondents in the study. The
study findings revealed that the spatial and temporal characteristics of climate change
was very extreme temperatures and precipitation (the results revealed that temperature
is increasing by 0.04°C per annum while rainfall amounts have dropped by 150mm
for the past fifty three years that is since 1967 to 2020 in the region), the forest
ecosystem was also a source of many services to the surrounding community, it also
had a great impact on the surrounding community. Several challenges to the forest
ecosystem existed such as high population growth rate, uncertainties around future
climate change, deforestation, poverty, economic reasons like fluctuation of markets
as some of the constraints or challenges facing the implementation of EbA initiatives.
The study recommends that there is need for afforestation and conservation of the
forest to get rid of extreme temperatures and precipitation since it is a source of many
services to the surrounding communities and that the forest ecosystem helps to adapt
or mitigate climate change among others. The study suggest for a further research in
other forest ecosystems in Kenya on the effects of forest destruction on the socio-
economic conditions of the neighbouring communities.
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OPERATIONAL DEFINITION OF TERMS

Abiotic conditions: (or factors or drivers): environmental variables such as

climate, soil conditions, and light availability.

Adaptation: Is the adjustment in human or natural systems in response to
expected or actual climatic stimuli or their effects that harm,

exploit or moderate beneficial opportunities.

Biomass: is the total amount of live and inert organic matter above and

below ground expressed in tons of dry matter per unit area.

Biomass dynamics: the fluxes in biomass per unit area per unit time. Examples of
positive fluxes (i.e. biomass increase) are: aboveground biomass
increase, tree growth, seedling recruitment, or litter production.

An example of a negative flux is tree mortality.

Biomass stocks: the amount of biomass per unit area. This can be based on
aboveground living biomass, (fine) root biomass, or soil organic

matter.

Biotic conditions  (or factors or drivers): attributes of the vegetation, such as
taxonomic diversity, trait diversity, community-mean trait values,

and/or structural attributes.

Carbon dynamics: fluxes in carbon (in vegetation or soil) per unit area per unit time.
Carbon dynamics are sometimes used to replace biomass
dynamics because they are very strongly related (biomass is

about twice the mass of carbon).

Carbon stocks: the amount of carbon (in vegetation or soil) per unit area. Carbon
stocks are sometimes used to replace biomass stocks because

they are very strongly related.

Climate Change:  Climate change refers to the variation in the earth‘s global
climate or in regional climates over time scales ranging from

decades to millions of years.
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Ecosystem-based Adaptation is the use of biodiversity and ecosystem services aspart
of an overall adaptation strategy to help people to adapt to the adverse

effects of climate change

Ecosystem functioning: the combined effect of all ecosystem processes that are

needed to sustain an ecosystem (Reiss et al. 2009).

Ecosystem functions: often used as a synonym for ‘ecosystem processes’. this study
‘ecosystem functions’ mainly refer to processes that provide benefits

to the planet and humans, such as carbon sequestration.

Ecosystem processes: ecosystem-level fluxes or stocks of carbon, water and nutrients,
such as biomass stocks or productivity of the whole community.

Ecosystem Services: “Ecosystem services are the direct and indirect benefits that
people obtain from nature.” These services are classified as
provisioning services, regulating services, cultural services and

supporting services (Renaud, Sudmeier- Rieux, & Estrella, 2013).

Greenhouse gases  This include carbon dioxide, methane, nitrous oxide, and other
gases that modify the heat retention capacity of the Earth's

atmosphere

Impacts Refers to the positive and negative effects of climate change on

forest ecosystem

Kyoto Protocol: An international agreement adopted in December 1997 in Kyoto,
Japan. The Protocol sets binding emission targets for countries to

reduce their carbon emissions.

Sequestration  The removal of carbon from the atmosphere. It is the process of
increasing the carbon content of a carbon reservoir other than the
atmosphere. Biological approaches to sequestration include direct
removal of carbon dioxide from the atmosphere through land-use
change, afforestation, reforestation, and practices that enhance
carbon in agriculture. Physical approaches include separation and

disposal of carbon dioxide from fuel gases or from fossil fuels.
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Vulnerability: “The characteristics and circumstances of a community, system or
asset that makes it susceptible to the damaging effects of a hazard.
Moreover, there are many aspects of vulnerability, arising from various
physical, social, economic, and environmental factors” (UNISDR,

2009).



CHAPTER ONE

INTRODUCTION
1.1 Background to the Study
According to Leeuwen, et al.,, (2011) Climate change has become a global
phenomenon with overwhelming evidence. Globally there is a substantial problem in
relation to greenhouse gas emissions. The 2013 Physical Science Basis report of the
IPCC revealed that concentrations of the greenhouse gases: methane (CH,), nitrous
oxide (N,O) and carbon dioxide (CO,)exceeded the highest concentrations recorded

in ice cores during the past 800,000 years (IPCC, 2013).

The increase in average concentration in the atmosphere is 150% for CH,4, 20% for
N,O and 40% for CO, compared to pre-industrial times in 1750 (IPCC, 2013). More
other sources of great importance are emissions from land degradation and
deforestation. The concentrations that the planet as a system has been used to over
long periods of time are being altered, which has now led to a severe disturbance of
radiative forcing. So far, it seems that humans are not able to successfully control the
output of emissions to help significantly minimize climate change (Leeuwen et al.,

2011).

In sub-Saharan Africa (SSA), climate change projections manifest a warming trend
with changes in precipitation patterns (Serdeczny et al., 2015). The severity of
climatic events is increasingly becoming a challenge not only to humanity but also to
the existing natural systems (Intergovernmental Panel on Climate Change (IPCC),
2012).Currently, millions of people across SSA depend on forest products and
services for their daily income and well-being. However, not all incomes of forest-

based communities are obtained from forest products alone.



In recent years, Kenya’s forests have been depleted at an alarming rate with the
current forest cover estimated at 7.4 per cent of total land area, which is below the
recommended global minimum of 10 per cent (FAO, 2010). The low forest cover in
the country is largely attributed to deforestation, induced by excessive human
activities, such as illegal logging, unsustainable charcoal production and clearing of
forests for farming and settlement (Ongong’a and Sweta, 2014), resulting in forest
fragmentation. Kakamega Forest, the only tropical rainforest in Kenya, is no
exception as nearly half of it has been lost in the past 38 years due to human activity,
leaving only about 230 km? of it standing (KFEMP, 2012). While the Government of
Kenya (GOK) has made enormous efforts to protect this forest from human

interference, it is difficult to save it from the impact of climate change.

Looking at climate change scenarios at the present and future is relevant: “In recent
decades, changes in climate have caused a lot of impacts on natural and human
systems on all continents and across the oceans.” (IPCC, 2014). The effect of climate
change is experienced comprehensively and most strongly by natural systems, and
while human systems are affected in a similar fashion, such is not to the same extent
as the natural counterpart (IPCC, 2014). However, the global burden of human beings
becoming ill from climate change is relatively small compared to other stressors and
is not well quantified. Increased heat-related mortality as well as decreased cold-
related mortality has been observed in some regions (From 1998, more than 166 000
people died due to heat waves, including more than 70 000 who died during the 2003
heat wave in Europe) and in some cases local changes in temperature and rainfall

have altered the distribution of water borne illnesses (IPCC, 2014).

This understanding is particularly important in the case of triple win interventions that

combine anti-poverty, climate resilience and sustainable development actions (Denton



et al., 2014) such as Ecosystem-based Adaptation (EbA). Through restoration,
management and conservation of ecosystem services and biodiversity, scholars and
policy-makers, increasingly believe that many of the problems at the intersection of
climate change and poverty can be addressed (Secretary of Convention on Biological

Diversity, 2009).

To date, most of the academic work on Ecosystem-based Adaptation (EbA) has
concentrated on explaining the possible advantages of ecosystems for adjustment to
climate change (Munang et al., 2013) or analyzing the information base for the
utilization of ecosystems for adaptation (Brink et al., 2016). Research studies were
carried out on EbA at the local level with regards to both developing (Bourne et al.,
2016) and developed countries (Geneletti and Zardo, 2016). Different researches have
examined the development of EbA in global legitimate systems on climate change and

biodiversity (Chong, 2014) and in global climate policy (Ojea, 2015).

The interest and acceptance in adaptation to climate change has gained prominence
especially over the last fifteen years (Naumann et al., 2011). In its Fourth Assessment
Report, the IPCC proposes to put a higher spotlight on adaptation to expand the
capacity of regions, countries, social groups and communities to adapt to climate
change in a manner synergistic to sustainable development (Adger et al., 2007). The
expanded acknowledgment of the significance of adaptation is additionally reflected
in an expanded number of scientific publications. A survey by Glick et al., (2011)
found a five-fold increase in climate change adaptation literature from 2007 to 2010

(Glick et al., 2011).

The conservation, management and restoration of ecosystems have been recognized

by many specialists as a key component for climate change adaptation and disaster



risk reduction (Estrella and Saalismaa, 2013). From this thought the ideas of
Ecosystem-based Adaptation (EbA) and Ecosystem based Disaster Risk Reduction

(Eco-DRR) have emerged.

In the ensuing years, the idea propelled by this thought called 'Ecosystem based
Management' rose in significance and stood out not least because of the publication of
the Millennium Ecosystem Assessment in 2005 (Gohler et al., 2013). In the appraisal,
the decline of worldwide ecosystem wellbeing was elaborately reported (Mercer et al,
2012). In turn, this inspired the conceptualization of the Ecosystem-based Adaptation
idea within NGO's and intergovernmental organization circles, as it has been
supported by the idea of ecosystem services. It was seen as a methodology of utilizing

natural solutions to alleviate climate change (Gohler et al., 2013).

Since then, the idea developed as a significant connection between the three Rio
Conventions — the United Nations Convention to Combat Desertification (UNCCD)
(1997), the Convention on Biological Diversity (CBD) (1993) and the United Nations
Framework Convention on Climate Change (UNFCCC) (1992). Out of these three
conventions, the CBD is most concerned with the idea. The primary presentation of
the idea into the UNFCCC occurred at the Conference of the Parties (COP) 14 out of
2008 in Poland/Poznan, where this issue was pushed by NGO's, for example, the TNC

and the [IUCN among others (Gohler et al., 2013).

For instance, in the African continent the Nairobi declaration by the African Ministers
of Environment and Natural Resources on the African Process for Combating Climate
Change clearly points out that ‘support for Africa under future climate regime should

be based on priorities determined by Africa, which include financing, capacity



building, research, technology, adaptation and transfer of knowledge, in particular

indigenous knowledge’ (World Bank 2009).

A forest as defined by Global Forest Resources Assessment (FRA, 2010) is an area
with tree crown cover of more than 10 per cent of the ground and area of more than
0.5 hectares with trees higher than 5 meters. Many scholars and institutions have
worked extensively on the mitigation potentials of forest with much focus on the
‘clean development mechanisms (CDM)’ and ‘reducing emissions from deforestation
and forest degradation (REDD)’. The UNFCCC also focused on deforestation,
reforestation, afforestation, and forest management under the development of rules of
the Kyoto Protocol. One major development under UNFCCC was the publication of
guidelines for reporting greenhouse gas emissions by sources and removals by sinks
resulting from land use, land-use change and forestry (LULUCF).However, many
methodological and governance challenges still remain (Mayers, 2009). An overall
framework, ‘agriculture, forestry and other land uses (AFOLU),” is also being

proposed at the UNFCCC as another credible mitigation activity across landscape.

One of the few global views on forest and climate change adaptation options was
presented by Seppala et al., (2009).Forestry and forests provide diverse resources,
which are depended upon by the respective society for adaptation actions and earning
livelihoods. Most of these resources go beyond the protective functions of forest,
notably the use of diverse Non Timber Forest Products as ‘safety nets’. Livelihoods in
Sub-Saharan Africa are so dependent on forest and other natural resources, and
climate change adaptation is such a huge priority both at the livelihood and political

levels.



Change of climate, combined with, human encroachment, over-exploitation and
pollution, are increasingly changing and degrading ecosystems and their ability to
deliver the services that are important to human lives and wellbeing (World Bank,
2014). If conserved and well-managed, however, these ecosystems can help enhance
the resilience of people to both climatic and non-climatic threats, while providing
multiple benefits to both environment and the society (Colls et al., 2009). Based on
this backdrop, there is growing recognition that ecosystem-based approaches to
climate adaptation can constitute a vital element of a country’s strategy for adapting

to climate change.

In the year 2010, the Cancun Adaptation Framework of the United Nations
Framework Convention on Climate Change (UNFCCC) at its 16th COP invited
Parties to enhance action on adaptation by “building resilience of socio-ecological
systems, including through economic diversification and sustainable management of
natural resources”(UNFCCC 2011). At the centre of the concept of Ecosystem- based
Adaptation is the importance of seeing beyond the role of ecosystems as providers of
a set of static ‘natural resources’ and instead seeing them as generators of a number of

interconnected ecosystem services (Reid and Alam, 2014).

Same as human beings, ecosystems are more resilient to stressors and better able to
adapt to adverse conditions when they are healthy and fully functioning. MEA defines
resilience as the capacity of a system to tolerate impacts of drivers without
irreversible change in its outputs or structure. Ecosystems have limits, however,
beyond which they cannot function in their current form. When these limits are
breached, an ecosystem may no longer be able to provide the services on which
humans have come to depend on (Scheufele and Bennett, 2012). What sets

Ecosystem-based Adaptation apart from business as usual ecosystem management



and conservation, is that EbA uses nature-based approaches to help people adapt to
the current and future impacts of climate change. The CBD EbA definition
emphasizes that this is not merely a by-product, but the end goal of EbA (Martin,

2011).

Tropical forests cover about 10% of the Earth surface, but store 25% of global
terrestrial carbon and account for 34% of terrestrial gross primary productivity
(Malhi, 2012). They therefore feature prominently in climate change mitigation
policies, such as Reduced Emissions from Deforestation and forest Degradation
(REDD). In these forests, the 2% largest stems account for at least 27% of the

aboveground biomass (Slik et al., 2013).

The continent of Central America is a biodiversity hotspot area, and the region’s
governments have demonstrated their commitment to biodiversity conservation
through the Mesoamerican Biological Corridor (Holland 2012). However, future
climate change can alter the distribution and composition of species and ecosystems
(Imbach et al.,2013), leading to a need for conservation strategies to be reassessed.
Projections of the possible impacts of climate change on ecosystems can help support

assessments of conservation needs and adaptation measures in the region.

In April 2009,the International Union of Forest Research Organizations (IUFRO)
published the global assessment report on the “Adaptation of Forests and People to
Climate Change” (Seppala et al., 2009). That report presents the state of information
regarding the impacts of climate change on forests, the socio-economic implications
and the options for adaptation. However, given the global scope of the assessment and
the limited time available, it was not possible to systematically analyze and compile

information for particular geographical regions.



Ecosystem-based Adaptation often overlaps with other socio-economic goals such as
sustainable development and poverty alleviation (Munang et al., 2014). In China,
poverty highly overlaps with ecologically vulnerable areas that are sensitive to
climate change (Oxfam 2009). Comparatively, Kakamega Tropical Rainforest area,
although high in biodiversity, is one of the most ecologically vulnerable areas in

Kenya.

Added to the low adaptive capacities of rural populations, climate change impacts on
forests will exacerbate the vulnerability of any forest-dependent community (Okali,
2011). Past studies conducted in Kakamega County have identified and emphasized
the impacts of climate change on smallholding farmers (Barasa et al., 2015; Ochenje
et al., 2016; Mulinya, 2017). However, little is known and documented on climate

variability and related impacts on the Kakamega Forest Ecosystem.

Most climate change studies have either ignored or devalued climate variability,
probably due to uncertainties with regard to expected future changes in rainfall and
temperature variability (Ramirez-Villegas et al., 2013; Thornton et al., 2014). For this
reason, the impact of climate variability on forest ecosystems are still poorly
understood (Turpie and Visser, 2013). Understanding climate variability trends is
critical in mitigating adverse effects on the forest ecosystems. Against this backdrop,
this study sought to determine the impact of a changing climate and the application of
EbA on the Kakamega tropical rainforest ecosystem. The findings would not only
enrich our understanding of climate variability and its related impacts on forest
ecosystems but also provide insights to researchers and policymakers on practical

initiatives needed to enhance resilience at the local scale.



The focus of this study was on forest Ecosystem-based Adaptation (EbA) approaches
to climate change because of their relative novelty. As an emerging field of practice,
EbA is more likely to be shaped by actors who aim to promote innovations, that is, by
entrepreneurs. EbA has been defined in several ways (Milman and Jagannathan,
2017). Furthermore, there are even less studies illustrating and measuring the co-
benefits of EbA although there are numerous studies showing the contribution of
forest ecosystem to poverty alleviation, and how adaptation helps with poverty
(Martin et al., 2010, Tanner & Mitchell 2008). This study used Kakamega Tropical
Rainforest ecosystem to provide quantified social economic evidence of how
Ecosystem-based Adaptation (EbA) overlaps poverty alleviation through the lenses of

fulfillment of basic needs and subjective well-being.

In view of this, the study focused on impact of climate change and the application of
Ecosystem based Adaptation to climate change in Kakamega Tropical Rainforest

ecosystem.

1.2 Statement of the Problem

Globally, forests cover approximately 42 million km? of land, which is approximately
30% of the Earth’s land surface, supplying a variety of valuable ecosystem services
such as climate regulation, water regulation, habitat provision, provision for foods,
medicines, and aesthetic values (Nkem et al., 2010). However, ecosystem services
provided by forests are becoming scarcer in many countries, especially in the tropics
(Carrasco and Papworth, 2014; Mutoko et al., 2015). Tropical forests are the single
most important terrestrial biome with a capacity to provide multiple ecosystem
services, although tropical forests only cover approximately 6% of the global land

surface (Saatchi et al., 2011).
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The rate of decline of ecosystem services supply from the world’s tropical forests is
also higher than other forest biomes (Liu et al., 2015). Therefore, understanding the
dynamics and nature of ecosystem services supplied from a tropical forested
landscape is paramount to ensure their future conservation and recognition of their
importance to humanity. The main reasons for this decline are climate change, forest
degradation, land use and land cover change and, most importantly, the reduced focus
on the sustainable management of ecosystem services. Ecosystem services
management in natural resource management planning is not well addressed due to
the lack of scientific information on the nature and distribution of ecosystem services,
poor understanding of the supply of ecosystem services processes and unknown

trends of ecosystem services under future climate change scenarios.

A key focus for EbA was, therefore be on enhancing ecosystem resilience by
maintaining ecosystem structure and functioning in response to current and future
impacts. More concretely, this involves securing the stability and resilience of
ecosystems as a whole; how they connect with one another; and the multiple roles
they can play in increasing the adaptive capacity and resilience of people depending

on these ecosystems (Epple and Dunning 2014).

It was on this basis that this study critically examined the impact of Climate Change
on forest ecosystems in Kenya with special emphasis to the application of Ecosystem

based Adaptation to Climate Change in Kakamega Tropical Rainforest ecosystem.

1.3 Objectives of the Study
The general objective of this study was to assess the impact of Climate Change on
forest ecosystems in Kenya with special emphasis on application of Ecosystem based

Adaptation to Climate Change in Kakamega Tropical Rainforest ecosystem.
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The specific objectives were:

1. To establish the spatial and temporal characteristics of climate change in
Kakamega Tropical Rainforest ecosystem.

2. To analyze ecosystem services of Kakamega Tropical Rainforest.

3. To assess the impacts of climate change on Kakamega Tropical Rainforest
Ecosystem.

4. To evaluate Ecosystem-based Adaptation approaches to climate change in
Kakamega Tropical Rainforest ecosystem.

5. To establish challenges and constraints facing implementation of Ecosystem

Based Adaptation initiatives in Kakamega Tropical Rainforest ecosystem.

1.4 Research Questions

This study was guided by the following research questions:

1. What are the spatial and temporal characteristics of climate change in
Kakamega Tropical Rainforest ecosystem?

2. What are the forest ecosystem services of Kakamega Tropical Rainforest?

3. What are the impacts of climate change on Kakamega Tropical Rainforest
ecosystem?

4. Evaluate Ecosystem-based Adaptation approaches to climate change in
Kakamega Tropical Rainforest ecosystem.

5. What are the challenges and constraints facing implementation of EbA

initiatives in Kakamega Tropical Rainforest Ecosystem?

1.5 Significance of the Study
There are very few studies on the role of forests in mitigating climate change,

especially in Kenya. This study provides a crucial step in efforts aimed at assessing
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and understanding the role Kakamega Tropical Rainforest would play in mitigating

climate change in Kenya.

Neither the impacts and institutional response of climate change with regard to
forests, nor the role forests play in a society’s adaptation are well understood by many
decision makers and development actors: especially in the context of the Sub-Saharan

Africa. Therefore, more research may improve the understanding of these issues.

One approach to conserve the forest is to examine the potential economic value of the
forest to sequester carbon, disseminate this knowledge and involve local communities

and other stakeholders to realize this benefit.

The study was vital especially to various institutions like Kenya Wildlife Service,
Kenya Forest Service, research institutions such as Kenya Forestry Research Institute
and policy makers because it would help them to come up with comprehensive
guidelines of policy interaction on how forest protection and climate change ought to

interplay.

The research study would also help other researchers and students who wish to
conduct further research in line with risks and opportunities in climate change. The
research would inform people living within and around the forest to appreciate the

importance and benefits of forests in mitigating climate change.

1.6 Scope of the Study

This study was carried out in Kakamega Tropical Rainforest Ecosystem which is
located in Kakamega County of Kenya. The study area was purposively selected as it
is one of the Tropical Rainforest in Kenya rich in biodiversity and also because of the

recognized vital role it plays in the ecosystem.
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The study focused on the spatial and temporal characteristics of climate change,
ecosystem services, the impacts of climate change, ecosystem based adaptation
approaches and the challenges and constraints facing implementation of EbA

initiatives in Kakamega tropical rainforest Ecosystem.

1.7 Limitations of the Study

This study collected data from Kakamega Tropical Rain Forest Ecosystem of
Kakamega County, the findings can only be true to the area, and lack of
generalizations was therefore a major weakness of this study. However, similar
studies can be conducted in other areas. The research design which was descriptive in
nature may not give all the required information; other studies should be conducted in
other areas using different research designs to ascertain the existence of the same

problem.

Unavoidable errors from respondents and those arising from sampling design may
have affected the precision of the results. In real world situation and experience in the
economic phenomena, most variables may be interrelated in one way or another

which may not be easily understood or captured.

1.8 Assumptions of the Study
The following were the basic assumptions of the study:-
1. There existed spatial and temporal characteristics of climate change in Kakamega
Tropical Rainforest ecosystem.
2. There existed ecosystem services of Kakamega Tropical Rainforest.
3. There were potential impacts of climate change on Kakamega Tropical

Rainforest ecosystem.
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. There existed Ecosystem-based Adaptation measures to climate change in
Kakamega Tropical Rainforest ecosystem.
. There were challenges and constraints facing implementation of EbA initiatives

in Kakamega Tropical Rainforest ecosystem.
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CHAPTER TWO
LITERATURE REVIEW
2.1 Introduction
This chapter focuses on the review of various studies conducted and recorded in
journal articles, paper presentations in conferences, books, web- articles and other
sources. The review is organized into five sections based on the objectives of the
study. The review also covers theoretical considerations and conceptual framework

for the study.

2.2 Spatial and Temporal Characteristics of Climate Change

Past studies have demonstrated how forested areas and their surroundings have
experienced general reductions in precipitation and increases in temperature over time
(Boon and Ahenkan, 2011). These changes profoundly affect the overall health of the
ecosystem, reducing the supply of forest materials such as foods, fuelwood, medicinal
herbs and other non-timber forest products (NTFPs). In due course, this will impose

additional stress on the forest ecosystem.

Changes in temperature have been extensively studied and are well understood across
a wide range of temporal and spatial scales. The Fifth Assessment Report from the
Intergovernmental Panel on Climate Change Working Group | illustrated that the
globally averaged land surface air temperature has risen since the 19"centuryby an
average increase of 0.72 degrees Celsius from 1951 to 2012, with the greatest amount
of warming occurring since the 1970’s (IPCC, 2013). However, trends in
precipitation, globally and regionally, are less obvious. Precipitation in the tropics (30
degrees N to 30 degrees S latitude) has both decreased and increased since the 1970’s;
precipitation has increased in the last decade(2000’s), reversing the drying trend

observed from the 1970’s to late 1990°s (IPCC, 2013).
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The annual UNEP Emission Gap Report compares the current track of emissions that
we are on, to what is required to keep global warming to a maximum of a 2°C average
increase in temperature compared to pre-industrial times with a likelihood of more
than 66%. It shows that we are falling behind (UNEP, 2013). The 2°C maximum
increase in temperature is a debate on its own and shall not be examined at this point
in detail, as it is a political ‘goal’ that has been agreed upon in the Copenhagen
Agreement in 2009 at the Conference of Parties 15 and is heavily debated. Many
argue that a 2°C rise in temperature is already way beyond a temperature in which

adverse climate change effects are out of control (Olson et al. 2014).

At smaller spatial scales minimum temperature on the island of Oahu in Hawaii, USA
have an average increase of 0.17 degrees Celsius per decade (Safeeq et al.,2013) and
the statewide average warming for Hawaii is 0.2 degrees Celsius per decade since
1975 (Giambelluca et al.,2008).The complexity of precipitation trends is even greater
when comparing changes at smaller spatial scales, as significant differences in annual
precipitation trends have been observed across three islands in the Hawaiian
Archipelago (Chenand Chu, 2014). The island of Hawaii itself has seen a
predominately positive annual precipitation trend, as well as precipitation intensity,
though most of the increase is located in the high elevations surrounding Mt. Mauna
Loa. Opposite trends, with decreasing precipitation intensity are seen on the much
drier, western side of the island (Chu et al., 2010). These localized and regional
spatial patterns of precipitation dictate water resources on the island scale, with
regions of highest precipitation home the highest resource availability (Hawaii County

Water Use and Development Plan, 2010).

Therefore, patterns then play a large role in resource management, especially in

tropical island settings where freshwater resources quickly meet the ocean (Falkland,
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1999). Changes in precipitation patterns lead to concerns for water resource
management as extreme events, such as droughts and floods, will likely occur more
frequently and with a higher severity in the future (Brekke et al., 2009). In Hawaii in
particular, declines in base flow and low-stream flow have been noted across the
entire Hawaiian Archipelago (Bassiouini and Oki, 2013); though only surface water
records were used, the decline in flow indicate a long-term decrease in water
resources availability statewide, including Kona where only minimal surface water is

available (Hawaii County Plan, 2010).

The interaction between climatic elements, vegetation attributes and ocean surface
temperature variations are not properly explained and there are contrasts from area to
another throughout the world. As per numerous past studies, the climate parameters
and the Normalized Difference Vegetation Index (NDVI) have a positive connection
on geographical position, geomorphology, vegetation type, climatic condition and

other factors (Zhong et al., 2010).

Vegetation condition is dependent on soil type, moisture of soil and type of vegetation
in the area; in addition, climatic elements, for example, temperature, precipitation and
ocean surface temperature. Among those numerous elements of vegetation dynamics,
the climatic elements are very unpredictable and variable in a very short period of
time, spatially and temporally (Zhong et al., 2010). Precipitation varies more in both
space and time than other climatic elements. All other factor of vegetation dynamics
are most likely dependent of climatic elements and they don't vary temporally in a
very short period of time like temperature and precipitation. This spatiotemporal
variation of climatic factors has great influence on the vegetation dynamics and

seasonal farming productivities (Nicholson et al., 1990).
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Because of overexploitation through enormous lawful and unlawful logging between
the years 1960s and 1990s, the forest flora is dominated by a mixture of large
secondary-growth trees and hardly any primary-growth trees. Even for this secondary
forest, much of the closed canopy and contiguity exists only in the northern part of the
forest, consisting of the Buyangu blocks, which are now protected as a national
wildlife reserve. The southern end, involving the Ikuywa, Yala and Isecheno just as
the isolates units of the Malava, Kisere, and Kaimosi blocks, are managed as forest
reserves but are still accessible to the local public community despite some level of

official restriction (Bennun et al., 1999).

In Ethiopia, Gojam area, most of the population depends on rainfall-based agriculture
and agricultural related activities for their livelihoods. These days, the occasional
rainfall is not coming on time and is reducing in amount (UNFCCC, 2010).
Precipitation variance has noteworthy long and short term impacts on natural
resources especially wetlands, rivers, forests and lakes. The economy of the Gojam
populace is mainly based on rain-fed agriculture. Regardless of the availability of
surface and groundwater resources, the failure of seasonal rains seriously affects the

area's agricultural activities that lead to food insecurity and other hardships.

The World Meteorological Organization (WMO, 2011) states that, climate variability
represents variations in the mean state and other statistics, (for example, standard
deviations, the occurrence of extremes, and so on.) of the climate on all temporal and
spatial scales beyond that of individual weather events. The term is regularly used to
indicate deviations of climatic statistics over a given timeframe (for instance a season,
year or month) from the long-term statistics relating to the corresponding calendar

period. Variations might be because of natural internal processes within the climate
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system (internal variability), or to variations in natural or anthropogenic external

forcing (external variability).

In the smaller spatial scales, the vegetation index is partly associated with root depth,
vegetation types and soil properties. In addition, little is known quantitatively, with
respect to the degree to which spatial variation of the vegetation index relies upon
rainfall seasonality in tropical rainforest at regional scale (Barbosa and Lakshmi
Kumar, 2011). Geo-statistically based spatial and temporal analyzes of NDVI and
other related climatic parameters would be useful to understand how they would be
related to each other in the zone and to make predictions of a parameter based on the

signal of another one.

The factors or driving forces can be classified as human and natural induced. In the
study area, the natural driving forces factor might be generally geological or
meteorological phenomena like earthquake, resembles climate change, soil type, steep
relief, tremor, and extreme precipitation. Population pressure, immense agricultural
and deforestation, as well as plough of grass or bush land caused by the population
increase are also human factors. In the last few decades, conversion of grasslands,
forest and woodland into cropland and pasture has risen significantly in the tropics
(Shiferaw, 2011). A significant increase in cultivated land instead of forestland was
found to have occurred between 1957 and 1995 in Gojam (Shiferaw, 2011). The most
significant changes were, destruction of the natural vegetation, expansion of grazing

land and increased farms.

Climate is explained in terms of the variability of relevant atmospheric variables, such
as, wind, humidity, snowfall, temperature, clouds, precipitation including extreme or

occasional ones, over a long period of time in a specific area. The classical period for
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performing the statistics used to define climate corresponds to at least 3 decades or 30
years, and it is designated by “climate normal period”, as defined by the World
Meteorological Organization (WMO). As a consequence, the 30-year period
proposed by the WMO should be considered more as an indicator than a norm that
must be followed in all cases. This meaning of the climate as representative of
conditions over several decades should, of course, not mask the fact that climate can

change rapidly.

Climate can thus be viewed as a synthesis or aggregate of weather in a particular area
and for a long time (Goosse et al., 2010). This involves the region's general pattern of
weather conditions, seasons and weather extremes like droughts, rainyor hurricanes
periods. Two of the most significant variables determining an area's climate are

precipitation and air temperature (Goosse et al., 2010).

There is need to also consider the fact that the state of the atmosphere used in defining
the climate given above is influenced by numerous processes involving not only the
atmosphere but also the vegetation, the sea ice, the ocean, etc. Climate is thus now
more and more frequently defined in a wider sense as the statistical description of the
climate system (Goosse et al., 2010). This includes the analyses of the behavior of its
five major components: cryosphere; solid water, i.e. sea ice, glaciers, ice sheets, etc.,
biosphere (all the living organisms) , the atmosphere; the gaseous envelope
surrounding the Earth, the land surface and the hydrosphere; liquid water, i.e. ocean,
lakes, underground water, etc., and the interactions between them (Solomon et al.,

2007).

It has also been projected that global mean surface temperatures will increase a further

0.3°C to 1.7°C, 1.1°C to 2.6°C, 1.4°C to 3.1°C, and 2.6°C to 4.8°C by the end of this
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century (2081-2100), relative to 1986-2005 under RCP (Representative
Concentration Pathway) 2.6, RCP4.5, RCP6.0 and RCP8.5 respectively with
considerable anomalies in the rainfall (Figures 2.1 and 2.2) (IPCC, 2014). Therefore,
it can be hypothesized that climate change will substantially affect the ecosystem

services supply in this century.
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Figure 2.1: Projected global average surface temperature change over 2006 to

2100 relative to 1986-2005 (Adapted from (IPCC, 2014b), page 11)
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Figure 2.2: Projected global average surface temperature (a) and rainfall change

(b) Adapted from (IPCC, 2014)

Tropical forests are thus significant for climate change mitigation, but climate change
in turn also influences the temporal dynamics of tropical forests and consequently
their mitigation capacity. Spatial variation in a biotic conditions, for example, soil
fertility and yearly precipitation highly determines spatial variation in biomass
(Malhi, 2012, Poorter et al., 2015), and therefore temporal changes in a biotic
conditions can lead to temporal changes in biomass stocks and other ecosystem
processes. Moreover, biotic conditions, which are properties of the vegetation itself,
for example, species diversity and community weighted mean characteristics, can
determine ecosystem processes and in this way the climate mitigation potential of

tropical forests.

2.3 Ecosystem Services of Kakamega Tropical Rainforest

The idea of ecosystem services is relatively a new science (Fisher et al., 2009)



23

however developing quickly, particularly after the initiative of Millennium Ecosystem
Assessment. The idea of ecosystem service includes both the goods and services that
are utilized by human populace. Examples of goods include: production of timber,
fuel, fish, crops and fodder; examples of services on the other hand include: storm
protection, flood control, cloud formation, and greenhouse gas regulation (Egoh et al.,
2010).At the same time, life sustaining goods and services are essentially ecosystem
services. To do so, they set the condition of “directly consumed” to be as final
ecosystem services. More recently, Fisher et al., (2009) considered all services either

directly consumed or indirectly consumed as ecosystem services.

On the same perspective, weather extremes are well-known to have grave impacts on
agricultural farming. As rural livelihoods become more precarious, rain-fed
agricultural and livestock systems will bear the brunt of climate extremes, adding to
the vulnerability of forest-dependent communities who form a significant portion of
poor rural farmers (Ofoegbu et al., 2016). Specifically, reduced crop vyields
compromise food security, affecting the health conditions of vulnerable groups
including the elderly, women and children (Altieri and Nicholls, 2017). Moreover,
while grazing animals inside forests is a widespread practice among forest-adjacent
communities, biodiversity loss means inadequate pastures and this adds more
psychological pressures on livestock farmers, who will be forced to look for

alternative animal feeds

Ecosystem services research is still in the evolving phase of development across the
world. Internationally, researchers have been evaluating various aspects of Ecosystem
Services, for example, quantifying and mapping Ecosystem Services (Anderson-

Teixeira et al., 2012; Deng et al., 2011; Egoh et al., 2008; Eigenbrod et al., 2010;
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Kalacska et al., 2008; Li et al., 2011; Naidoo et al., 2008), developing practical
frameworks for the appraisal of Ecosystem Services (Posthumus et al., 2010),
describing the nature of relationships between Ecosystem Services and biodiversity
(Egoh et al., 2009; Egoh et al., 2010) and creating models, (for example, In VEST)
and web-based tools, (for example, ARIES) for Ecosystem Services analysis (Johnson

etal., 2012; Nelson et al., 2009; Youn et al., 2011).

People benefit in various ways from ecosystems and the services they offer. While it
has been the subject of investigation since the mid-twentieth century, the idea itself
gained most of its popularity through the work of the Millennium Ecosystem
Assessment in 2005 in which 1300 researchers explored the status of the ecosystem

services in a momentous work (Fisher, 2008).

The findings of MA’s study was that 15 of the 24 ecosystem services internationally
are in decline and that negative impact on human welfare is likely to be expected in
the future. The appraisal suggested for heightened research in measuring, modelling
and mapping of ecosystem services. By doing so, the 1300 researchers moved the
science encompassing the idea significantly forward and stirred the desire for many
that this framework would give a new and generous source of conservation financing.
It started a great volume of work being conducted in the field (Simpson, 2011). The
same scenario has also been reported from the temperate forested landscapes and from
forests in California (Shaw et al., 2011). It is still unclear about what will be the
pattern for tropical forest ecosystem services under future climate change scenarios.
Over the period 1880 to 2012, the mean global surface temperature has increased by

0.85°C (IPCC, 2014).
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Ecosystem services are at the focal point of the idea of Ecosystem-based Adaptation.
Since the publication of two seminal studies about ecosystem services two decades
ago various categorization systems were produced for policymaking, scientific
analysis, and economic valuation. Four classifications of ecosystem services are now
broadly distinguished (Costanza et al., 2017): supporting, regulating, provisioning and
cultural services. However, harnessing these services often requires combination of

ecological processes with built, human and social capital.

First and foremost, provisioning services, combined with built, human and social
capital, produce, for example, timber, fibre and food. Secondly, regulating services,
combined with built, human and social capital, produce water regulation, human
disease regulation, flood control, storm protection, water purification, pest control, air
quality maintenance, climate control and pollination (Costanza et al., 2017). Thirdly,
cultural services, combined with built, human and social capital, offer cultural
identity, recreation, scientific, aesthetic, sense of place, or other ‘cultural’ benefits.
Lastly, supporting services describe the basic ecosystem processes such as
provisioning of habitat, nutrient cycling, soil formation and primary productivity.
They contribute indirectly to human wellbeing by maintaining the processes and
functions necessary for provisioning, regulating, and cultural services (Costanza et al.,

2017).

Ecosystem services vary with regard to their private or public good attributes that is
whether their consumption is excludable and rival. Most provisioning services are
‘private goods’, or can at least be privatized, that is individuals or private enterprises
control the means of production and supply chains (Paudyal et al., 2016). On the
contrary, most regulating services are ‘public goods’ that is goods that are non-

excludable and from which multiple users can simultaneously benefit. Most cultural
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services consist of a mix of private and public goods (Costanza et al., 2017; Paudyal
et al., 2016). Some elements of adaptation to climate change are public goods, for

example, the conservation of important habitats and common cultural heritage.

The idea of ecosystem services is usually utilized these days to show the connection
between the functioning of ecosystems to human prosperity (Fischer et al., 2009). For
example, Ecosystem services as the conditions and processes through which natural
ecosystems and their constituent species support and satisfy human life; Ecosystem
services as the advantages human populace derive, directly or indirectly, from
ecosystem functions; Ecosystem services as the benefits individuals get from
ecosystems, and Ecosystem service as the ecological components/ items directly

consumed or enjoyed to contribute to human prosperity.

Fischer et al., (2009) contend that any endeavor at classifying ecosystem services
ought to be a function of both ecosystem and ecosystem service attributes. The
decision making context for this is determined by the following: benefits from rival
and excludable goods, spatial and temporal dynamism of ecosystems and their
services, multiple services produced by multiple ecosystems, ecosystem complexity
structure, process and service, and benefits dependent upon understanding of

ecosystem services.

For the majority, ecosystem services is a promising strategy to look at nature from a
more economic point of view — a strategy that would enable pricing of nature. The
expectation is that ecosystems and their services would get a different sort of thought
in the political field if it would be possible to put a hard monetary number on an
ecosystem service. For instance, if it would be possible to assess the value of the

water filtration that a certain ecosystem in a region provides were it preserved, this
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number could potentially be compared to alternative options to purify the water

(Chong, 2014).

Supporters of the idea contend this would be a good method of quantifying the value
of ecosystems and by doing so, it would give sound economic reasons for
conservation. This line of argument is easy to follow and makes a lot of sense at first
glance, but what if an assessment reveals that the monetary value of the services of a
certain ecosystem is incredibly low, would this automatically mean that this
environment is not worth protecting? What about intrinsic values of nature, could they
be accounted for? This is one of the core criticisms that the concept receives — it
fundamentally adopts a utilitarian, anthropocentric conceptualization of the

relationship between ecosystems and human well-being (Chong, 2014).

Technical and ethical constraints are being ascribed to the operationalization of the
ecosystem service structure in the processes of decision making (Adams and Redford,
2009). Conservationists articulate the fear that if governments and businesses can be
persuaded to mainstream monetary evaluation of ecosystem services, they are likely
to do their sums rather quickly. This may lead to a scenario in which diverse
ecosystems that produce economic returns will be preserved and those that do not
would be either converted or transformed in order to increase returns (Adams and

Redford, 2009).

The discussion surrounding the framework highlights the challenges of balancing
ecocentric and anthropocentric views regarding biodiversity conservation and
ecosystem management(Chong, 2014). The discussion sets aside the framework and
has managed to point out the essential services ecosystems provide and received

international attention by communities and decision makers — successfully increasing
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the significance of nature conservation on policy agenda globally (Chong, 2014). In

relation to Ecosystem-based Adaptation, Chong (2014) states that:

”Ecosystem-based Adaptation, as an extension of the ecosystem services
framework, similarly has the potential to inspire efforts to confront the impacts
of climate change and acknowledge the importance of nature to supporting
societal adaptation” (Chong, 2014).

Majority of the country side households in developing countries and Kenya
specifically are predominantly engaged in diverse livelihood strategies and activities.
One of these ways is the extraction of forest products and which gives a substantial
contribution to their well-being (Babulo et al., 2009). Other livelihood ways include
trading, livestock husbandry, crop cultivation and unskilled jobs. A livelihood is
defined as comprising the capabilities, assets and activities required for a means of
living’. Livelihoods are considered to be sustainable when they can cope with and
recover from stress and shocks and maintain or enhance their capabilities and assets

both now and later on.

In recent years the importance of non-timber forest products (NTFPs)
commercialization as a technique to reduce poverty and conserve forests has become
prominent (Brown and Lassoie, 2010)as the dependence of poor rural livelihoods on
forest income increases. Likewise, Babulo et al., (2009), after sampling 360 rural
households in 12 villages in northern Ethiopia, found that income from forest
products occupied the second largest share of the mean total household income after
crop income. Numerous governments in Africa also value timber production for
income generation more than any other forest ecosystem services, whereas livelihoods
in many rural communities in Africa depend to a greater extent on NTFPs for

subsistence and income generation (Babulo et al., 2009). This is similar with the
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international pattern for which the highest proportion (30%) of the functions of the

world’s forests is designated for production of timber and also NTFPs (FRA, 2010).

The human effect on planet Earth is increasing quickly, with regard to both scale and
intensity (Steffen et al., 2011, Malhi et al., 2014). One of the significant human-
instigated impact is worldwide climate change. To keep climate change within safe
limits (Rockstrom et al., 2009), global leaders have been discussing alternatives to
mitigate and adapt. A significant step was made during the Conference of the Parties
(COP) of the United Nations Framework Convention on Climate Change (UNFCCC),
in December 2015 in Paris. Here, 196 nations agreed to lessen greenhouse gas
emissions and increase Carbon dioxide removal from the atmosphere, with the
ultimate objective to keep worldwide temperatures from rising by more than 2°C
(United Nations, 2015). Carbon dioxide removals from the atmosphere are naturally
done by growing vegetation, through the process of photosynthesis. VVegetation types
that store and remove a lot of Carbon dioxide, for example, tropical forests, are

therefore highly relevant for climate change mitigation.

Tropical forests contribute to climate change mitigation in three different ways. In the
first place, biomass in tropical forests contains about 25% of all carbon on just about
12% of the region in the terrestrial biosphere, which implies that forestalling
deforestation and forest degradation can lessen Carbon dioxide emissions. Second,
tropical forests are Carbon dioxide 'sinks', implying that they remove net Carbon
dioxide from the atmosphere, and utilize this in photosynthesis to produce additional

aboveground and belowground biomass (Brienen et al., 2015, Poorter et al., 2016).

During the early twentieth century, standing old-growth tropical forests removed 1-

1.2 Pg carbon y-1 and regrowing (or secondary) forests another 1.2-1.7 Pg y-1, which
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was about 24% of the worldwide yearly anthropogenic carbon emissions (Canadell
and Schulze 2014, Goodman and Herold 2014). Third, tropical forests reduce
worldwide temperatures because of high evapotranspiration rates. High
evapotranspiration directly affects temperatures through evaporative cooling, and an
indirect impact through increasing cloud and rainfall formation and sunlight reflection

which, in turn, decrease global temperatures (Alkama and Cescatti 2016).

A part from their climate mitigation capacity, tropical forests are crucially important
for various other functions that are relevant at local and global scales, such as timber
and non-timber forest products and pollination (Alkama and Cescatti, 2016).
Globally, the livelihood of more than a billion people depends directly on forests
(FAO, 2016), with most of them living in the tropics. Forest functioning ultimately
depends on ecosystem processes, which are fluxes of carbon, water and nutrients at
the ecosystem level. To guarantee forest functioning, we thus need to understand what

mechanisms determine ecosystem processes.

Tropical forests are significant in addressing global climate change (Lewis et al.,
2009). At the global level, forest ecosystems could play a significant role in
atmospheric carbon sequestration. On the other hand, vulnerable poor communities
rely upon forest goods and services to adapt to impacts of climate change at the
national and local levels, which the current study addresses. The idea of ecosystem
services gained more attention after the Millennium Assessment defined it (TEEB

Foundations, 2010; TEEB Synthesis, 2010; Ninan, 2014).

Ecosystem services got from the natural capital, which adds to accomplish human
prosperity by interacting with built capital (financial and manufactured capitals),

social capital, human capital and natural capital (Ninan, 2014). However, human well-
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being, livelihoods and ecosystems around the globe are being threatened by climate

change and climate related disasters (Lo, 2016).

The MA (2005) showed illustrated ecosystem services as the benefits people acquire
from ecosystems. This idea is easily comprehended and conceptually simple but
covers most of the services benefitting human beings; hence the MA approach is
widely utilized in ecosystem services research (Baral et al., 2014; Burkhard et al.,

2012; Pert et al., 2015).

Plate 2.3: The Kakamega Tropical Rainforest is a magnificent habitat for
biodiversity
Source: Researcher (2021)

The supply of ecosystem services in a forested landscape varies due to differences in
vegetation type and cover (Burkhard et al., 2012; de Groot et al., 2010), and
environmental factors and forest management systems (Palomo et al., 2013). The
interaction among ecosystem services may also be different depending on the
ecosystem services under consideration (Harrison et al., 2014). Therefore, a solid

understanding of the distribution of ecosystem services across the forested landscape,
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together with quantifying interactions between ecosystem services and environmental

drivers is enormously important.

However, very little is known about ecosystem services science in tropical forests
(Alamgir et al., 2014; Seppelt et al., 2011; Seppelt et al., 2012). The heterogeneous
tropical forested landscape of the Kakamega Tropical Rainforest may provide an

opportunity to understand the process and interactions of multiple ecosystem services

supply, thereby contribting to this kanede gap.

Plate 2.4: The damage of forest canopies in the Kakamega Tropical Rainforest
Source: Researcher (2021)

Kakamega Tropical Rainforest includes a large variety of ecosystems (Pittock et al.,
2012) and its natural ecosystem is one of the most vulnerable segment to climate
change (Smith and Ash, 2011). Under the most recent climate change projections
(IPCC, 2014),the ecosystem services supply from forested landscapes is likely to be
under more pressure in this century. However, the trend is yet to be explored for most
terrestrial forest ecosystems, particularly for remaining areas of tropical forest of

global significance.
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Each forest type forms a habitat for a specific community of animals that are adapted
to live in it as shown in figure 2.3. The term forest implies ‘natural vegetation’ of the
region, existing from thousands of years and supporting a variety of biodiversity,
forming a complex ecosystem. Forests provide various natural services and products.
Many forest products are used in daily life, play important role in maintaining
ecological balance, and contributes to economy (State of Environment Report — India,

2009).

Tropical rainforest assumes a significant role in the worldwide carbon cycle
(Huntingford et al., 2013), accounting for a large portion of global Net Primary
Productivity (NPP) and bringing down atmospheric CO; levels. The Central
American rainforests are mainly found on the Caribbean watersheds of Panama, Costa
Rica, Honduras, Belize, and southern Mexico. The area is a global biodiversity
hotspot that is highly threatened by change of land use. In Central America, impacts
like those that happened during El Nino years are likely to increase under future
climatic scenarios (Karmalkar et al., 2011). Similar to the Amazon, Central America
is subject to potentially large losses of forest biomass under increased drying and

warming scenarios in the twenty-first century (Lyra et al., 2016; Imbach et al., 2012).

The MA (2003, 2005) was the first global dynamic and integrated document that
reported on Ecosystem Service research globally. It established Ecosystem Service as
a policy tool for sustainable natural resource management (Seppelt et al., 2011) as
well as providing scientific evidence for policy makers about the consequences of
changes of Ecosystem Service to human wellbeing (Pert et al., 2010). Scientists and
policy makers have continued to conduct further ES research as of late (Fisher et al.,
2009). For instance, Seppelt et al.’s (2011) global review on ES studies evaluated the

current trend, spatial distribution, weakness and future direction of ES research, whilst
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Egoh et al., (2007) completed a global review on ES studies, focusing on conservation

assessment.

Many studies refer to the key role of ecosystems in climate change adaptation and
disaster risk reduction, since ecosystems provide many ecosystem services, including:
natural protection against hazards, climate and water regulation, carbon sequestration,
and pest regulation. In addition to this, management of ecosystems increases the
resilience of the ecosystems and communities to climate change and disasters

(Munang et al., 2013).

2.4 Impacts of Climate Change on Kakamega Tropical Rainforest Ecosystem

Climate change has increased the risk of catastrophic natural disasters all over the
globe(Kabubo-Mariara and Kabara, 2015). Despite the fact that the impacts of the
changes are worldwide, developing countries are more in danger, basically on account
of their high reliance on natural resources, poverty, low capacity to adapt (Bryan et
al., 2013; Kabubo-Mariara and Kabara, 2015), lack of technological capability
(Mwendwa and Giliba, 2012) and the presence of environmental stress (Norrington-
Davies and Thornton, 2011). Also, almost no data about the change and applicable
mitigation and adaptation measures fuel the circumstance in developing countries.
Despite the fact that agriculture remains the backbone of Kenya’s economy directly
and indirectly supporting more than 75 percent of the Kenyan populace (FEWS NET,
2013), the sector’s reliance on natural resources makes it very vulnerable to the

impacts of climate change and variability.

Perhaps, the most severe is the impacts of weather extremes on NTFPs, which are
becoming scarcer by the day. Changing climate patterns cause biodiversity loss, as

forest plant species become extinct, leading to further ecological destabilization and
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an alteration of community livelihoods in the affected areas (Dube et al., 2016).
However, Seppala et al. (2009) notes that climate change effects on NTFPs are still
not clear, as there is still uncertainty regarding the ecological effects. Needless to say,

NTFPs thrive on the delicate balance of natural factors.

The direct impact of climate change on human health is rather small at this point in
time; it is the indirect effects that matter more — for example the effects on ecosystems
on which people rely. Various levels of government are starting to develop adaptation
plans and policies by integrating them into broader development plans. This suggests
that governments are trying to integrate climate change considerations into

development planning (IPCC, 2014).

The impacts of climate change may have direct impacts on vegetation, like, changes
in productivity, functional trait composition and species extinction or range
redistribution. These changes might be associated with increased drought stress
(Malhi et al., 2009), drying or dieback. Climate change can also have indirect impacts
on vegetation, for example, increased fire frequency. Worldwide and regional climate
simulations for the next few decades project changes in precipitation and warming

that may seriously impact major biomes all over the world (IPCC, 2013).

Climate change impacts are expected to disproportionally worsen poverty conditions,
especially in rural areas that have natural resources-based economies likely to be
negatively affected by flooding and drought that further exacerbate their poverty
(Olson et al. 2014). According to the International Panel on Climate Change (IPCC),
climate change adversely influences poor livelihoods and assets by mainly negatively
affecting agricultural production and food price, and through climate disasters

(Olsson, et al. 2014, Hertel, et al. 2010). Rural households’ livelihoods, such as
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planting crops, extracting forest products and raising livestock, largely depend on
natural resources, making them generally more exposed and sensitive to climate

variations and climate disasters.

Tourism is another key sector in Kenya’s economy contributing 10 percent of
Kenya’s GDP (GoK, 2013). However, the sector is highly susceptible to climate
change and variability, since there will be shift of ecosystem boundaries in natural
habitats and increased extinction rates of some species (Reid, 2004). There may be a
reduction of landscape aesthetics and higher incidence of vector-borne disease
(Kithiia, 2011; GoK, 2013). There is growing evidence that the world is already
locked into warming of close to 1.5°C above pre-industrial levels, getting effective
methods for adaptation that are also cost-effective has become both urgent and
essential (World Bank, 2014). As weather extremes become more common, and
increased climate variability increases risks to energy security, water, and food,
harnessing the power of nature through EbA is important to help address these

challenges.

Shaw et al.,, (2011) have evaluated the climate change impact on California's
Ecosystem Service under IPCC (2007) high and low greenhouse gas emission
scenarios using Dynamic Global Vegetation Model (DGVM). They have discovered
that the provision and value of Ecosystem Service will decrease under most of the
future greenhouse gas trajectory. Ding and Nunes (2014) have as of late modelled the
impact of climate change on Ecosystem Service across European forests. They have
discovered that climate change impacts on Ecosystem Services are regionally specific.
They have additionally discovered a solid relationship between temperature and the
value of Ecosystem Services; however the direction of the relationship may be either

positive or negative depending on the type of Ecosystem Service under consideration.
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Other than the climate change alleviation capability of tropical forests, tropical forests
are also significantly influenced by worldwide climate. Increasing atmospheric
Carbon dioxide concentrations, increasing temperature, and changing rainfall patterns
will pose a challenge to the functioning of forests (Brienen et al., 2015). Whether
ecosystem functioning will be maintained depends on whether species can adapt or
acclimate to new a biotic conditions, and/or whether species composition can change
so that better adapted species become more dominant. The questions are, therefore,
how tropical forests respond to changes in abiotic condition, and how biotic
conditions (for example the type and assorted diversity of species) contribute to this

response capacity.

Evidence is increasing that old-growth tropical forests are not in a stable state but are
accumulating biomass (Brienen et al.2015) and are changing in species composition
(for example Enquist and Enquist 2011, Feeley et al., 2011). In accordance with the
insurance theory (Yachi and Loreau 1999), several studies in grasslands and
temperate forests find that biotic conditions, particularly species and trait diversity,
are important for increasing the long-term stability of ecosystem processes (Hector et

al. 2010, Morin et al. 2014).

This phenomenon, however, has yet not been demonstrated for tropical forests
because, due to their high diversity, high structural complexity, and the long turnover
time of most tropical tree species, it is difficult to assess this relationship empirically.
Global dynamic vegetation models that include realistic levels of diversity
(Sakschewski et al., 2015) may provide an opportunity to evaluate effects of diversity
on the long-term stability of tropical forests. This knowledge is crucial because
tropical forests are important for global climate now, and should be so too in the

future.
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Biodiversity misfortune and Climate change are among the primary worldwide
challenges within recent times; the two, suggest the likely reduction in capacity of
ecosystems and debasement of ecosystem functions and services (Steffen et al.,
2015). While climate change mitigation involves mediations to lessen the sources or
to upgrade the sinks of ozone depleting substances (Victor et al., 2014), climate
change adaptation is commonly characterized as 'modifications in human or natural
systems in light of expected or real climate stimuli or their impacts, which moderate

damage or endeavor openings'.

2.5 Ecosystem-based Adaptation to Climate Change in Kakamega Tropical
Rainforest

There are varying definitions of the idea of Ecosystem-based Adaptation — while at

the same time a common, generally accepted definition of the idea is missing

(UNFCCC SBSTA, 2013). The most cited definition in the scientific literature is

noted by the CBD in 2009. It explains that:

“Ecosystem-based Adaptation is the use of biodiversity and ecosystem
services as part of an overall adaptation strategy to help people to adapt to the
adverse effects of climate change. Ecosystem-based Adaptation uses the range
of opportunities for the sustainable management, conservation, and restoration
of ecosystems to provide services that enable people to adapt to the impacts of
climate change. It aims to maintain and increase the resilience and reduce the
vulnerability of ecosystems and people in the face of the adverse effects of
climate change.”(CBD, 2009, p. 41).

Ecosystem-based adaptation is most appropriately integrated into broader adaptation
and development strategies (Renaud et al., 2016). Based on their concepts the main
difference between them is that each approach addresses a specific issue, Disaster

Risk Reduction (DRR) and Climate Change Adaptation (CCA) (Renaud et al., 2016).

One year after framing it in this manner, the explanation was further elaborated by the

Convention of Biological Diversity at the 10th CBD COP that was held in Nagoya,
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Japan. In decision X/33 it is documented that the Conference of the Parties

recognizes, that the ecosystem-based approach:

“may include conservation, restoration of ecosystems, and sustainable
management, as part of an overall adaptation strategy that takes into account
the multiple cultural, economic and social co-benefits for local communities. ”
(CBD, 2010, p. 3).

There exist other definitions that are different slightly from the one of the CBD, for
example, Jones et al (2012) avers that Ecosystem-based Adaptation measures harness
the capacity of nature to buffer human communities against the adverse impacts of
climate change through the sustainable delivery of ecosystem services. As such,
Ecosystem-based Adaptations are generally deployed in the form of targeted
management, conservation and restoration activities, and are often focused on specific
ecosystem services. According to Ahmmad et al., (2013), Ecosystem-based
Adaptation refers to use of natural resources through conservation and enhancing
resilience of ecosystem to buffer the worst impacts of climate changes on species and

well-being of community.

United Nations Framework Convention on Climate Change technical workshop of the
Subsidiary Body for Scientific and Technological Advice in Bonn in 2013 on
Ecosystem-based Adaptation, an interesting outcome was documented that critically
reflects on the strong anthropocentric notion of the concept. Seventy-three
representatives had attended the workshop from Parties with relevant international,
non-governmental organizations and intergovernmental that are active in the fields of
climate change impact and vulnerability assessment, and adaptation planning and
practices including those related to ecosystem-based approaches for adaptation

(UNFCCC SBSTA, 2013).
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Those who participated in the workshop noted that when defining ecosystem-based
approaches for adaptation, there must be a shift from a purely anthropogenic
perspective to one that embraces both ecosystems and people. In addition, the
participants pointed out that a conceptual separation between adaptation of
ecosystems and ecosystem-based approaches for adaptation is required, while
recognizing the broader role that ecosystems could play in actions to ameliorate the
impacts of climate change (UNFCCC SBSTA, 2013). This articulation of the need to
reconsider the conceptual design of the Ecosystem-based Adaptation could be the
beginning of a conceptual discussion over the concept. It shows clearly that the

concept is currently in its nascent stages.

According to Doswald et al., (2014) some organizations still conceptualize
Ecosystem-based Adaptation as the adaptation of ecosystems to climate change,
rather than the use of ecosystems for human adaptation to climate change. Here, the
use of the word ‘still’ is particularly interesting as it suggests to the reader that ‘only
some organizations do not entirely fathom what the concept is all about and may
apply it in a wrong way’. The paper argues that there are a number of studies trying to
catalyze the understanding of the concept by formulating guiding principles and
guidelines, but still there is a confusion about the meaning. The necessity remains to
work further on the conceptual outline of the concept of Ecosystem-based Adaptation
in order to bring all sides on the same page (Doswald et al., 2014). Framing it from an
ecocentric perspective would imply that the concept means an adaptation of

ecosystems to the change of climate.

Renaud et al.,(2016) defines Ecosystem-based Disaster Risk Reduction (Eco-DRR) as
the sustainable management, conservation, and restoration of ecosystems to reduce

disaster risk, with the aim of achieving sustainable and resilient development. After
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finding many converging points between these two approaches, another concept has
arisen to emphasize the benefits that ecosystem-based approaches provide to achieve
both DRR and CCA. Finally, Eco-DRR/CCA complements other disaster risk
reduction and climate change adaptation measures. In addition, ecosystems provide
other co-benefits to societies such as water and soil protection, contribution to

sustainable livelihoods, carbon storage and sequestration (Lo, 2016).

Considering change of climate in development activities could add a long term
sustainability component to official development assistance. However, national
governments and development agencies challenged to practice a ‘no-regrets’ climate
change interventions that should reduce rather than increase vulnerability to climate
change (Heltberg et al., 2009). Vulnerability to climate change can be minimized by
adaptation to the impacts of climate change and mitigation of greenhouse gas
emissions. It can also be reduced by development aimed at improving the living
conditions and access to resources for those experiencing the impacts, as this will

enhance capacity to adaptation (Ayers and Huqg 2009).

Adjusting to a change in climate requires a blend of approaches, from man-made
infrastructure to all-encompassing methodologies (UNEP, 2012). The United Nations
Environmental Program (UNEP) is investigating the practices and standards of
another idea that incorporates ecosystem management practices into climate change
adjustment plans (UNEP, 2012). Ecosystem based Adaptation (EbA) is a novel way to
deal with planning and adjustment that recognizes ecosystem services, upgrading

biodiversity, human health and wellbeing as prosperity areas (Colls, et al. 2009).

Some researchers have evaluated the impacts of different climate change scenarios on

alternative spatial policy options (Bryan et al., 2011), mapped ecological values of
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habitat of threatened species due to climate change (Bryan et al., 2011), examined the
variation of nutrient retention in tidal mangroves with rainfall variation (Adame et al.,
2010), considered species’ responses to climate change as one of the indicators for
investment decisions (Crossman et al., 2011), conceptualized the adaptive capacity
through learning from historical examples (Bussey et al., 2012), and assessed
usefulness of agro forestry systems for carbon sequestration and other Ecosystem

Services in the face of climate adaptation and mitigation (George et al., 2012).

Bennett et al., (2009) in a survey, presented three hypotheses to accomplish improved
management of relationships among multiple ecosystem services. First and foremost,
an integrated socio-ecological strategy may give a superior evaluation or
identification of relationships. Secondly, understanding the mechanisms that influence
responses of multiple services to a specific driver may help identify points of
management intervention that can yield maximum benefits. Thirdly, managing the
relationship among ecosystem services can enhance ecosystem resilience and
continuous provision of services, and prevent a sudden shift in the provision of

gcosystem se rvices.

Climate change adaptation integrates a variety of measures. They can be broadly
classified into 'hard' and 'soft' approaches. 'Hard' approaches focus on engineering and
physical solutions while 'soft' approaches for the most part center around institutional
functions, capacity building, information and policy (Jones et al., 2012). In the
extensive field of climate change adaptation practices, Ecosystem-based ways to deal
with climate change adaptation are measures which use ecosystem services to achieve
or bolster adjustment to climate change. There is developing enthusiasm for the

capability of Ecosystem-based measures, either combined with or subbing other
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innovative engineered and technological solutions, to guarantee security of benefits
and the wellbeing of the population, including ecosystems and their services (Noble et

al., 2014).

Conceptually, Ecosystem-based Adaptation is grounded in the ecosystem services
idea. Ecosystems are comprehended as dynamic complex of plant, animal and micro-
organism communities and their non-living environment, which interact as a
functional unit. Ecosystem services are the ecological characteristics, processes or
functions that directly or indirectly contribute to human wellbeing that is to the
advantages that individuals get from functioning ecosystems (Folke et al., 2010). In
this context, Ecosystem-based Adaptation also builds on ideas like disaster risk
reduction where ecosystems are deployed in risk reducing measures, and resilience
which emphasizes that the services of well-functioning ecosystems strengthen the
capacity of socio-ecological systems to remain within a stability domain, continually

changing and adapting yet remaining within critical thresholds (Folke et al., 2010).

Ecosystem based Adaptation, purposively uses ‘green infrastructure’ and ecosystem
services to increase human societies’ resilience in the face of climate change. Hence,
EbA is an anthropocentric approach concerned with the way ecosystems can help
people adapt to both current climate variability and future climate change (Lemos et
al., 2016). Its main objective is always to reduce the vulnerability of people towards
the effects of climate change. EbA is complementary or even substitutes other

adaptation measures, such as hard or ‘grey’ infrastructure measures.

Additionally, the ecosystem-based, natural solutions tend to generate valuable co-
benefits, such as food production, carbon sequestration, orbiodiversity conservation,

and are often more cost efficient. For instance, it has been found in Vietnam that
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planting and maintaining mangrove forests to act as breakwaters and protect the coast
is significantly cheaper (costing 1.1 million US dollars for 12,000 hectares) than
mechanical repair of wave-induced dyke erosion (costing 7.3 million US dollars

annually) (The Economics of Ecosystems and Biodiversity, 2009).

Since 2010, a number of policy initiatives have been undertaken in Europe to
invigorate implementation of Ecosystem-based Adaptation, for example through the
European Union technique on adaptation to climate change which has focused on
considering private organizations, civil society and practitioners in conservation (EC,
2013). Besides, the European Union came up with a research and innovation plan
strategy for the later idea of 'nature-based solutions’ (NBS) including business
partners, societal and policy. The Nature Based Solutions strategy builds on the ideas
of EbA and ecosystem services. Nature based solutions alludes to activities which are
upheld by, aroused by or duplicated from nature, that is, got from the perception of
natural materials or processes. Since NBS defenders had proclaimed climate change
adaptation as one of the primary areas of use, implementation of NBS both at the
policy level and task level is additionally significant for the uptake of EbA in policy

and practice (EC, 2015).

EbA utilizes ecosystem services and biodiversity to help individuals to adjust to the
unfavorable impacts of climate change (Secretary of Convention on Biological
Diversity, 2009) and regularly overlaps with other socio-economic goals, for example,
sustainable development and poverty reduction (Munang et al., 2014). In China,
poverty largely overlaps with ecologically vulnerable regions that are sensitive to
climate change (Oxfam 2009). China's southwest mountainous region, albeit high in

biodiversity, is one of the most ecologically vulnerable regions in the country.
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Adaptation planning typically incorporates “hard” and “soft” approaches. Soft
approaches are usually employed first and refer to policy and behavioural changes
(Clark et al., Jones, Hole, and Zavalta, 2012). Hard infrastructure refers to manmade
infrastructure, such as “dams, irrigation systems, reservoirs, dykes, seawalls, levees,
river channelization, and rip-rapping (Clark et al, 2012). Jones et al. (2012) considers
EbA approaches the third category of adaptation approaches, as it requires a
combination of both hard and soft approaches. As Jones et al. (2012) explains, “EbA
is generally deployed in the form of targeted management, conservation and
restoration activities, and are often focused on specific ecosystem services with the

potential to reduce climate change exposures”.

Ecosystem based Adaptation is a novel strategy to planning and adaptation that
prioritizes ecosystem services, enhancing biodiversity, as well as human health and
wellbeing (Colls, Ash, and lkkala, 2009). The idea evolved from the association
between Ecosystem Based Management and climate change adaptation actions.
Ecosystem Based Management (EBM) is “an adaptive way to managing human
activities that seeks to ensure the coexistence of healthy, fully functioning ecosystems
and human communities. The intention is to maintain those spatial and temporal
attributes of ecosystems such that component species and ecological processes can be

sustained, and human wellbeing supported and improved” (Price et al., 2008).

As depicted above, climate change adaptations are activities taken to mitigate the
negative impacts or take advantage of new opportunities of climate change.
Ecosystem based Adaptation is a combination of both of these EBM and climate
change adaptation and remains relatively new in practice but is being deemed “a cost
effective operational tool that can complement, if not substitute, traditional hard

infrastructure practices” (UNEP, 2012).
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Traditionally, EBM is applied in resource management issues from forestry to
fisheries practices. EBM is a planning approach that incorporates multiple issues into
one management strategy, from individual species to whole ecosystem functions
(Travers, Elrick, Kay, & Vestergaard, 2012). EBM is an innovative management
regime because it acknowledges the rich complexity of ecosystems and attempts to
identify, protect, and where necessary, restore important interactions. More
specifically, EBM considers human activity in the specific management context and

allows multiple activities to be managed for a common outcome (UNEP, 2012).

EBM focuses on a holistic approach to support an optimal management response
(Travers, Elrick, Kay and Vestergaard, 2012). When climate change adaptation and
EBM are practiced in tandem, the result should be a systems-based strategy “that
considers all significant drivers and reactions to change, including, climate-driven
change, disaster risk response, climate variability, and broader long-term socio-
economic change” (Travers, Elrick, Kay and Vestergaard, 2012). A fundamental
feature of Ecosystem based Adaptation is the consideration of existing ecosystem
services and how they are used for human wellbeing (Huq et al., 2013; Munang et al,

2013).

National Adaptation Plan (NAP) system in Colombia was developed by the
government in 2011 to address climate change, defining guidelines for various
segment and regions to lessen vulnerability and incorporate climate change and
climate variability in their planning approaches. In total 11 territorial climate change
adaptations have been formulated (Huq et al., 2013). The EbA and Eco-DRR
measures currently implemented include: rehabilitation of wetlands to reduce flooding
risk and drought related to climate change and variability, and adaptation measures to

mitigate climate change on the water yield and hydrological regulation capacity of
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wetlands and high mountain ecosystem. Other key ecosystems they considered are
Moors (Paramo, Andean woodlands), high Andean forest, cloud forest and tropical

forest (Lo, 2016).

Restoration of highly degraded dry forests in Colombia was implemented by the
Alexander von Humboldt Research Institute of Biological Resources, along with other
institutions in the Ituango Municipality, Department of Antioquia (McBreen, 2016).
The restoration activities will be accomplished through three pilot projects to
compensate environmental harm brought about by the construction of a reservoir, and
to add to the conservation of the delicate dry forest ecosystem of the region. The

project will work as a reference for compensation (McBreen, 2016).

Some examples of ecosystem-based approaches for adaptation include: the
maintenance and restoration of “natural” or ‘“green” infrastructure for example
mangroves, coral reefs as well as watershed vegetation as buffer zones that reduce
climate risks (e.g. the use of coastal ecosystems to reduce risk of flooding and erosion
from storm surges and rise in sea-level); the maintenance of agricultural landscapes to
support productivity and avoid soil erosion under changing conditions e.g.
introduction of agro forestry and soil conservation practices in the upstream areas of
water catchments to avoid soil erosion, siltation, and large changes in hydrological

regime (CBD, 2009).

While adopting this approach is cost-effective and locally appropriate, it also
contributes to reduction of biodiversity loss and maintaining or improving ecosystem
services that support livelihoods and economic activities (for example fish spawning
as well as nurseries in protected mangroves and tourism in sustainable managed

coastal areas) (CAN, 2009). Thus, this approach can serve multiple roles and gives



48

multiple benefits (for example conservation of tropical forests supports a range of
products critical for poor communities, protects against erosion, contributes to
mitigation through both maintaining and increasing carbon storage, increases water
storage capacity, provides wood fuel, maintains biodiversity and offers renewable raw
materials and shelter) (CAN, 2009). Given the above, this approach is not only of
high value for adaptation, but is aligned with local needs, capabilities and

development objectives.

Convention on Biological Diversity explained the idea of Ecosystem based
Adaptation in the year 2009 and on its twelfth COP in 2014, advances a stronger
purpose for biodiversity conservation and implementation of EbA to climate change
mitigation and adaptation, so as to enhance disaster risk reduction in local and
national strategies as well as in National Adaptation Plans (NAPs) (Estrella et al.,
2016). Ecosystem-based Adaptation (EbA) utilizes biodiversity and ecosystem
services as part of an overall adaptation strategy to assist people and communities
adapt to the negative impacts of climate change at local, national, regional and global

levels (UNEP, 2014).

Approaches include sustainable management, conservation and restoration of
ecosystems for the purpose of providing services to help people adapt to climate
change impacts. Specifically, for terrestrial forest communities, EbA may include
interventions of conserving or restoring forest on the land slope to reduce landslides
or losses of water (Pramova et al. 2012); or developing diversified agroforestry to
deal with climate variability (Thorlakson, T. and Henry, N. 2012); and conservation
of agro biodiversity to give particular gene pools for crops or livestock to adapt to

climate change.
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EbA as a natural answer to climate change has been acknowledged to also have many
co-benefits beyond the adaptation (UNDP 2015). Studies have shown that EbA can be
more cost-effective and accessible to rural communities than adaptation interventions
that use hard infrastructures or engineering methods (Jones et al. 2012, Vignola et al.
2015). In rural areas, Ecosystem based Adaptation usually overlaps with other socio-
economic goals such as sustainable development and poverty alleviation, especially
for smallholder farmers (Munang et al., 2014). In terms of evaluating the outcome of
EbA, 63% of peer-review papers and 31% of grey literature show quantifiable

evidence of success (Doswald, 2014).

Additional ways in which ecosystems function that can be connected to climate
change disaster risk reduction is the protection of forests against landslides or
avalanches in mountainous areas for example measures are being implemented in the
Alp area by the Swiss government to protect villages (Uy, 2012). Catchment areas
forests can decrease the risks of floods by increasing infiltration of rain and delaying
peak floodwater flows. Floodplains as well as Wetlands can control floods in coastal
areas or inland river basins. In dry lands, vegetation cover can function as physical

firebreaks, ameliorate droughts and control desertification (Uy, 2012).

Munang et al.,(2013)points out that Ecosystem based Adaptation gives a lasting and
sustainable set of solutions in a cost effective manner to deal with climate change and
sustainable development constraints. It is pointed out that in situations where
measures of hard infrastructure utilized to be implemented, for example for coastal

protection — ecosystem-based solutions could offer a cost effective alternative.

The major benefit of Ecosystem based Adaptation over other adaptation strategies is

the provision of multiple co-benefits to society (Munang et al., 2013). Emerging
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literature promotes Ecosystem based Adaptation as applicable to both developed and
developing countries (Munang et al., 2013). The co-benefits of Ecosystem based
Adaptation help attain multiple policy and environmental goals to address climate
change. For instance, protecting or restoring natural infrastructure such as barrier
beaches, mangroves, coral reefs, and forests buffers human communities from natural

hazards, erosion, and flooding (Munang et al., 2013).

A part from economic and environmental advantages of Ecosystem based Adaptation,
there is tremendous opportunity to improve the social experience of people residing in
close proximity or visiting green spaces in urban regions. The significance of green
spaces and intact ecosystem for residents are many and extensively cited in the
literature (EImqvist, 2015; Zupancic, 2015; Demuzere et al., 2014; Zhou and Parves,

2012).

Ecosystems that are health can play an important purpose in disaster risk reduction.
They can serve as natural buffers or protective barriers to floods and landslides. They
can also effectively serve as water filtration and absorption systems (Renauld et al.,
2013). Ecosystems that function fully can additionally build resilience against
disasters by sustaining human livelihoods and giving essential goods to local
populations, such as food and shelter. As a result, the Ecosystem based Adaptation
and Disaster Risk Reduction practitioner communities are now joining together to
explore how to better use nature-based measures to reduce the damage caused by

disasters, involving those increased by climate change (Zhou and Parves, 2012).

In order to understand the interactions between climate change, disasters, and
ecosystems, and to effectively plan solutions at the local level, participatory tools are

appropriate alternatives as they allow combining indigenous knowledge with
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scientific information (UNDP, 2016). It also allows a better understanding of the
perception of communities that are always the most vulnerable to climate change and
disasters as they have limited access to those resources that would facilitate their
resilience (CARE International, 2009). The 17 Sustainable Development Goals
(SDGs) were adopted by the UN General Assembly in September 2015 and came into
effect in January of 2016. It is also a 15-year agenda that aims to protect the planet
and ensure prosperity for all. Some of these goals refer to the role of ecosystems

services for climate change adaptation and disaster risk reduction (UNDP, 2016).

One thing to be noted with regard to shortcomings relates to lack of a universally
accepted definition of EbA. Other sources conclude that this may be a reason why
decision makers hesitate in undertaking Ecosystem-based Adaptation with
consideration of other adaptation options (Doswald et al., 2014). It is also vivid that
Ecosystem-based Adaptation can come in many forms. Combined with the unclear
definition, the field becomes rather blurry making it increasingly difficult to compare

amongst different Ecosystem-based Adaptation measures.

The investigation of entrepreneurs in EbA can draw on conversations in the writings
on climate change adaptation about the roles of private and public actors for
adaptation (Klein, et al.,2017) and the provision of adaptation goods by private actors
(Tompkins and Eakin, 2012). Further, the writing on social-ecological systems and
resilience gives insights in the variegated approaches of entrepreneurs, involving the
mobilization of social networks, trust building, generation of knowledge and the

creation of public awareness for environmental problems (Evans et al., 2015).

Having knowledge that the impacts of climate change are always local, relevant

initiatives at the different policy levels need to be supported so that they transcend to
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the local level at which adaptation actions occur. Responsive local adaptation actions
serve the bottom up approach and play a complementary purpose that feeds back into
the top-down adaptation policy structure. As Pahl-Wostl (2009) stated: ‘more diverse
and complex governance regimes have a higher adaptive capacity’. Furthermore, a
balance between bottom-up and top-down approaches increases adaptive capacity and
thus the sustainability of resource governance regimes that could lead to a moderately
balanced power between community, markets and states actors. Therefore, the
enhancement of the best local natural resource governance practices for climate
change adaptation in Africa is very much needed to support adaptation decision-
making processes. Before this can be achieved we must first identify and evaluate

current practices.

2.6 Challenges and Constraints Facing Implementation of EbA Initiatives in
Kakamega Tropical Rainforest
Present knowledge of the mechanisms and relationships between many ecosystem
processes and most services remain weak (Carpenter et al.,2009). This restricts our
comprehension on how and when to decrease trade-offs and promote synergies among
ecosystem services (Bennett et al., 2009). This impediment has also driven humanity
to concentrate on the most desired ecosystem services that have resulted to an
increase in a few goods and services like fiber, food, and timber and a decline in other
services like pollination, genetic resources, combating desertification, and flood

control.

Despite the fact that there is colossal proof about the capability of Ecosystem based
Adaptation, limitations remain for its ability to satisfy all adaptation requirements.

The impediments exist because of the continued uncertainties around future climate
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conditions (Jones et al.,2012). Climate change predictions are presented in a variety
of situations. Addressing future needs through adaptation actions is like hitting a
moving target for adaptation planners. At the same time, the complex interactions of
ecosystems needed for optimal ecosystem service delivery is hard to quantify (GOK,
2012). When the impact of climate change on ecosystems is considered in tandem
with resulting impact to ecosystem services, significant uncertainty around the
delivery of ecosystem services under various climate change conditions remains

(Jones et al., 2012).

In other words, adaptation planners need to picture out the adaptive capacities of
ecosystems under future climate change situations. Additionally, global practices of
consumption, that is forestry, fishing, mining, transportation and development are all
exerting pressure on ecosystems that may give adaptation services; therefore,
knowing which services are threatened by particular actions is also vital for adaptation

planners (Jones et al., 2012).

Higher population growth rate is also another social issue affecting adaptation
strategies. A constricted resource base and an annual population growth rate of 2.1
percent (GOK, 2012) leads to increased degradation of the environment as well as

increased deforestation due to settlement and fuel-wood.

Areas where deforestation has taken place typically experience extreme soil erosion
and often degrade into wasteland. Moreover, these disregard or ignorance of intrinsic
value, lack of ascribed value, careless forest management and incomplete
environmental policy are some of the factors that necessitate deforestation to occur
extensively (Butler, 2009). There exists numerous underlying drivers of deforestation,

such as corruption of government institutions, the inequitable distribution of wealth
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and power, increase in population, overpopulation (Butler, 2009) and growth of urban
areas. Globalization is frequently seen as another main driver of deforestation,
however there are cases in which the impacts of globalization (new flows of labor,

capital, commaodities, and ideas) have advanced localized forest recovery.

In numerous nations, deforestation is a continuous issue that is causing extinction of
species, changes to climatic conditions, aridity and desertification, and displacement
of homegrown population. In the year 2000 the United Nations Food and Agriculture
Organization (FAO) found that the role of population changes in a local setting may
differ from decisive to negligible and that deforestation can result from a combination
of population stress and stagnating economic, social and technological conditions
(The New York Times, 2009). Moreover, it facilitates the rate of drought occurrences,
limits poverty reduction goals, and leads to low living standards of people and can be
a cause for political instability of a country. Among nations with a per capita gross
domestic product (GDP) of at least $4,600, net deforestation rates have ceased to

increase (The New York Times, 2009).

To the poor who depend on forest ecosystems, forests link with poverty in a complex
way. On one hand, forests provide them with food, timber products and non-timber
products, ecosystem services, and employment opportunities that could help them
reduce their poverty. On the other hand, living in rural forest areas means heavily
depending on natural-resources that are increasingly unstable due to environmental
changes like land degradation and climate change (Maraseni, 2012) which in turn may
lead to further poverty. Moreover, poverty in forests may also be caused by economic
reasons like the fluctuation of markets, physical reasons like remoteness, and other

social-political reasons such as the marginalization of certain groups (i.e. ethnicity,
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gender), inequality, lack of land rights, low capacity of local institutions and

management systems, and unequal forest policies (Maraseni, 2012).

There exists very few studies about Ecosystem based Adaptation and climate change
for Kakamega Tropical Rainforest. Ecosystem based Adaptation is a relatively new
idea in practice and there is absence of data about Ecosystem based Adaptation
technologies compared to man-made infrastructure adaptation solutions (Travers,
Kay, Carmen Elrick and Vestergaard, 2012). Another major aspect which is not
sufficiently covered by the literature and the studies surrounding the idea is time and
timescale. Adaptation is a long-term issue and the success of an intervention may
show itself a long time after a project has been implemented. It is therefore essential
to have evidence regarding timescales. Doswald et al., (2014) suggests a better

consolidation of knowledge, research and monitoring on timescales.

Quite a number of advantages are attributed to EbA. However, various investigations
on EbA remain anecdotal case studies of its success. There have been few systematic
studies on its effectiveness and only a limited number of reviews of the existing case
studies in the field. This suggests that the evidence base is thus lacking information
(Doswald et al., 2014). Considering this, a shift of focus towards the challenges and

limitations of the concept seems necessary.

However, there are growing evidence that anti-poverty interventions can and do work
as in, for example, the Millennium Development Goals program, through which
absolute poverty dropped by nearly half (United Nations 2015). Hence understanding

the factors that drive their success is paramount (Lemos et al., 2016).

2.7 Theoretical Framework

This study utilized two theories:
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2.7.1 Anthropogenic Global Warming Theory(Raven,et., al., 1999; Sarmiento, et.
al., 1998)
This theory of climate change contends that human emissions of greenhouse gases,
chiefly nitrous oxide, methane, and carbon dioxide, are causing a catastrophic rise in
global temperatures. The mechanism whereby this happens is called the enhanced
greenhouse effect. This theory is referred to as anthropogenic global warming
(AGW). Energy from the sun travels through the atmosphere and reaches Earth. The
Earth’s atmosphere is often transparent to the incoming sunlight, allowing it to reach
the planet’s surface where some of it is absorbed and some is reflected back as heat
out into the atmosphere. Certain gases in the atmosphere, called “greenhouse gases,”
absorb the outgoing reflected (terrestrial radiation) or internal thermal radiation, re-

sulting in Earth’s atmosphere becoming warmer than it otherwise might be (Raven,

et., al., 1999).

Water vapor is the main greenhouse gas, responsible for about 36 to 90 percent of the
greenhouse effect, followed by Carbon dioxide (<1 to 26 percent), methane (4 to 9
percent), and ozone (3 to 7 percent). (These estimates are the subject of much dispute,
hence their wide ranges). During the past century, human activities such as burning
wood and fossil fuels and cutting down or burning forests are thought to have
intensified the concentration of Carbon dioxide in the atmosphere by approximately
50 percent. Continued burning of fossil fuels and deforestation could double the
amount of carbon dioxide in the atmosphere during the next 100 years, assuming

natural “sinks” don’t grow in pace with emissions (Sarmiento, et. al., 1998).

The Earth’s climate also responds to numerous other types of external influences,

such as variation in solar radiation and in the planet’s orbit, but these “forcings,”
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according to the proponents of AGW, cannot explain the increase in Earth’s
temperature over the past thirty years. The forcing caused directly by man-made
greenhouse gases is also small, but the AGW theory posits that positive feedbacks
increase the effects of these gases between two- and four-fold. A small increase in
temperature leads to more evaporation, which places more water vapor in the
atmosphere, which causes more warming. Global warming may also result in less ice
and snow cover, which would lead to more exposed ground and open water, which on
average are less reflective than snow and ice and thus absorb more solar radiation,
which would cause more warming. Warming also might trigger the release of
methane from frozen peat bogs and Carbon dioxide from the oceans(Raven, et., al.,

1999).

Supporters of the AGW theory contend the ~0.7°C warming of the past century-and-
a-half and ~0.5°C of the past 30 years is mostly or entirely attributable to man-made
greenhouse gases. They dispute or disregard claims that some or perhaps that entire
rise could be Earth’s continuing recovery from the Little Ice Age (1400-1800). They
utilize computer models based on physical principles, theories, and assumptions to
predict that a doubling of Carbon dioxide in the atmosphere would cause Earth’s

temperature to rise an additional 3.0°C (5.4°F) by 2100(Raven, et., al., 1999).

When these climate models are run “backwards” they tend to predict more warming
than has actually occurred, but this, the theory’s supporters’ postulate, is due to the
cooling effects of aerosols and soot, which are also products of fossil fuel combustion.
The models also predict more warming of a layer of the atmosphere (the troposphere)
in the tropics than has been observed by satellite and radiosonde measurements, but

AGW believers dispute the data showing that disparity. Proponents of the AGW
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theory believe man-made Carbon dioxide is responsible for floods, droughts, extreme
weather, crop failures, species extinctions, spread of diseases, ocean coral bleaching,
famines, and literally hundreds of other catastrophes. All these disasters will become
more frequent and more severe as temperatures continue to rise, they say. Nothing
less than large and rapid reductions in human emissions will save the planet from

these catastrophic events(Sarmiento, et. al., 1998).

2.7.2 Adaptive Management Model

The study also adopts Adaptive Management Model. Walters and Holling (1990)
proposed three ways in which adaptive processes could be structured. First, there is an
evolutionary or trial-and-error model (Holling 1978; Kusel et al., (1996) used the term
incremental adaptive management and Hilborn (1992) referred to it as a reactive
approach). Under such approaches, the results of external decisions and choices are
used to frame subsequent decisions that, we hope, lead to improved results. In many
ways, this form of adaptive management is reminiscent of muddling through, in which
some learning inevitably results from whatever management experience is
undertaken. There is no purposeful direction to it and one simply reaps whatever

benefits derive from earlier experiences.

Second, there is the idea of passive adaptive management; Bormann et al., (1999)
utilized the term sequential learning. In it, historical data are used to frame a single
best approach along a linear path assumed to be correct (that is there is a belief that
the underlying assumptions and antecedent conditions that were applicable earlier still
prevail). This model applies a formal, rigorous, albeit post facto analysis to secondary

data and experiences as a means of framing new choices, understanding or decisions.
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Active adaptive management is a third model. It varies from other versions in its
purposeful integration of experimentation into policy and management design and
implementation (Kusel et al., 1996). In other words, policies and management
activities are treated as experiments and opportunities for learning (Lee, 1993). Active
adaptive management is designed to give data and feedback on the relative efficacy of
alternative models and policies, rather than focusing on the search for the single best
predictor. Bormann et al., (1999) referred to active approaches as examples of parallel
learning because they involve the design of suites of policies that can be directly and

simultaneously compared and evaluated.



2.8 Conceptual Framework

Climate Change

Precipitation A
Temperature

FOREST ECOSYSTEM

Ecosystem services:
provisioning services,
regulating services, cultural
services and supporting
services.
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Figure 2.5: Conceptual Framework
Source: Researcher (2021)
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The conceptual framework show independent variable that is climate change

(variation of precipitation and temperature) that impacts the forest ecosystem in many

ways. The impacts alters the forest ecosystem services that include provisioning,

regulating, cultural and supporting services. The impacts of climate change can

manifest itself in terms of productivity, functional trait composition, species

extinction or range redistribution as well as in form of increased fire frequency. In

mitigating the impacts of climate change, a number of challenges arise that include

population growth, poverty among others. Also included in the conceptual framework

are intervening variables that is government policy and Ecosystem-based Adaptation

(EbA) initiatives.
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CHAPTER THREE
RESEARCH METHODOLOGY
3.1 Introduction
This chapter presents research design and a description of the methods employed in
this study. It further presents the methods employed in sampling, data collection and

analytical methods used as well as a description of the study area.

3.2 Research Design

This study was descriptive and cross-sectional in design and it relied on a mixed
methods methodology. According to Joppe (2000), a descriptive survey study helps
to gather data at a particular point in time with the intention of describing the nature
of existing conditions, identifying standards against which existing conditions can be

compared and determining the relations that exist between specific events.

Mugenda (2010) recommends the design to collect data in order to answer questions
concerning current status of the subject in the study. Surveys can be used for
explaining or exploring the existing status of two or more variables at a given point in
time. The design enables the researcher to have a wider coverage and comprehensive
description of the observed characteristics and interrelationship in the target

population (Creswell & Miller, 2005).

Descriptive survey design enables the researcher to collect original data for the
purposes of describing and measuring the characteristics of a population, which is too
large to be observed directly. The design was selected because it was very convenient
in collecting substantial amount of views from respondents over a wide area using
limited resources (Kombo and Tromp, 2006). Therefore, the variables that were

studied were at their natural occurrence and not manipulated by the researcher. The
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survey method was appropriate because it is a self-report study, which requires the
collection of quantifiable information from the sample. This involved collection of
both quantitative and qualitative data. The study was concerned with the assessment
of the impacts of Climate Change on Forest Ecosystem in Kenya with special
emphasis to application of Ecosystem based Adaptation to Climate Change in

Kakamega Tropical Rainforest ecosystem.

3.3 Research Philosophy

Scientific research philosophy is a method which, when applied, allows the scientists
to generate ideas into knowledge in the context of research. The study was built on
Pragmatist research philosophy which deals with the facts. It claims that the
choice of research philosophy is mostly determined by the research problem. In this
research philosophy, the practical results are considered important. In addition,
pragmatism does not belong to any philosophical system and reality. Researchers
have freedom of choice. They are “free” to choose the methods, techniques, and
procedures that best meet their needs and scientific research aims. Pragmatists do not
see the world as absolute unity. The truth is what is currently in action; it does not

depend on the mind that is not subject to reality and the mind dualism.

3.4 Study Area

Kakamega forest is a mid-altitude tropical rainforest, the easternmost outlier of the
Congo Basin forests. Its West African affinities are unique in Kenya, and the forest
contains many species found nowhere else in the country. The forest lies in the Lake
Victoria catchment, about 40 km north of Kisumu, and just east of the Nandi

Escarpment that forms the edge of the central highlands.
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Kakamega forest was first gazetted as Trust Forest in 1933, and two small Nature
Reserves, Yala and Isecheno (totalling about 700 ha), were established within the
Forest Reserve in 1967. In 1986, nearly 4,000 hectares of the northern portion of the
forest, along with the adjacent 457 hectares Kisere Forest, were gazetted as a National
Park. Kakamega Forest is an important catchment; the Isiukhu and Yala Rivers flow
through the forest and gather tributaries from it. The terrain is undulating, with often
steep-sided river valleys. The soils are well-drained, deep, heavily leached clay-loams
and clays, of generally low fertility. Rainfall is approximately 2,001mm per year,

decreasing from south to north, and apparently declining due to deforestation.

The study was conducted in Kakamega Tropical Rainforest and its environs that fall
within Kakamega County in Western region of Kenya as shown in Plate 3.10.
Kakamega town neighboring Kakamega forest has a population of 1,867,579
according to 2019 census. The average elevation of Kakamega is 1,535 meters above
sea level. Kakamega County is Kenya's third most populous county after Nairobi and
Kiambu (Kenya Census, 2019). Local inhabitants are mostly the Luhya ethnic
community, whose economic activity is mainly farming. Kakamega County serves as
the headquarters of Kenya's largest sugar producing firm, Mumias Sugar, located in

Mumias town.

Kakamega Forest is a major tourist destination in the region. The Kakamega Forest
ecosystem plays a critical role as one of Kenya’s water catchment areas. Kakamega
forest receives some of the highest rainfall in the country and annual average
precipitation is 2000 millimeters, and is largely reliable for agricultural production.
The long rains are between April and November, with a short dry season from
December to March. Rain falls mostly in the afternoon or early evenings and is often

accompanied by heavy thunderstorms.
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The temperatures do not vary greatly throughout the year, with a mean maximum
shade figure of 26°C and a mean minimum of 11°C. During daytime Kakamega can
be quite hot and humid. The nights and early mornings can be surprisingly chilly. The
forest has three distinct canopy layers i.e. upper storey with an average height of
between 30 and 50 metres, while the second stratum is the middle height tree layer
(18-27m) and comprised of trees, climbers and woody lianas. The third canopy layer

has short trees (14-17meters).
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3.5 Study Population

Population refers to an entire group of individuals, events or objects having a common
observable characteristic and a sample is a smaller group obtained from the accessible
population ((Mugenda, 2008). As a first step in the data collection stage of every
survey, the target population needs to be identified. This study was undertaken in the
rural area around Kakamega Tropical Rainforest. The survey units were households
living up to 10 km from the forest edge and officers from Kenya Forest Service within

Kakamega County.

3.6 Sample Size and Sampling Procedures

Sampling is a technique of selecting individual members or a subset of the population
to make statistical inferences from them and estimate characteristics of the whole
population. Orodho (2005) defines a sample as a set of respondents (people) selected
from a large population for the purpose of a survey for a study. Sampling is the act,
process or technique of selecting a suitable sample or a representative part of a
population for the purpose of determining characteristics of the whole population

(Kombo and Tromp, 2006).

The respondents from the adjacent forest community were selected on the basis of the
human settlement pattern in the Kakamega forest region and the distance of
homesteads from the forest boundary. Significant interactions of the community with
the forest exist within 10 kilometers from the forest boundary. Thus, households were
drawn from the settlement regions. A census of households carried out with the help
of administrative village heads and other local leaders generated a sampling frame
consisting of approximately 345 households residing within approximately 10km

radius of the forest.
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The selection of households was done at various distances of 3 kilometers; 3 to 6
kilometers and 6 to 10 kilometers from the forest boundary in the settlement areas
using Stratified random sampling subsequently, a sample size of 184 respondents was
obtained by the guidance of Krejcie and Morgan table of 1970. Efforts were made to
map out both male- and female-headed households in each stratum during the
reconnaissance survey. All female-headed households identified in the three strata
were purposively sampled to ensure adequacy in female gender sample
representation. However, male-headed households were selected for a household

survey through simple random sampling.

Forest Service officers were purposefully selected based on their knowledge in
conservation, impact of climate change on the forest and development issues in the

region as well as their geographical distribution within the forest boundary.

Table 3.1: Sampling Frame

RESPONDENTS TOTAL SAMPLE SIZE %
Households 345 184 53
Forest Officers 53 20 37.7
Total 253 204

Source: Researcher (2021)

3.7Data Collection Instruments

Data for this research was collected from both primary and secondary sources.
Researchers prefer using methods that provide high accuracy, generalizability and
explanatory power, with low cost, rapid speed and maximum management demands
and administrative convenience (Orodho and Kombo, 2005). This study used

questionnaires and interviews as main instruments of data collection. The instruments
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contained questions dealing with the impact of climate change on forest ecosystems in
Kenya with special emphasis on application of Ecosystem-based Adaptation to
climate change in Kakamega Tropical Rainforest ecosystem of Kakamega County,

Kenya.

3.7.1 Questionnaire
The questionnaire contained both open and closed ended questions for residents
(Appendix 1). A structured questionnaire was used to collect data within a short time

(Orodho, 2005).

The quantitative tool was administered to a sample of 184 respondents enlisted from
the general population, to determine ecosystem services of Kakamega Tropical
rainforest. The tool was administered to the general population to elicit the impacts of

climate change on forest ecosystem.

This tool was therefore used to draw information from men and women about EbA to
climate change and challenges facing EbA implementation. The questionnaire was
undoubtedly the best survey method of collecting quantitative data from the general
population. A researcher administered semi-structured questionnaire was employed

(See appendix I).

3.7.2 Interviews

An interview schedule was used to collect qualitative in-depth data. The interviews
provided the researcher with greater opportunity to explain the purpose of the study
(Amin, 2003). The interviews were administered to the Kenya Forest Service officers
in charge of the area. Interviewing gave an opportunity to supplement data elicited by
questionnaires thus providing more information to the study. It served as a follow-up

to supplement and eliminate the shortfalls of the questionnaire.
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According to Mugenda and Mugenda (2010), interviews allow for the free interaction,

honest conversation and probing questions for higher response. It is difficult for a

respondent to completely refuse to answer questions or ignore the interviewer. The

designed structured interview schedule was moderated by the help of colleagues and

the two supervisors (See appendix I1).

Below is a matrix depicting data collection methods and variables of the study:

' Method

Research question

Key variables |

Questionnaire

Interviews

1. What are the spatial and temporal
characteristics of climate change in
Kakamega tropical rainforest

2. What are the forest ecosystem
services of Kakamega Tropical
Rainforest of Kakamega County,
Kenya?

3. What are the impacts of climate
change on Kakamega Tropical
Rainforest Ecosystem?

4, Evaluate Ecosystem-based
Adaptation to climate change in
Kakamega Tropical Rainforest.

5. What are the challenges and
constraints facing implementation of
EbA initiatives in Kakamega Tropical
Rainforest Ecosystem.

1. What are the spatial and temporal
characteristics of climate change in
Kakamega tropical rainforest

2. What are the forest ecosystem
services of Kakamega Tropical
Rainforest of Kakamega County,
Kenya?

3. What are the impacts of climate
change on Kakamega Tropical
Rainforest Ecosystem?

4, Evaluate Ecosystem-based
Adaptation to climate change in
Kakamega Tropical Rainforest.

5. What are the challenges and
constraints facing implementation of
EbA initiatives in Kakamega Tropical
Rainforest Ecosystem.

Source: Researcher (2020)

-Spatial and  temporal
characteristics of climate
change

-Ecosystem services,

-Impacts of climate change
on Kakamega  Tropical
Rainforest Ecosystem,
-Ecosystem-based
Adaptation  to
change

climate

-Challenges and constraints

-Spatial and  temporal
characteristics of climate
change

-Forest ecosystem se rvices

-Impacts of climate change

-EbA

-Challenges and constraints
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3.8 Piloting

Kombo and Tromp (2006) argue that a pilot study helps to test the feasibility of the
study techniques and to perfect the questionnaire and interview schedule, concepts
and wordings. It was carried out three weeks before the actual data collection for the
study. Piloting was done to establish whether the instruments could be used to collect
relevant data, identify any problems likely to occur at the time of actual data
collection process and to also check whether the instructions in the questionnaires
were understood by the respondents (Plate 3.2 and 3.3). The items were revised with
the help of the researcher’s supervisors from the Department of Geography, Moi

University.

To determine the reliability and validity, the questionnaire and interview schedule
were piloted among 20 respondents and 5 Key informants respectively among the

residents of Kaimosi Tropical Rainforest that borders Kakamega Tropical Rainforest.
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Plate 3.2: Researcher with a resource person at the Grassland section of Isecheno
at Kakamega Tropical Rainforest Ecosystem (Source: Researcher,
2020)
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KENYA
1S

WESTERN CONSERVANCY

Plate 3.3: Kenya Forest Service Western Conservancy (Source: Researcher,
2020)

From Left Bosibori-A research Assistant, Prof Omondi-Supervisor, Aseta-Researcher

and Koros-Research Assistant at the Conservator’s office after an Interview.

3.9 Validity and Reliability of Research Instruments
The results of the pilot study were used to test the validity and reliability of the

research tools.
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3.9.1 Validity

This is how accurate a tool or an instrument is in obtaining the data that it intends to
collect (Kerlinger, 1983). This relates to content validity. Construct validity refers to
the way questions or items of the tool measures the skills or characteristics that are
intended to be measured by an instrument. The construct validity of research
instrument was ascertained by discussing with the supervisors and experts from the
Department of Geography, Moi University. The researcher was guided and advised
accordingly after scrutinizing and checking on the irrelevant items and technical

mistakes. Through their wise advice, the questionnaire was revised to suit the study.

3.9.2 Reliability of the Research Instrument

Reliability refers to the ability of the instrument to give same responses after repeated
administration (Mugenda and Mugenda, 2010). Orodho (2005) defines reliability as
the degree of consistency that an instrument or procedure demonstrates. In order to
ascertain the reliability, the test—retest method was used in administration of the data
collection tools. The administration of the tools was carried out on two occasions
within a period of two weeks with subjects from Kakamega County. Reliability was
determined by correlating two administrations using Pearson’s product-moment

correlation coefficient.

The Pearson Product Moment Correlation Coefficient was adopted for the study
because it is a measure of correlation that shows the type and strength of the
relationship between two variables under study (Orodho, 2003). Orodho further
argues that if the coefficient is computed at + 0.5 then the questionnaire is deemed
reliable. In this case the researcher considered the instrument reliable if it attains a

reliability coefficient of 0.6.
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3.10Data Collection Procedures

A variety of data collection methods were incorporated to collect both quantitative
and qualitative data from both primary and secondary sources. The researcher
collected data in three phases; the first phase involved conducting a reconnaissance
trip to the study area. Piloting was also done during this phase and the instruments
refined. In the second phase, the researcher sort permission from the relevant
authorities to conduct the study. The researcher applied for a research permit to the
National Commission for Science, Technology and Innovation. The third phase was
the actual collection of data, the researcher booked an appointment with the relevant
subjects to be interviewed and distributed the interview schedules with the aid of three

research assistants.

Out of the 184 members of the households who were selected to participate in the
study, 119 returned the questionnaires. On the other hand, out of the 20 selected forest
officers all of them (100%) returned the questionnaires. The return rates were
considered appropriate to go on with the analysis. The data collected through

interview schedules was coded before being analyzed.

Past meteorological data on rainfall and temperature parameters was sourced from
Kenya Meteorological Department (Sichirai station) located at 0.28° N 34.75°. Data
included average monthly rainfall for the years between 1967 and 2020, as well as

minimum and maximum temperatures covering the same period to support analysis.

3.11 Data Analysis
Based on the data evaluation instruments, quantitative and qualitative data analysis
techniques were utilized. Data from questionnaires were analyzed in frequencies,

means and percentages using the Statistical Package for Social Sciences (SPSS
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version 23.0). Qualitative data from the interviews were analyzed in themes and
categories identifying similarities and differences that emerge. The SPSS was used to
generate frequency distribution tables. A descriptive statistical method was used and
adopted to calculate the percentages and means. Rainfall and temperature trends were
analysed using Mann—Kendall tests and Sen’s slope estimator. The Mann—Kendall
(MK) test, a non-parametric test, was considered the most ideal to determine rainfall
and temperatures trends over time. This test was applied at 95 per cent confidence
levels and used as described by Sneyers (1990). Positive (+ve) values from the results
indicated an increase over time while negative (—ve) values point t0 a decreasing
trend. MK detects non-linear trends but is limited in showing the magnitudes of
significant trends (Babar and Ramesh, 2013). Thus, Sen’s slope estimator, also a non-
parametric test, was used to detect magnitudes of climatic trends for both rainfall and

temperatures.

3.12 Ethical Considerations

The researcher provided the respondents with information on the purpose and
duration of the study. The researcher assured the respondents of their privacy and
confidentiality of the information they gave. The researcher also ensured that all
participants remain anonymous in the study by asking them not to write their names in
the questionnaires. Respondents were assured of their dignity being kept and that they
will not suffer either physical or psychological harm during and after the study. The
researcher also debriefed the respondents on the findings after the study (Campell,

2002).


https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref056
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref004
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CHAPTER FOUR
DATA ANALYSIS, RESULTS AND DISCUSSIONS
4.0 Introduction
This chapter deals with data analysis, presentation, interpretation and discussion of
findings. This study assessed the impact of climate change on forest ecosystems in
Kenya with special emphasis on application of EbA to climate change in Kakamega
tropical rainforest ecosystem. The data collected was analyzed using both descriptive

and inferential statistics. This chapter presents the results of the analysis.

4.1 Background Information of Members of Households and Forest Officers

The background information of the members of the households and forest officers
centered around seven aspects that the researcher felt were important to understand, as
this would affect the responses they gave. These aspects were: gender, distance from
forest, age, highest education level, occupation, years of stay and monthly income.

The results are summarized in table 4.1.
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Table 4.1: Background information of members of the households

Household Members Forest Officers
F % F %
Characteristic
Gender
Male 74 62.2 15 75
Female 45 37.8 5 25
Total 119 100 20 100
Distance from the forest**
0.1-3 km 44 37.0 5 25
3.0-6 km 45 37.8 11 55
6.0-10 km 30 25.2 4 20
Total 119 100 20 100
Age
6-15 years 7 5.9 - -
16-25 years 16 13.4 - -
26-35 years 20 16.8 01 5
36-45 years 52 43.7 10 50
46 years and above 24 20.2 09 45
Total 119 100.0 20 100
Highest Education level
Primary 24 20.2 - -
Secondary 47 39.5 - -
Tertiary 28 235 05 25
Others 20 16.8 15 75
Total 119 100 20 100
Occupation
Peasant 62 52.1 - -
Civil servant 18 151 20 100
Business person 20 16.8 - -
Large scale farmer 19 16.0 - -
Total 119 100 20 100
Years of Stay
1-5 years 14 11.8 3 15
6-10 years 54 454 8 40
Over 10 years 51 42.9 6 30
Total 119 100 3 15
20 100

Monthly Income
No response 119 100 20 100

Source: Researcher (2021)

When the residents were asked which location they came from, a higher percentage,
9.2% (11) indicated that they come from Kambiri location, all the other nineteen
locations had representatives. Ivakate location had the least members at 1.7% (2) as

shown in Figure 4.1.
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Figure 4.1: Locations
Source: Researcher (2021)

On issues of gender the male were the majority at 74(62.2%) and the female were

45(37.8%) as shown in Figure 4.2.

Gender
80 -
60 -
M Percent
40 -
20 -
0
Male Female

Figure 4.2: Gender
Source: Researcher (2021)

When the residents were asked how far they stay from the forest, a majority 45

(37.8%) indicated that they stayed between 3.0 - 6 km, almost a similar number 44

(37.0%) indicated that they stayed 0.1 — 3.0 Kms away from the forest while 30
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(25.2%). This shows that all the residents stayed less than 10 kilometers from the

forest.

When asked about their age, the majority were aged between 36-45 years 52 (43.7%)
followed by those aged 46 years and above (20.2%) followed by those between 26-35
years (16.8%), then followed by those between 16-25 years (13.4%), and the least
were those aged between 6-15 years (5.9%) as indicated in Table 4.1. This shows that
the majority of the forest inhabitants are in their productive age at 52(43.7%) as
indicated in Table 4.1. This shows that the majority of the forest inhabitants are in

their productive age group of 36-45 years of age.

When the respondents were asked about their highest level of education, the majority
47(39.5%) indicated that they had secondary level of education, followed by those
who had tertiary level of education who were 28(23.5%) in number, then those who

had attained primary level of education 24 (20.2%) as indicated in Table 4.1 and

Figure 4.3.
Highest Education Level
40
30
20 M Percent
10
0 T T T T T
primary  secondary tertiary others

Figure 4.3: Educational Levels

Source: Researcher (2021)

When the respondents were asked about their occupation, a majority 62(52.1%)
indicated that they were peasants, 20(16.8%) were business persons, 19 (16.0%) were

large scale farmers while the least number at 18(15.1%) were civil servants as
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indicated in Figure 4.4. This shows that the majority who are peasants are likely to

interfere with the forest ecosystem during their farming activities.

Occupation
60
40
2 - T T
OI T T T T
Peasant Civil Business Large scale
servant person farmer

Figure 4.4: Occupation
Source: Researcher (2021)

All the respondents 119(100%) did not indicate their monthly income as shown in
Figure 4.5. This is an indication that most people are usually reluctant or unwilling to

share their personal matters such as incomes.

Monthly Income

100
B No response
50

Percent

Figure 4.5: Monthly Income
Source: Researcher (2021)

When asked about how many years they have stayed in the area, a majority 54(45.4%)
has stayed between 6-10 years, then followed by those who had stayed over 10 years
who were 51(42.9%) and those who had stayed for periods between 1-5 years,

numbering 14(11.8%) as indicated in Figure 4.6. This shows that the majority of the
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people stayed in the area long enough to have had experienced negative impact on the

forest ecosystem.

Years of Stay

50 ~

M Percent
20 A

10 A

1-5 years 6-10 years Over 10 years

Figure 4.6: Years of Stay
Source: Researcher (2021)

4.1.1 Background Information on Forest Officers
Regarding the gender of the respondents, a majority 15(75%) were male while only

5(25%) were female.

There was one forest officer from each of the twenty locations as shown in Table 4.1.
When the forest officers were asked how far they stayed from the forest a majority 11
(55%) indicated that they stayed between a range of 3.0 — 6.0 kilometers from the
forest and 5(25%) indicated that they stayed between 0.1-3.0 Kilometers from the
forest while 4(20%) stayed between 6-10 kilometers. This shows that all the officers
were staying at less than 10 kilometers from the forest which is very close to the

forest.

When asked about their age, half of them, 10(50%) were aged between 36-45 years of
age, followed closely with those aged 46 years and above who were 9(45%) and only

1(5%) was aged between 26-35 years of age.
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When the forest officers were asked about their highest level of education attained
those with other levels of education apart from tertiary education were the majority
15(75%) while only 5(25%) had tertiary level of education. On the work they do, all

the 20 (100%) forest officers indicated that they were civil servants.

The forest officers were also asked on the length of stay they have had in the area, a
majority 7(40%) had stayed for between 6-10 years, followed by those who had
stayed for over 10 years who were 6(30%) in number, then followed by those who
had stayed for over 10 years and those who have stayed for less than 1 year who were
both at 3(15%). This shows that many of the forest officers have stayed in the area

long enough to give valid opinions about the occurrences taking place in the forest.

4.2 Spatial and Temporal Characteristics of Climate Change in Kakamega

Tropical Rainforest

The first objective of this study was to establish the spatial and temporal

characteristics of climate change in Kakamega Tropical Rainforest.

Temperature trend analyses represent statistically significant trends for the period of
1967-2020. Results reveal a warming trend for both mean annual maximum
temperatures and mean annual minimum temperatures by 0.04°C/year and
0.02°C/year, respectively. Moreover, analysis of annual precipitation (1967-2020)
indicated an increase of 0.068 mm/year; however, the mean monthly rainfall showed a

decreasing trend.

4.2.1 Mean monthly rainfall variability.
Observations of the behaviour of mean monthly rainfall for the period 1967-2020

indicate a rainy season in the months of April (255 mm) and May (257 mm). The



83

precipitation then slightly subsides in June before picking up again in July with
August registering higher amounts (222 mm). December, January and February
recorded the least amount of rainfall at 91, 68 and 92 mm, respectively. Generally, the
March-April-May (MAM) peaks were stronger than the October-November-
December (OND) peaks. According to Nicholson (2017), MAM constitutes the long
rainy season, while OND covers the short rain season in most parts of equatorial
Eastern Africa. This coincides with crossing the inter tropical convergence zone along
the equator in south-north, before taking the north-south migration (Camberlin and

Philippon, 2002).

MK tests for mean monthly rainfall (1969-2020) indicate positive trends in January,

March, April, September, October, November and December.

However, increase of rainfall both in October and November were declared
significant at « = 0.01. The remaining calendar months displayed trends that were not
significant, with the exception of July, which was significant at 95 per cent level.
Sen’s slope ranged between - 0.543 and 0.761 for the same climatological period.
Results on the magnitude of change are largely negative, with the month of May
indicating a decline in rainfall by 0.543 mm/year. On the same note, the magnitude of
change was highly positive in November implying an increased precipitation by

0.0761 mm/year.

4.2.2 Mean annual rainfall variability.

Notable peaks of rainfalls were experienced between 1968 and 1983, whereas
significant dips were emerged in 1988 and 2012. While coefficient of rainfall
variation (R? linear = 0.193) was low and probably insignificant, the cumulative

effects of rainfall variability are expected to advance in future with less predictability.


https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref044
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref011
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref011
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The MK test for annual precipitation for the same period was found to increase by
0.068 mm/year, probably due to increased frequency of hailstorms in the region
during previous years. Lau and Wu (2007) asserted that satellite-based studies
conducted in the tropics during 1979-2003 reported an increase in the occurrence of

heavy rain-related events.

4.2.3 Mean monthly temperature variability

Maximum and minimum temperatures in Kakamega County both escalate from
January to April while they are at their lowest from July to September. It is important
to note that onset of the long rainy season is always expected towards the end of
March and into the month of April. Given that April comes immediately after a dry
spell (January-March), temperatures in the region would still be expected to be
higher. February was the hottest (31°C) month during the climatological period while
September was the coolest at 13.6°C. The three-month period July, August and
September recorded the lowest minimum temperatures, while April had the highest
minimum temperature of 15.2°C. These findings concur with observations made
by Barasa et al. (2015) on temperature variations in the region. Generally, it can be
deduced that temperature trends on both scales (maximum and minimum)

increase/decrease almost at the same time range.

4.2.4 Mean annual temperature variability

There was variability in both annual mean maximum and minimum temperatures,
with the highest values recorded in 2009 and 2014. The lowest mean maximum
temperatures of 19.9°C, 20.4°C and 22.6°C were recorded in 1999, 1991 and 1994,
respectively. Similarly, mean minimum temperatures were lowest (10.4°C) in 1999.
This coincides with the lowest maximum temperatures recorded for the same year,

marking 1999 as the coolest year for the entire period under examination. However,


https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref030
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref007
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the highest minimum temperatures (15°C) occurred in 2010. The MK test for
maximum and minimum temperatures indicates positive trends, suggesting that

temperatures have been on the rise for the climatological period 1980-2020.

With regard to maximum temperatures, the rise was found to be significant at « = 0.05
for January, February, September, November and December. The magnitude of the
temperature increase as represented by Sen’s slope was 0.019°C/year for minimum
temperatures and 0.037°C/year for maximum temperatures. The findings indicate that
global warming is being felt in the region, echoing Mulinya et al. (2016), who
observed similar characteristics in temperature trends. The knowledge of the
significance of temperature variations is pertinent in the understanding of climate

change.

4.2.5 Perceptions of climate variability

The views collected from study participants as regards to climate variability were vital
for comparison with meteorological data. In general, the majority of respondents were
aware of climate variability and would explain their experiences using observable
features, such as delayed rainfall, rising temperatures and prolonged drought spells

over the past 50 years and more.

Many respondents felt that rainfall patterns were uncertain, probably due to large
inter-annual fluctuations in rainfall quantities over the years. These perceptions
reinforce our findings on the meteorological data analysis on temperatures and rainfall
patterns. In the same vein, Simelton et al. (2013) suggested that locals’ perspectives
of climate variability play a significant role in addressing climate change impact and

adaptation of Kakamega forest ecosystem.


https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref041
https://www.emerald.com/insight/content/doi/10.1108/IJCCSM-01-2018-0002/full/html#ref058
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In a bid to also to further a certain this scenario, several questions were put forward.
They included finding out their understanding of climate change. The results are

summarized in Table 4.2.
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Table 4.2: Spatial and Temporal Characteristics of Climate Change in

Kakamega Tropical Rainforest

ITEM CATEGORY  Agreed Undecided Disagreed Total
F % F % F % F %

Climate changeis HM 9% 80.7 4 3.4 19 159 119 100
very extreme FO 20 100 - - - - 20 100
temperatures
Climate changeis HM 88 739 13 109 18 152 119 100
very extreme FO 20 100 - - - - 20 100
precipitation
Climate changeis HM 97 815 10 84 12 101 119 100
both extreme FO 14 70 6 30 - - 20 100
temperatures and
precipitation
Shift in the rainy HM 99 832 5 4.2 15 126 119 100
and dry seasonis a - -, 20 100 - - - - 20 100
visible change in
climate
Drought is a HM 77 647 10 84 32 269 119 100
visible change in - pq 9 95 1 50 - - 20 100
climate
Intense rainfallisa HM 88 739 15 126 16 135 119 100
visible change in
. J FO 14 70 6 30 - - 20 100
climate
Less rainfall is a HM 92 773 18 151 9 75 119 100
visible change in

FO 18 90 2 10 - - 20 100

climate

KEY: HM-Household members.FO-Forest Officers.

Source: Researcher (2021)

The members of the households were asked what they perceived to be climate change.

Among those who viewed climate change as very extreme temperatures, majority of

them at 96(80.7%) agreed, 19 (16%) disagreed, while only 4(3.4%) were undecided as

indicated in Figure 4.7.This concurs with Boon and Ahenkan(2011) who argues that

past studies have demonstrated how forested areas and their surroundings have

experienced general reductions in precipitation and increases in temperature over

time.
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Climate change as Extreme Temperatures

m Agreed ® Undecided ® Disagree

3%

Figure 4.7: Climate Change as Extreme Temperatures
Source: Researcher (2021)

Among those who viewed climate change as very extreme precipitation, a majority of
them at 88(74%) agreed, 18(15.2%) disagreed while a few 13(10.9%) were undecided

as shown in Figure 4.8.

Climate change as Extreme Precipitation

m Agreed M Undecided ® Disagree

Figure 4.8: Climate Change as Extreme Precipitation

Source: Researcher (2021)

Among those who viewed climate change as both very extreme temperatures and
precipitation, a majority of them again at 97(81.5%) agreed, 12(10.1%) disagreed

while 10 (8.4%) were undecided as shown in Figure 4.9. These shows that a majority
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of the members of the households’ respondents viewed climate change as extreme

changes in both temperatures and precipitation.

Climate change as Very Extreme Temperature and
Precipitation

B Agreed M Undecided Disagree

8%

Figure 4.9: Climate Change as Very Extreme Temperature and Precipitation

Source: Researcher (2021)

The views on the same question posed to forest officers were not different. All
20(100%) of the forest officers agreed that climate change was having very extreme
temperatures. On the other hand, all the 20(100%) of the forest officers agreed that
climate change was having very extreme precipitation. On whether climate change
was having both extreme temperature and precipitation a majority at 14(70%) of the

forest officers indeed agreed, while 6(30%) were undecided on the issue.

This shows that both the members of the households and the forest officers were of
the view that climate change was having extreme temperature and precipitation, views
supported by Safeeget et al.,(2013) who argues that at smaller spatial scales minimum
temperature on the island of Oahu in Hawaii, USA have an average increase of 0.17
degrees Celsius per decade and the statewide average warming for Hawaii is 0.2
degrees Celsius per decade since 1975 (Giambelluca et al., 2008).The complexity of

precipitation trends is even greater when comparing changes at smaller spatial scales,
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as significant differences in annual precipitation trends have been observed across

three islands in the Hawaiian Archipelago (Chen and Chu, 2014).

When asked if the members of the households have ever witnessed climate change, a
majority at 83(69.7%) agreed while a few at 36(30.3%) disagreed. When the same
question was posed to the forest officers similar results were obtained with a majority
12(60%) indicating agreed while 8(40%) disagreed (See Figure 4.10). This shows that
climate change is a normal observable occurrence that can be witnessed by people
living near the forest. This is in agreement with the IPCC (2013) views that changes
in temperature have been extensively studied and are well understood across a wide

range of temporal and spatial scales.

Ever Witnessed Climate Change

100

50 B Percentage

Agreed Disagree

Figure 4.10: Ever Witnessed Climate Change
Source: Researcher (2021)

When the members of the households were asked to indicate the spatial and temporal
characteristic of climate change in Kakamega Tropical Rainforest, those who viewed
that as a shift in the rainy and dry season, a majority at 99(83.2%) agreed while only a
few at 15 (12.6%) disagreed and only 5(4.2%) were undecided as shown in Figure
4.11. On the other hand among the forest officers, all the 20(100%) agreed that it was

indeed a shift in the rainy and dry season.



Climate Change as the Shift of the Rainy and Dry
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Figure 4.11: Climate Change as the Shift of the Rainy and Dry Seasons

Source: Researcher (2021)
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The members of the households who felt that the spatial and temporal characteristics

of climate change was drought, a majority at 77(64.7%) agreed, 32(26.9%) disagreed

while only 10 (8.4%) were undecided as shown in Figure 4.12. On the other hand,

among the forest officers’, majority at 19(95%) agreed while only 1(5%) was

undecided. This shows that the majority of the household’s respondents and forest

officers’ respondents view drought as one of the consequences of climate change.

These views are supported by Goosse et al. (2010) who argues that climate change

includes the region's general pattern of weather conditions, seasons and weather

extremes like hurricanes, droughts, or rainy periods.

Climate Change as Drought

m Agreed M Undecided Disagree

5%

Figure 4.12: Climate Change as Drought

Source: Researcher (2021)
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The other variable that the members of the households were supposed to respond to
was if they felt that the spatial and temporal characteristics of climate change was
intense rainfall. A majority at 88(73.9%) agreed, 16(13.5%) disagreed, while 15
(12.6%) were undecided as indicated in Figure 4.13. On the other hand, a majority of
the forest officers at 14(70%) agreed that it was intense rainfall while the rest 6(30%)
were undecided. This shows that majority of the members of the household and forest
officers agreed that intense rainfall was part of the effect of climate change as

supported by Goosse et al., (2010).

Climate Change as Intense Rainfall
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Figure 4.13: Climate Change as Intense Rainfall
Source: Researcher (2021)

When asked whether the spatial and temporal characteristics of climate change was
less rainfall, a majority at 92(77.3%) of the members of the household agreed,
9(7.5%) disagreed while 18(15.1%) were undecided as can be seen in Figure 4.14. On
the other hand, a majority at 18(90%) of the forest officers agreed, while only 2(10%)
were undecided. This agrees with the views of Goosse et al. (2010) about less rainfall

being a consequence of climate change.



93

Climate Change as Less Rainfall

Undecided
15%
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Figure 4.14: Climate Change as Less Rainfall
Source: Researcher (2021)

4.3 Ecosystem Services of Kakamega Tropical Rainforest.

The second objective of this study was to analyze the ecosystem services of
Kakamega Tropical Rainforest. In order to answer the question related to this
objective, the researcher sought some responses from both the members of the
households as well as the forest officers in relation to this question as shown in Table

4.3.



Table 4.3: Ecosystem Services of Kakamega Tropical Rainforest.
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Category Agreed Undecided Disagreed Total
ITEM F % F % F % F %
Ecosystem services HM 16 314 13 109 90 757 119 100
of the forest s 20 100 - - - - 20 100
source of Timber
Ecosystem services HM 100 84 11 9.2 8 6.8 119 100
of the Forest is FO 17 8 3 15 - - 20 100
source Firewood
Ecosystem services HM 90 757 15 126 14 117 119 100
of the Forest is FO 16 8 4 20 - - 20 100
source of Herbal
Medicine
Ecosystem services HM 89 748 10 84 20 16.8 119 100
of The Forest is 18 9 2 10 - - 20 100
source of Fodder for
Livestock
Ecosystem services HM 26 218 18 151 75 63.1 119 100
of The Forestis FO 17 8 3 15 - - 20 100
source of Food
Ecosystem services HM 81 681 4 34 34 285 119 100
of the Forest FO 20 100 - - .- 20 100
prevents Storms
Ecosystem services HM 89 748 14 118 16 134 119 100
of the forest helps to
Control Floods FO 19 95 1 5 - - 20 100
Ecosystem services HM 98 824 11 9.2 10 84 119 100
of the forest helps in 20 100 - ) ) ) 20 100
Cloud Formation
Ecosystem Services HM 73 613 26 218 20 169 119 100
of the forest helps in
Greenhouse Gas FO 15 75 5 25 - - 20 100

Regulation.

KEY: HM- Household members.FO-Forest Officers.

Source: Researcher (2021)

When the members of the households were asked if the services, they received were a

source of timber, a majority at 90(75.6%) disagreed, a few 16(13.4%) agreed while

13(10.9%) were undecided as indicated in Figure 4.15. When the same was posed to

the forest officers the opposite was true, with all the 20 (100%) agreeing that people

used the forest as a source of timber. This agrees with the views of Costanza et al.,
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(2017) who argues that first, provisioning services, combined with built, human and
social capital, produce, for example, food, timber and fiber. Second, regulating
services, combined with built, human and social capital, produce flood control, storm
protection, water regulation, human disease regulation, water purification, air quality
maintenance, pollination, pest control, and climate control. Third, cultural services,
combined with built, human and social capital, offer recreation, aesthetic, scientific,
cultural identity, sense of place, or other ‘cultural’ benefits. Finally, supporting
services describe the basic ecosystem processes such as soil formation, primary
productivity, nutrient cycling and provisioning of habitat. They contribute indirectly
to human wellbeing by maintaining the processes and functions necessary for

provisioning, regulating, and cultural services (Costanza et al., 2017).

Forest Ecosystem as a Source of Timber
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Figure 4.15: Forest Ecosystem as a Source of Timber
Source: Researcher (2021)

When the members of the households were asked if the forest ecosystem is used as a

source of herbal medicine, a majority at 90(75.7%) agreed, a few at 14(11.7%)
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disagreed, while 15(12.6%) were undecided. On the other hand, 16(80%) of the forest
officers agreed to the same question and only 4(20%) were undecided. This agrees
with the views of Costanza et al., (2017) that the forest ecosystem is used as a source

of herbal medicine.

Plate 4.1: Demonstration of a plant that serves as a herbal medicine.

Source: Researcher (2021)
From left is Mr. Okieka-Resource person, Bosibori-Research Assistant and Prof.

Omondi. Mr. Okieka was demonstrating that the forest is a very rich source of herbal
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medicine. He was able to show researchers different species of plants that can cure

diabetes, high blood pressure and snake bites among others.

Forest Ecosystem as a Source of Herbal Medicine
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Figure 4.16: Forest Ecosystem as a Source of Herbal Medicine

Source: Researcher (2021)

When members of the households were asked if the forest ecosystem is used as a
source of fodder for animals, a majority at 89 (74.8%) agreed, 20 (16.8%) disagreed
while 10 (8.4%) were undecided as shown in Figure 4.17. On the other hand, a

majority at 18(90%) of the forest officers agreed and only 2 (10 %) were undecided.

Forest Ecosystem as a Source of Fodder for Animals
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Figure 4.17: Forest Ecosystem as a Source of Fodder for Animals

Source: Researcher (2021)

On the issue of firewood, a majority at 100(84%) of the household members agreed

that the forest ecosystem provided firewood, 11(9.2%) were undecided while 8 (6.8%)
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disagreed as can be demonstrated in Figure 4.18. On the other hand, a majority at

17(85%) of the forest officers agreed and only 3 (15%) were undecided.

Forest Ecosystem as a Source of Firewood
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Figure 4.18: Forest Ecosystem as a Source of Firewood

Source: Researcher (2021)

On whether the forest ecosystem provided food, a majority 75(63.1%) disagreed, 26
(21.8%) agreed while 18 (15.1%) were undecided and this can be seen in Figure 4.19.
On the other hand, a majority at 17(85%) of the forest officers agreed, while only 3

(15%) were undecided.

Forest Ecosystem as a Source of Food
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Figure 4.19: Forest Ecosystem as a Source of Food
Source: Researcher (2021)

When members of the household were asked if the forest ecosystem prevented storms,

a majority at 81(68.1%) agreed, 34(28.5%) disagreed, while only 4(3.4%) were
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undecided as shown in Figure 4.20. On the other hand all the 20 (100%) of forest

officers agreed that the forest ecosystem indeed prevented storms.

Forest Ecosystem Service as Prevention of Storms

M Agreed M Disagreed Undecided

3%

\

Figure 4.20: Forest Ecosystem Service as Prevention of Storms

Source: Researcher (2021)

When asked if the forest ecosystem service was to control floods, a majority at
89(74.8%) of the members of the households agreed that it indeed controlled floods, a
few at 16(13.4%) disagreed while only 14(11.8%) were undecided as shown in Figure
4.21. On the same question a majority at 19 (95%) of the forest officers agreed and
only 1(5%) was undecided. This shows that the forest ecosystem controls floods,

which agrees with the views of Costanza et al., (2017).

Forest Ecosystem Service as Control of Floods
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Figure 4.21: Forest Ecosystem Service as Control of Floods

Source: Researcher (2021)
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When the members of the households were asked if the forest ecosystem helps in
cloud formation a majority at 98(82.4%) agreed, a few at 10(8.4%) disagreed while
11(9.2%) were undecided as demonstrated in Figure 4.22. On the other hand, all the
20(100%) of the forest officers agreed on the same question. This agrees with the
views of Costanza et al.,, (2017) that forests help with cloud formation and

precipitation.

Forest Ecosystem Service as Cloud Formation
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Figure 4.22: Forest Ecosystem Service as Cloud Formation

Source: Researcher (2021)

When the members of the household were further asked if the ecosystem helps in
greenhouse gas regulation, a majority at 73(61.4%) agreed, 20(16.8%) disagreed,
while 26(21.8%) were undecided as shown in Figure 4.23. On the other hand 15(75%)
of the forest officers agreed on the same question, while only 5(25%) were undecided.
This agrees with the views of Costanza et al., (2017) that forests indeed regulate

greenhouse gases in the atmosphere.
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Forest Ecosystem Service as Greenhouse Gas
Regulation
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Figure 4.23: Forest Ecosystem as Greenhouse Gas Regulation

Source: Researcher (2021)

4.4 Impacts of Climate Change on Kakamega Tropical Rainforest Ecosystem

The third objective of this study was to assess the impact of climate change on
Kakamega Tropical Rainforest ecosystem. In order to answer this question several
responses were sought from the members of the households and the forest officers.

The results are summarized in Table 4.4.
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Table 4.4: Impacts of Climate Change on Kakamega Tropical Rainforest
Ecosystem

ITEM Category Agreed Undecided Disagree  Total
d

F % F % F % F %
Changes in HM 97 815 6 50 16 135 119 100
productivity FO 20 100 - - - - 20 100
Functional Trait HM 90 756 10 8.4 19 16 119 100
Composition FO 20 100 - - - - 20 100
Species extinction ~ HM 106 891 3 25 10 84 119 100
or range FO 20 100 - - - - 20 100
redistribution
Increased fire HM 34 286 24 202 61 512 119 100
frequency FO 19 95 1 5 - - 20 100
Changes in HM 92 773 - - 27 227 119 100
precipitationand  Fo 20 100 - - - - 20 100
warming

KEY: HM-Household members.FO-Forest Officers

Source: Researcher (2021)

The researcher sought to know if one of the impacts was changes in productivity. On
this question a majority at 97(81.5%) of the members of the households agreed that,
indeed it caused a change in productivity, a few 16(13.5%) disagreed while only
6(5%) were undecided as indicated in Figure 4.24. On the other hand all the 20(100%)
of the forest officers agreed that one of the impacts of the forest ecosystem was the

changes in productivity.
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Changes in Productivity
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Figure 4.24: Changes in Productivity
Source: Researcher (2021)

When the members of the households were asked if one of the impacts on the forest
ecosystem was functional traits composition, a majority at 90(75.7%) agreed, a few at
19(15.9%) disagreed, while only 10(8.4%) were undecided as demonstrated in Figure

4.25. On the other hand all the 20(100%) of the forest officers agreed.

Functional Trait Composition
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Figure 4.25: Functional Trait Composition
Source: Researcher (2021)

When asked if the forest ecosystem impact was that it led to species extinction or
range redistribution, a majority at 106(89.1%) agreed, a few at 10(8.4%) disagreed
while only 3(2.5%) were undecided (see Figure 4.26). On the same question, all the

20(100%) forest officers agreed. This shows that extinction of species or range
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redistribution of species was one of the impacts of forest ecosystem destruction as
agreed by Malhi et al., (2009) and IPCC (2013) that the effects of climate change
may have direct impacts on vegetation such as changes in productivity, functional
trait composition, species extinction or range redistribution. These changes may be
associated with increased drought stress, drying or dieback. Climate change can also
have indirect impacts on vegetation such as increased fire frequency. Global and
regional climate simulations for the next few decades project changes in precipitation

and warming that may severely impact major biomes all over the world.

Species Extinction or Range Redistribution
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Figure 4.26: Species Extinction or Range Redistribution

Source: Researcher (2021)

When the members of the households were asked if one of the impacts was increased
fire frequency, a majority at 61(51.2%) disagreed, 34(28.6%) agreed, while
24(20.2%) were undecided as shown in Figure 4.26. On the other hand, a majority at
19(95%) of the forest officers agreed, while only 1(5%) was undecided. This shows
that there was disagreement between the forest officers’ views and the members of the
households’ views but nonetheless, increased fire frequency was an impact of climate

change as observed by Malhi et al., (2009) and IPCC (2013).
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Increased Fire Frequency
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Figure 4.27: Increased Fire Frequency
Source: Researcher (2021)

When the members of the households were asked if one of the impacts of the forest
ecosystem was changes in precipitation and warming. The majority at 92(77.3%)
agreed, 27 (22.7%) disagreed and none was undecided as demonstrated in Figure
4.28. On the other hand all the 20(100%) of the forest officers agreed. This agrees
with the views of Chen and Chu, (2014) that changes in precipitation and warming

was one of the impacts of climate change in the Kakamega Tropical Rainforest

ecosystem.
Changes in Precipitation and Warming
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Figure 4.28 Changes in Precipitation and Warming
Source: Researcher (2021)
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4.5 Ecosystem-Based Adaptation to Climate Change in Kakamega Tropical

Rainforest

The fourth objective of this study was to evaluate Ecosystem-based Adaptation to

climate change in Kakamega Tropical Rainforest. In order to address this objective,

the researcher sought answers to several questions. The results are presented in Table

45.

Table 4.5: Ecosystem-based Adaptation to Climate Change in Kakamega

Tropical Rainforest

Category Agreed Undecided Disagreed Total
'TEM F % F % F % F %
EbA are measures HM 25 210 7 59 87 731 119 100
which use ecosystem
services to attain or FO 20 100 - ) ) ) 20 100
support adaptation to
climate change
EbA activities are HM 97 815 6 50 16 135 119 100
policy and behavioral FO 20 100 - - - - 20 100
changes
EbA activities are HM 89 748 16 134 14 118 119 100
targeted management  FO 18 90 2 10 - - 20 100
EbA activities are HM 87 731 10 84 22 185 119 100
conservation FO 18 90 2 10 - - 20 100
activities
EbA are restoration HM 87 731 10 84 22 185 119 100
of highly degraded FO 18 90 2 10 - - 20 100
dry forest
EbA activities is HM 87 731 15 126 17 143 119 100
reducing biodiversity Fo 20 100 - - - - 20 100
loss
Do you think forest HM 84 706 14 118 21 177 119 100
ecosystems helpto 17 8 3 15 - - 20 100

adopt or mitigate

climate
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KEY: HM-Household members.FO-Forest Officers

Source: Researcher (2021)

The respondents were first asked if they agree or disagree with the statement that
measures which use ecosystem services to attain or support adaptation to climate
change is what is indeed the definition of Ecosystem-based Adaptation. On this
question, a majority at 87(73.2%) disagreed, 25(21%) agreed while only 7(5.9%)

were undecided as can be seen in Figure 4.29. On the same question, all the 20(100%)

forest officers agreed with that definition.

EbA as Measures which use Ecosystem Services to
Attain or Support Adaptation to Climate Change
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Figure 4.29: EbA as Measures which use Ecosystem Services to Attain orSupport
Adaptation to Climate Change
Source: Researcher (2021)

When the members of the households were asked whether Ecosystem-based
Adaptation were policy and behavioural changes, a majority at 97(81.5%) agreed,
16(13.4%) disagreed, while only 6(5%) were undecided as show on Figure 4.30. On
the other hand, all the 20(100%) of the forest officers agreed that indeed Ecosystem-
based Adaptation were policy and behavioural changes. This is in line with the views

of Pramova et al., (2012).
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Policy and Behavioural Changes as EbA Initiative
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Figure 4.30: Policy and Behavioural Changes as EbA Initiative
Source: Researcher (2021)

When the members of the households were asked if the targeted management was
among the EbA initiatives implemented in Kakamega Tropical Rainforest, a majority
of the members of the household at 89(74.8%) agreed, 14(11.8%) disagreed and
another 16(13.4%) were undecided as demonstrated in Figure 4.31. On the other hand,

a majority of the forest officers at 18(90%) agreed and 2(10%) were undecided.

Targeted Management as EbA Initiative
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Figure 4.31: Targeted Management as EbA Initiative
Source: Researcher (2021)

On the issue of whether conservation activities were one of the EbA activities

implemented in Kakamega Tropical Rainforest, a majority of the members of the
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households at 87(73.1%) agreed, 22(18.5%) disagreed while 10(8.4%) were
undecided as shown in Figure 4.32. On the other hand, the majority of the forest
officers at 18(90%) agreed, while 2(10%) were undecided. Pramova et al., (2012) and
Thorlakson, & Henry, (2012) argue that EbA approaches include sustainable
management, conservation and restoration of ecosystems for the purpose of providing
services to help people adapt to climate change impacts. Specifically, for terrestrial
forest communities, EbA may include interventions of conserving or restoring forest
on the land slope to reduce landslides or losses of water or developing diversified
agroforestry to deal with climate variabilities; and conservation of agro biodiversity to

provide specific gene pools for crops or livestock to adapt to climate change.

Conservation Activities as EbA Initiative
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Figure 4.32: Conservation Activities as EbA Initiative

Source: Researcher (2021)

The members of the households were also asked if the restoration of the highly
degraded dry forest was one of the EbA initiatives implemented in the forest, and a
majority at 87 (73.1%) agreed, 22(18.5%) disagreed, while 10(8.4%) were undecided
as demonstrated in Figure 4.33. On the other hand, a majority at 18(90%) of forest

officers agreed and only 2(10%) were undecided. None disagreed.
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Restoration of Highly Degraded Dry Forest as EbA
Activity
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Figure 4.33: Restoration of Highly Degraded Dry Forest as EbA Activity
Source: Researcher (2021)

Asked if reduction on the biodiversity loss was one of the EDbA initiatives
implemented in the Kakamega tropical rainforest ecosystem, a majority at 87(73.1%)
of the members of the households agreed, 17(14.3%) disagreed and 15(12.6%) were
undecided as can be seen in Figure 4.34. On the other hand, all the 20(100%) forest
officers agreed. This shows that reduction of biodiversity loss was one of the EbA

initiatives in the area as noted by Pramova et al. (2012) and Thorlakson, T. & Henry,

N. (2012).
Reduction of Biodiversity Loss as EbA Activity
Implemented
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Figure 4.34: Reduction of Biodiversity Loss as EbA Activity Implemented
Source: Researcher (2021)
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When members of the households were asked their opinion if the forest ecosystem
helped to adapt or mitigate climate change, a majority at 84(70.6%) agreed,
21(17.7%) disagreed, while 14(11.8%) were undecided as indicated in Figure 4.35.
On the other hand, 17(85%) of the forest officers agreed and only 3(15%) were
undecided. This agrees with the views of Pramova et al. (2012) and Thorlakson, T. &

Henry, N. (2012) that forests help to mitigate climate change.

If Forest Ecosystem Helped to Adapt or Mitigate Climate
Change
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Figure 4.35: If Forest Ecosystem Helped to Adapt or Mitigate Climate Change
Source: Researcher (2021)

4.6 Challenges and Constraints Facing Implementation of EbA Initiatives in
Kakamega Tropical Rainforest

The fifth and last objective was to establish challenges and constraints facing

implementation of EbA initiatives in Kakamega Tropical rainforest. In a bid to answer

questions related to this objective, the study respondents were asked to respond to a

variety of issues. Table 4.6gives a summary of the issues raised.



Table 4.6: Challenges and Constraints Facing
Initiatives in Kakamega Tropical Rainforest
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Implementation of EbA

Category Agreed Undecided Disagreed Total
I'TEM F % F % F % F %
Continued uncertainties HM 42 353 9 76 68.0 57.1 119 100
around future climatic FO 16 80 4 20 - - 20 100
conditions
Higher population HM 86 723 5 4.2 28 235 119 100
growth rate FO 18 90 2 10 - - 20 100
Deforestation HM 95 798 1 08 23 194 119 100
FO 20 100 - - - - 20 100
Poverty HM 27 227 11 9.2 81 68.1 119 100
FO 16 80 4 20 - - 20 100
Economic reasons like ~ HM 21 176 14 118 84 706 119 100
fluctuation of markets  FO 17 85 3 15 - - 20 100
Physical reasons like HM 24 202 19 160 76 63.8 119 100
remoteness FO 18 90 2 10 - - 20 100
Social-political reasons HM 28 235 10 84 81 681 119 100
FO 19 95 1 5 - - 20 100

KEY: HM-Household Members.FO-Forest Officers

Source: Researcher (2021)

In reference to continued uncertainties around future climate change a majority at

68(57.1%) of the households disagreed, 42(35.3%) agreed while 9(7.6%) were

undecided as shown in Figure 4.36. On the other hand, the majority at 16(80%) of the

forest officers agreed and only 4(20%) disagreed. This shows that there were

differences in opinion between the two sets of respondents. Jones et al., (2012) argues

that when the impact of climate change on ecosystems is considered in tandem with

resulting impact to ecosystem services, significant uncertainty around the delivery of

ecosystem services under various climate change conditions remains (Jones et al.,

2012).
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Continued Uncertainities around Future Climate
Change as a Challenge Towards Implementation of
EbA Initiatives
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Figure 4.36: Continued Uncertainities around Future Climate Change as a
Challenge towards Implementation of EbA Initiatives

Source: Researcher (2021)

In reference to higher population growth rate as one of the constraints or challenges
facing the implementation of EbA initiatives, a majority at 86(72.3%) of households
agreed, 28(23.5%) disagreed, while 5(4.2%) were undecided as can be seen in Figure
4.37. On the other hand, a majority at 18(90%) of the forest officers agreed and only

2(10%) were undecided.

Higher Population Growth Rate as a Constraint to EbA
Initiative Implementation
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Figure 4.37: Higher Population Growth Rate as a Constraint to EbA Initiative
Implementation

Source: Researcher (2021)
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In relation to deforestation as one of the challenges facing the implementation of EbA
initiatives in Kakamega Tropical Rainforest ecosystem, a majority at 95(79.8%) of the
members of the households agreed that it was indeed a challenge, 23(19.3%)
disagreed, while only 1(0.8%) was undecided as shown in Figure 4.38. On the other
hand, all the 20(100%) of the forest officers agreed that deforestation was one of the
challenges facing the implementation of EbA initiatives in Kakamega Tropical

Rainforest.

Indeed, according to Butler (2009) deforested regions typically incur significant
adverse soil erosion and frequently degrade into wasteland. Moreover, these disregard
or ignorance of intrinsic value, lack of ascribed value, careless forest management and
incomplete environmental law are some of the factors that allow deforestation to
occur on a large scale. There are many root causes of deforestation, including
corruption of government institutions, the inequitable distribution of wealth and

power, population growth, overpopulation and urbanization.

Deforestation as a Challenge to Implementation of EbA
Initiatives
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Figure 4.38: Deforestation as a Challenge to Implementation of EbA Initiatives

Source: Researcher (2021)

When the members of the households were asked if poverty was one of the challenges

facing the implementation of EbA in Kakamega Tropical rainforest ecosystem, a
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majority at 81(68.1%) of households disagreed, while 27(22.7%) agreed, and a few
at11(9.2%) were undecided as demonstrated in Figure 4.39. A majority at 16 (80%) of
the forest officers agreed that poverty was one of the challenges facing the
implementation of EbA initiatives in Kakamega Tropical Rainforest while only
4(20%) were undecided, and non-disagreed with the statement. This agrees with the

views of Maraseni (2012) who argues that:

“To the poor who depend on forest ecosystems, forests link with poverty in a
complex way. On the one hand, forests provide them with food, timber
products and non-timber products, ecosystem services, and employment
opportunities that could help them reduce their poverty. On the other hand,
living in rural forest areas means heavily depending on natural-resources that
are increasingly unstable due to environmental changes like land degradation
and climate change” (Maraseni, 2012).

Poverty as a Challenge Towards Implementation of EbA
Initiatives
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Figure 4.39: Poverty as a Challenge towards Implementation of EbA Initiatives

Source: Researcher (2021)

When the members of the households were asked if economic reasons like fluctuation
of the markets was another challenge, a majority at 84(70.6%) disagreed, a few
21(17.6%) agreed while 14(11.8%) were undecided as demonstrated in Figure 4.40.
On the other hand, a majority at 17(85%) of the forest officers agreed with this

statement while only 3(15%) were undecided.
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Economic Reasons Like Fluctuation of the Markets
as a Challenge to the Implementation of EbA
Initiatives
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Figure 4.40: Economic Reasons like Fluctuation of the Markets as a Challenge to

the Implementation of EbA Initiatives
Source: Researcher (2021)

When members of the household were asked if physical reasons like remoteness was
a challenge to the implementation of EbA initiatives in the forest ecosystem, a
majority at 76(63.8%) of households disagreed, 24(20.2%) agreed, while 19(16.0%)
were undecided as indicated in Figure 4.41. On the other hand, 18(90%) of the forest
officers agreed while only 2(10%) were undecided. This shows that there was a
disagreement between the two groups of respondents with the members of the

households disagreeing while the forest officers agreed.

Physical Reasons Like Remoteness as a Challenge to
the Implementation of EbA Initiatives
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Figure 4.41: Physical Reasons like Remoteness as a Challenge to the
Implementation of EbA Initiatives

Source: Researcher (2021)
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When asked if the challenges that faced implementation of EbA initiatives were
related to social political reasons, a majority at 81(68.1%) agreed, 28(23.5%)
disagreed, while 10(8.4%) were undecided among the members of the households as
can be seen in Figure 4.42. On the other hand, a majority at 19(95%) of the forest
officers agreed that social political reasons were some of the challenges facing the
implementation of EbA in Kakamega Tropical rainforest ecosystem. None disagreed
and only 1(5%) was undecided. This shows that social political reasons were among

the challenges facing the forest ecosystem.

Socio-Political Reasons as a Challenge Towards the
Implementation of EbA Initiatives
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Figure 4.42: Socio-Political Reasons as a Challenge towards the Implementation
of EbA Initiatives
Source: Researcher (2021)

The respondents were asked to suggest ways in which the National/County
governments can have lasting solutions to the effects of climate change on Kakamega
Tropical Rainforest ecosystem. Among the members of the household, a majority at
43(36.1%) said that the management should allow the residents to benefit, followed

by those who said that the government should control the movement of animals
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39(32.8%), then followed by those who said that the government should formulate
relevant policies to check the ecosystem 24(20.2%), and the lastly 13(10.9%)
suggested that the forest should be guarded using an electric fence as demonstrated in

Figure 4.43.

Advice to the Government

= Responses

®m Management to Allow Residents to Benefit
Government to Control Movement of Animals

m Government to Formulate Policies

= Forest to be guarded Using Electric Fence
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Figure 4.43: Advice to the Government

Source: Researcher (2021)

On the other hand, when the forest officers were asked to give similar suggestions, a
majority of them 12(60%) said that the residents should benefit, then followed by
7(35%) who argued that the government should control the movement of animals and
only 1(5%) suggested that the forest be guarded by use of the electric fence. This
shows therefore that both categories of respondents are of the idea that residents
living around the forest ecosystem should be asked to help in conservation matters

and at the same time benefit from the forest ecosystem.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.0 Introduction
This section contains the summary of the findings, conclusions, recommendations and
suggestions for further research. The study sought to assess the Impact of Climate
Change and application of EbA in Kakamega Tropical Rainforest. The following is a

summary of the findings of the study.

5.1 Summary of Study Findings

The study came up with the following findings based on the objectives of the study:

5.1.1 Spatial and Temporal Characteristics of Climate Change

The members of the households were asked what they perceived to be climate change.
The majority viewed climate change as very extreme temperatures, very extreme
precipitation and also both as very extreme temperatures and precipitation, and this
shows that a majority of the members of the households’ respondents viewed climate

change as both extreme changes in both temperatures and precipitation.

The views on the same question posed to forest officers was not different, all the
forest officers agreed that climate change was having both very extreme temperatures
and precipitation. This shows that both the members of the households and the forest
officers were of the view that climate change was the cause of extreme temperatures

and precipitation.

A majority of both the members of the households and forest officers had witnessed
climate change in the area. This shows that climate change is a normal observable

occurrence that can be witnessed by people living near the forest.
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When the members of the households and forest officers were both asked to indicate
the spatial and temporal characteristics of climate change in Kakamega Tropical

Rainforest, the majority viewed that as a shift in the rainy and dry seasons.

A majority of both the members of the households and forest officers felt that one of
the spatial and temporal characteristics of climate change was drought. This shows
that the majority of the households’ respondents and forest officers’ respondents view
drought as one of the consequences of climate change. A majority of the members of
the households and forest officers also felt that one of the spatial and temporal
characteristics of climate change was intense rainfall. This shows that majority of the
members of the households and forest officers agreed that intense rainfall was part of

the effect of climate change.

A majority of both the members of the households and forest officers agreed that one

of the spatial and temporal characteristics of climate change was less rainfall.

5.1.2 Ecosystem Services of Kakamega Tropical Rainforest.

Majority of the members of the households disagreed that the services they received
from the forest ecosystem were a source of timber. However, when the same question
was posed to the forest officers, the opposite was true, with all the twenty forest
officers being in agreement with the fact that people used the forest as a source of

timber.

As a source of firewood, majority of the household members agreed that the forest
ecosystem indeed assisted them as a source of firewood. This was also in agreement
with forest officers who all agreed that the forest ecosystem was indeed used as a

source of firewood.
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When the members of the households were asked if the forest ecosystem was used as
a source of herbal medicine, a majority of them were in agreement. This was also true

for the forest officers who also agreed with the same question.

When members of the households were asked if the forest ecosystem is used as a
source of fodder for livestock, a majority of them were in agreement. A majority of
the forest officers also agreed that indeed the forest ecosystem was used as a source of

fodder for livestock.

Again, when the members of the households and forest officers were asked if the
forest ecosystem was used as a source of food, both categories of respondents agreed

that the forest ecosystem was indeed used as a source of food.

When both the members of the households and forest officers were asked if the forest
ecosystem prevents storms, a majority of the household members agreed while all the
twenty forest officers interviewed agreed that the forest ecosystem indeed prevents

storms.

When asked if the forest ecosystem controls floods, a majority of both the members of

the households and forest officers agreed that it indeed controlled floods.

When the members of the households and forest officers were asked if the ecosystem
service helps in cloud formation, a majority of both categories of the respondents
agreed on the same question. Therefore forests help with cloud formation and

precipitation.

When the members of the households were further asked if the ecosystem helps in
greenhouse gas regulation, a majority of both the household members and forest

officers agreed. Thus forests indeed regulate greenhouse gases in the atmosphere.
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5.1.3 Impacts of Climate Change on Kakamega Tropical Rainforest Ecosystem

The researcher sought to know if one of the impacts was changes in productivity, and
on this question a majority of the members of the households were in agreement,
while all the forest officers agreed that one of the impacts of the forest ecosystem was

the changes in productivity.

When the members of the households were asked if one of the impacts of climate
change on the forest ecosystem was functional traits composition, a majority of the
members of the households agreed, while all the twenty forest officers interviewed

also agreed.

A majority of the members of the households and forest officers agreed that one of the
impacts of the forest ecosystem was that it led to species extinction or range
redistribution. This shows that extinction of species or range distribution of species

was one of the impacts of forest ecosystem destruction.

When the members of the households were asked if one of the impacts was increased
fire frequency, a majority of them disagreed while a majority of forest officers agreed.
This shows that there was disagreement between the forest officers’ views and those

of the members of the households.

When the members of the households and forest officers were asked if one of the
impacts of the forest ecosystem was changes in precipitation and warming, both the
members of the households and forest officers were in agreement. Thus changes in
precipitation and warming was one of the impacts of climate change in the Kakamega

forest ecosystem.
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5.1.4 Ecosystem-Based Adaptation to Climate Change in Kakamega Tropical
Rainforest

The respondents were first asked if they agree or disagree with the statement that

measures which use ecosystem services to attain or support adaptation to climate

change is what is indeed the definition of Ecosystem-based Adaptation. On this

question, a majority of the household members disagreed while on the other hand a

majority of the forest officers agreed with the statement.

When the members of the households were asked which Ecosystem-based Adaptation
initiative, have been implemented in Kakamega Tropical rainforest, and if policy and
behavioral changes were among the initiatives implemented, a majority of the

members of the households agreed, while all of the forest officers agreed on the same.

Both the household members and forest officers agreed that the targeted management

was among the EDbA initiatives implemented in Kakamega Tropical Rainforest.

The members of the households were also asked if the restoration of the highly
degraded dry forest was one of the EbA initiatives implemented in the forest, and a

majority of both the members of the households and forest officers agreed.

A majority of the members of the households and all the forest officers agreed that
reduction on the biodiversity loss was one of the EbA initiatives implemented in the
Kakamega Tropical Rainforest ecosystem. This shows that reduction of biodiversity

loss was one of the EbA initiatives in the area.

When members of the households were asked their opinion, if the forest ecosystem
helped to adapt or mitigate climate change, a majority of the members of the

households and forest officers agreed.



124

5.1.5 Challenges and Constraints Facing Implementation of EbA Initiatives in

Kakamega Tropical Rainforest Ecosystem

In reference to continued uncertainties around future climate change, a majority of the
members of the households agreed, while a majority of the forest officers disagreed.
This shows that there were differences in opinion between the two sets of

respondents.

In reference to high population growth rate as one of the constraints or challenges
facing the implementation of EbA initiatives, a majority of both the household

members and the forest officers agreed.

In relation to deforestation as one of the challenges facing the implementation of EbA
initiatives in Kakamega Tropical Rainforest ecosystem, a majority of the members of
the households and all the forest officers agreed that deforestation was a challenge

facing implementation of EbA initiative in the forest ecosystem.

A majority of the members of the households disagreed, while a majority of the forest
officers agreed that poverty was one of the challenges facing implementation of EbA

initiatives in the forest ecosystem.

When the members of the households were asked if economic reasons like fluctuation
of the market was another challenge, a majority of the members of the household and

forest officers agreed to this statement.

A majority of the household members disagreed, while a majority of the forest
officers agreed that physical reasons like remoteness was a challenge in the forest

ecosystem. This shows that there was a disagreement between the two groups of
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respondents with the members of the households disagreeing while the forest officers

agreeing with the statement.

A majority of the members of the households and the forest officers agreed that social
political reasons were one of the challenges facing the forest ecosystem. This shows

that social political reasons were among the challenges facing the forest ecosystem.

The respondents were asked to suggest ways in which the national and county
governments could have lasting solutions to the effects of climate change on
Kakamega tropical rainforest ecosystem. Among the members of the households, a
majority said that the management should allow the residents to benefit, followed by
those who said that the government should control the movement of animals, then
followed by those who said that the government should formulate relevant policies to
check the ecosystem and the lastly those who suggested that the forest should be

guarded using an electric fence.

On the other hand, when the forest officers were asked to give similar suggestions, a
majority also said that the residents should benefit, followed by those who argued that
the government should control the movement of animals and only one of them
suggested that the forest be guarded by the use of the electric fence. This shows
therefore that both categories of respondents are of the idea that residents living
around the forest ecosystem should be asked to help in conservation matters and at the

same time benefit from the forest ecosystem.
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5.2 Conclusions

1.

This study concluded that Spatial and Temporal Characteristics of Climate
Change were very extreme temperatures and precipitation. Majority of the
respondents had witnessed climate change in the area.

Kakamega Tropical Rainforest is a source of many ecosystem services to
the surrounding community; timber, firewood, herbal medicine, fodder for
livestock, prevent storms, control floods, cloud formation and greenhouse
gas regulation.

The impact of climate change on Kakamega Tropical Rainforest Ecosystem
were changes in productivity, functional traits composition, changes in
precipitation and warming, species extinction or range redistribution.
However, there was disagreement to some extent on whether the increased
fire frequency was indeed an impact on the forest ecosystem.

Ecosystem based adaptation measures are services used to attain or support
adaptation to climate change. Another initiative was restoration of the
highly degraded dry forest, reduction on the biodiversity loss was also one
of the EbA initiatives implemented in the Kakamega tropical rainforest
ecosystem, the forest ecosystem also helped to adapt or mitigate climate
change.

High population growth rate, uncertainties around future climate change,
deforestation, poverty, economic reasons like fluctuation of markets are
some of the constraints or challenges facing the implementation of EbA

initiatives.
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5.3 Recommendations

1.

There is need for afforestation and conservation of the Kakamega Tropical
Rainforest so that we can get rid of very extreme temperatures and very
extreme precipitation since many respondents had witnessed climate change in
the area due to the destruction of the ecosystem.

There is need to conserve the Kakamega Tropical Rainforest as it is a source
of many services to the surrounding community such as timber, firewood,
herbal medicine, fodder for livestock, prevents storms, control floods, cloud
formation and greenhouse gas regulation.

There is need to conserve Kakamega Tropical Rainforest Ecosystem to get rid
of changes in productivity, functional traits composition, changes in
precipitation and warming, species extinction or range redistribution.

The organizations responsible such as KFS ought to take the Ecosystem based
adaptation measures to attain or support adaptation to climate change such as
restoration of the highly degraded dry forest, reduction on the biodiversity loss
was one of the initiatives implemented in the Kakamega tropical rainforest
ecosystem, the forest ecosystem also helps to adapt or mitigate climate
change.

The government need to address the challenges facing the implementation of
EbA initiatives in Kakamega Tropical Rainforest Ecosystem such as High
population growth rate, uncertainties around future climate change,

deforestation, poverty, economic reasons like fluctuation of markets etc.
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5.4 Suggestions for Further Research
To further understand the Impact of Climate Change on forest ecosystems in Kenya
with emphasis to application of EbA to climate change in Kakamega Tropical
Rainforest Ecosystem, the study suggests areas for further research that may provide
more insights on the successes and challenges and lessons learned such as:

1. This study can be replicated in the other forest ecosystems with similar

characteristics in Kenya and the world.
2. A study on the effects of Forest destruction on the social-economic conditions

of the neighboring communities.
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APPENDICES
Appendix I: Questionnaire for Heads of Households

IMPACT OF CLIMATE CHANGE ON FOREST ECOSYSTEMS IN KENYA:
APPLICATION OF ECOSYSTEM BASED ADAPTATION TO CLIMATE
CHANGE IN KAKAMEGA FOREST ECOSYSTEM

PREAMBLE

I am John Ayieko Aseta a lecturer at Kaimosi Friends University College (Constituent
College of Masinde Muliro University of Science and Technology). | am a PhD
candidate at Moi University Department of Geography. | am carrying out research on
“Impacts of Climate Change on forest Ecosystems in Kenya: Application of
Ecosystem Based Adaptation to Climate Change in Kakamega Forest Ecosystem.”
The researcher hopes that the findings of this study will help solve the problem, guide
future policy and restore the confidence of people living in this area. You are one of
the people selected to participate in this study. Your responses will be treated with
confidentiality during and after the study and used solely for academic purpose. Your

participation is highly appreciated.

SECTION A: RESPONDENTS IDENTIFICATION
1. Location

2. Distance from the Forest

SECTION B: DEMOGRAPHIC AND SOCIO-ECONOMIC
CHARACTERISTICS
3. Gender of the respondent: Female o Male o

4. Age of the respondent

5. Please mark the highest level of education reached by respondent:

i. Primary m
ii. Secondary m
iii. Tertiary m

iv. Others (specify)




6. Please indicate the work you do
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Peasant Civil servant Business person D Large scale farmer

Others specify

7. Income per Month

8. How long have you lived in this area?

Less than one year 1-5 years 6-10 years over 10 years

[ ] I e U e B

SECTION C: SPATIAL AND TEMPORAL CHARACTERISTICS OF
CLIMATE CHANGE IN KAKAMEGA TROPICAL
RAINFOREST

Tick ¥ where necessary on the box provided.

9. What is Climate Change?

Responses SA|A|UD

D|SD

Very extreme temperatures

Very extreme precipitation

Very extreme temperatures and precipitation

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

10. Have you witnessed changes in the climate in the previous years in this area?

Yes |:|
No I:I

11. If yes, what are the visible changes for you?

Responses SA |A|UD

D|SD

Shift in the rainy and dry season

Droughts

Intense rainfall

Less rainfall

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree
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SECTION D: ECOSYSTEM SERVICESOF KAKAMEGA TROPICAL RAIN
FORESTOF KAKAMEGA COUNTY, KENYA

Tick v where necessary on the box provided.

12. What are the Ecosystem services of Kakamega Tropical Rainforest?

Responses SA A ub | D SD

Source of timber

Source of firewood

Source of herbal medicine

Source of fodder for livestock

Source of food

Prevents storms

Flood control

Cloud formation

Greenhouse gas regulation

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

SECTION E: IMPACTS OF CLIMATE CHANGE ON KAKAMEGA
TROPICAL RAIN FOREST ECOSYSTEM

Tick V where necessary on the box provided.

13. What are the impacts of climate change on Kakamega Tropical Rainforest?

Responses SA A ub |D SD

Changes in productivity

Functional trait composition

Species extinction or range redistribution

Increased fire frequency

Changes in precipitation and warming

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree
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SECTION F: ECOSYSTEM-BASED ADAPTATION TO CLIMATE CHANGE
IN KAKAMEGA TROPICAL RAIN FOREST

Tick V where necessary on the box provided.

14. What is Ecosystem-Based Adaptation?

Responses SA |A|UD |D|SD

Measures which use ecosystem services to attain or

support adaptation to climate change.

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

15. Which are the EbA initiatives implemented in Kakamega Tropical Rainforest?

Responses SA A ub | D SD

Policy and behavioural changes

Targeted management

Conservation activities

Restoration of highly degraded dry forest

Reducing biodiversity loss,

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

16. Do you think that the forest help to adapt or mitigate climate change?

Yes I:I
No l:l

17. If Yes, specify




151

SECTION G: CHALLENGES AND CONSTRAINTS FACING
IMPLEMENTATION OF EBA INITIATIVES IN KAKAMEGA
TROPICAL RAIN FOREST

Tick ¥ where necessary on the box provided.

18. What are the challenges and constraints facing implementation of EbA initiatives

in Kakamega Tropical Rainforest?

Responses SA A UbD |D SD

Continued uncertainties around future
climate conditions

Higher population growth rate

Deforestation

Poverty

Economic reasons like the fluctuation of

markets

Physical reasons like remoteness

Social-political reasons

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

19. What advice can you give the national/county government to have a lasting
solution to the effects of climate change on Kakamega Tropical Rain Forest

Ecosystem?
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Appendix Il: Interview Schedule for Government Officials (Kenya Forest
Service Officers)

IMPACT OF CLIMATE CHANGE ON FOREST ECOSYSTEMS IN KENYA:
APPLICATION OF ECOSYSTEM BASED ADAPTATION TO CLIMATE
CHANGE IN KAKAMEGA FOREST ECOSYSTEM

PREAMBLE

I am John Ayieko Aseta a lecturer at Kaimosi Friends University College (Constituent
College of Masinde Muliro University of Science and Technology). | am a PhD
candidate at Moi University Department of Geography. | am carrying out research on
“Impacts of Climate Change on forest Ecosystems in Kenya: Application of
Ecosystem Based Adaptation to Climate Change in Kakamega Forest Ecosystem.
”This Interview Schedule is meant to elicit information, which will shed light on the
same. You are therefore requested to carefully respond to these question items with
utmost honesty. The information you provide is confidential and will not under any
circumstance be divulged to any other person. Do NOT reveal your identity anywhere

on this paper.

SECTION A: RESPONDENT IDENTIFICATION
1. Location

2. Distance from the Forest

SECTION B: DEMOGRAPHIC AND SOCIO-ECONOMIC
CHARACTERISTICS

Tick  where necessary on the box provided.
3. Gender of the respondent: Female o Male o

4. Age of the respondent

5. Please mark the highest level of education reached by respondent:

i. Primary m
ii. Secondary m
iii. Tertiary i

iv. Others (specify)

6. When were you appointed to this position?




7. How long have you lived in this area?
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SECTION C: SPATIAL AND TEMPORAL CHARACTERISTICS OF
CLIMATE CHANGE IN KAKAMEGA TROPICAL

RAINFOREST

Tick V where necessary on the box provided.

8. What is Climate Change?

Responses

SA

A | UD

SD

Very extreme temperatures

Very extreme precipitation

Very extreme temperatures and precipitation

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

9. What are the spatial and temporal characteristics of climate change in Kakamega

Tropical Rainforest?

Responses

SA

ub D

SD

Shift in the rainy and dry season

Droughts

Intense rainfall

Less rainfall

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree
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SECTION D: ECOSYSTEM SERVICESOF KAKAMEGA TROPICAL RAIN
FOREST

Tick ¥ where necessary on the box provided.

10. What are the Ecosystem services of Kakamega Tropical Rainforest?

Responses SA A ub | D SD

Source of timber

Source of firewood

Source of herbal medicine

Source of fodder for livestock

Source of food

Prevents storms

Flood control

Cloud formation

Greenhouse gas regulation

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

SECTION E: IMPACTS OF CLIMATE CHANGE ON KAKAMEGA
TROPICAL RAINFOREST ECOSYSTEM

Tick ¥ where necessary on the box provided.

11. What are the impacts of climate change on Kakamega Tropical Rainforest?

Responses SA A ub |D SD

Changes in productivity

Functional trait composition

Species extinction or range redistribution

Increased fire frequency

Changes in precipitation and warming

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree
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SECTION F: ECOSYSTEM-BASED ADAPTATION TO CLIMATE CHANGE

IN KAKAMEGA TROPICAL RAIN FOREST.

Tick V where necessary on the box provided.

12. What is Ecosystem-Based Adaptation (EbA)?

Responses

SA | A

ub

SD

support adaptation to climate change.

Measures which use ecosystem services to attain or

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

13. Which are the EbA initiatives implemented in Kakamega Tropical Rainforest?

Responses

SA

A

ub

D

SD

Policy and behavioural changes

Targeted management

Conservation activities

Restoration of highly degraded dry

forest

Reducing biodiversity loss,

Others (specify)

SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

14. Do you think that the forest help to adapt or mitigate climate change?

\N(es l:l
]

15. If Yes, specify
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SECTION G: CHALLENGES AND CONSTRAINTS FACING
IMPLEMENTATION OF EBA INITIATIVES IN KAKAMEGA
TROPICAL RAIN FOREST

Tick ¥ where necessary on the box provided.

16. What are the challenges and constraints facing implementation of EbA initiatives

in Kakamega Tropical Rainforest?

Responses SA A ub | D SD

Continued  uncertainties  around
future climate conditions
Higher population growth rate

Deforestation

Poverty

Economic reasons like the
fluctuation of markets
Physical reasons like remoteness

Social-political reasons
Others (specify)
SA - Strongly Agree, A- Agree, UN- Undecided, D- Disagree, SD - Strongly Disagree

17. What advice is your office giving the national/county government to have a
lasting solution to the effects of climate change on Kakamega Tropical Rain Forest

Ecosystem?




Appendix I11: Krejcie and Morgan Table

N & N & N &
10 10 220 140 1200 2m
15 14 230 144 1300 207
20 19 240 148 1400 302
25 24 250 152 1500 306
30 28 260 155 1a00 310
35 32 270 158 1m0 313
40 36 220 162 1500 317
45 40 290 165 1900 320
a0 44 300 168 2000 322
55 4z 320 175 2200 327
1] 53 340 181 2400 33
L] 56 360 186 2600 335
0 9 380 191 2800 338
) a3 400 196 3000 34
20 ft 420 201 3300 346
25 0 440 205 4000 351
a0 3 460 210 4500 354
95 i 420 214 5000 357

100 a0 500 27 6000 381

110 26 550 226 7000 364

120 o3 600 234 2000 367

130 o7 650 242 0000 368

140 103 F00 248 10000 370

150 10% 50 254 15000 375

160 113 200 260 20000 am

170 118 250 265 30000 3m

130 123 Q00 269 40000 380

190 127 Q50 214 50000 381

200 132 1000 218 75000 382
210 136 1100 285 1000000 324

HMote —Mis popalation size.

iz sarnyle sime.

Source: Krejeie & Morgan, 1970
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Appendix 1V: Research Authorization
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