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ABSTRACT

Climate variability has affected the economies and agricultural sectors of the world in
the 21 century negatively. This is because crop growth, development and subsequent
yields depend on climatic conditions such as seasonal temperature, rainfall amounts,
distribution and reliability. Currently, climate variation and change have become a
global challenge and have no spatial boundary. These have had profound negative
effects on the economies of the world and in particular tea production. Severe weather
such as torrential rains, dry spells and hailstones have become frequent and these have
affected tea production. Kisii County’s tea farming largely depend on rain-fed
conditions which are affected by the weather instabilities that cause climate variability,
leading to fluctuations of diverse crop production and particularly tea yields. This study
examined the effects of climate variability on small-scale tea production in Kisii County.
The objectives of the study were: to examine the trends of temperature, precipitation and
tea yields from 1995 to 2019 in Kisii County; to evaluate the effects of rainfall and
temperature variations on tea yields in Kisii County; to assess the perception of tea
farmers on the effect of temperature and rainfall variations on tea production and; to
evaluate mitigative measures put in place by tea farmers to curb the effects of climate
variability in Kisii County. The study adopted a correlational research design to examine
the relationship between rainfall and temperature variations and tea yields. The study
targeted 120,000 small-scale tea farmers, Kisii Meteorological Department and six
Kenya Tea Development Agency factories in Kisii County. The sample size was 400
small scale tea farmers and three KTDA factories. Inclusion and exclusion criteria were
used to choose three factories, while random sampling was used to select 400 small scale
tea farmers. The study used questionnaires to collect primary data from small-scale tea
farmers and document analysis was used to collect secondary data. Interview schedules
were used to collect data from the field service coordinators. Data collected from
questionnaires was analyzed using measures of central tendency and presented in line
and bar graphs, tables and pie charts. Mann-Kendall (MK) test and Sen’s slope was used
to detect trends of meteorological variables while Karl Pearson Coefficient of
Correlation was used to analyze the effect of rainfall and temperature variation on tea
production. The results indicated that there was a significant negative rainfall trend for
January where rainfall had been decreasing at an average of 3.415 mm during the study
period. Temperatures also depicted a positive trend though only trends for January and
July were statistically significant (p<0.05). Concerning tea yields, there were negative
significant trends in February, March, June, July and December. The study will be
significant to tea farmers and will contribute to existing literature. The study
recommends that farmers should keep records of monthly tea production, harvest water
during the rainy season, and use protective clothing, cloves, overalls and caps to keep
warm during the cold season and conserve soil moisture through mulching. The study
suggests that a comparative study be done in other counties in Kenya
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CHAPTER ONE
INTRODUCTION

1.1 Background of the Study

Climate variability has seriously affected the economies and agricultural sectors of the world
in the 21% century (FAO, 2018: Muoki, 2020). This is because crop growth, development and
subsequent yields depend on climatic conditions such as seasonal temperature, rainfall
amounts, distribution and reliability. These variations affect the quantity and quality of crop
yields (Kabubo- Mariara & Karaja 2007; Di Falco & Veronesi, 2013; Attavanich & Mc Carl,
2014; Serdeczny et al., 2016; Pereira, 2017; Somboonsuke, Phittayaphinant, Sdoodee &
Kongomance, 2018; Yamba et al., 2019). IPCC, (2019), has observed that food security in the
world has been threatened by changes and variations in climate majorly because of variations
in temperatures, unreliable rainfall cycles and greater frequency of some severe weather
events with these changes differing in many regions of the world. It has also been observed
that outputs for crops such as cereals have decreased in low latitude areas while the output of

the same crops have increased in many higher-latitude regions over recent decades.

Further, it has been noted that climate extremes have been on the rise since the 19" century
(Asadieh et al., 2016). The evaluation report by IPCC shows that in many nations of the world
temperatures have risen, prolonged dry spell and rainfall phases have been experienced (Mann
& Gleick, 2015; Campell, Vermeulen & aggarwal, 2016; IPCC, 2019), which have had serious
effects on crop production. Changes in these climatic elements have affected natural
ecosystems, food systems, livelihoods, infrastructure and cash crop production (IPCC, 2019).
Climate variability which is measured in terms of climatic anomalies, such as floods and
prolonged droughts as observed since 1950s, have been attributed to anthropogenic influences

have led to the increase of global mean surface temperatures (IPCC, 2014; 2019) which have
1



affected crop production. Further from 1970 it has been observed that worldwide arid-like
conditions have risen drastically as evidenced by drought which has been experienced areas
found in South part of Europe, East and South Asia, East parts of Australia and Africa with
dry areas increasing from seventeen percent in 1950 to about twenty seven percent in 2000

(Dai, 2010, 2011).

In Thailand, climate variability has had tremendous impacts on agriculture in many parts
especially Southern part of the country including Songkhla Lake Basin. This is attributed to
increased temperatures, irregular rainfall patterns, abnormal tropical storms and severe
flooding (Somboonsuke, Phittayaphinant, Sdoodee & Kongomance, 2018). In California,
climate variability evidenced by prolonged droughts from 1995 to 2014 has also had negative
impacts on the agricultural sector. These droughts are caused by increase of temperatures as
a result of anthropogenic activities (Diffenbaugh, Swain &Touma, 2015; Mann & Gleick,
2015). A study by Serdeczny et al. (2016), shows that in Sub-Saharan Africa crop production
has been affected by climate variability and change as a result of increase in temperature,

rainfall variations and patterns, severe weather events and rise of water levels in the sea.

According to the World Meteorological Organization (WMO, 2018), the physical signs and
socio- economic impacts of climate variability and change are accelerating as increase in
greenhouse gas concentrations drive global temperatures towards increasing dangerous levels.
Studies have shown that in the last a hundred years, world temperatures have increased by
0.74°%c (GoK, 2017). The IPCC fifth report (AR5) has indicated that the last thirty years have
been warmest as per the records from the meteorological data with each preceeding decade

being warmer than the previous (IPCC, 2014).



Changes in precipitation patterns have increased short- term and long-term failures and rises
in crop production (IPCC, 2007). Most tea growing countries have experienced drastic
reduction in tea production which may be attributed to variations of local climate variation
and other factors such as soil health and agronomic practices (Owour et al., 2011; Bore, 2015).
It has been noted that in India, warmer monthly temperatures and precipitation variability and
in particular intensity affect tea yield negatively (Duncan et al., 2016). Also, Gawabhati, (2013)
as quoted by Bett (2018) noted that tea production in India is expected to consistently pick up
from the month of April but due to variation of weather conditions in the preceding months
of February and March, there has been drastic fluctuations in production. Further, heavy

precipitation and high temperatures lowers production and tea quality (Nianthi, 2018).

Extremely high daytime temperatures damage and occasionally make the tea plant to wilt and
dry (Lehmann, 2011). It has also been observed that variations in rainfall and temperature can
lead to the multiplication and growth of weeds and diseases causing organisms like pests and
diseases which makes it expensive to control them (FAO, 2016). Further, it has been noted
that increase in the population of tea mosquito bugs which affect tea leaves is associated with
higher temperatures, humidity and rainfall (Roy, 2015; Reay, 2019). These changes in
precipitation and temperature variations are brought by the EI Nino Southern Oscillation and
have affected most crop species and the entire ecosystems, human economy and society at

large (IPCC, 2007).

Agriculture is the mainstay of local livelihoods and a major contributor of income and Gross
Domestic Product (GDP) especially in developing economies in Africa. But it has been
observed that most of these countries are vulnerable to climate variability and change, which

results from over dependence on rain-fed conditions and lower capacities in adaptability



(Belloumi, 2014; Mendelsohn, 2009; Muema, Mburu, Coulibaly, & Mutune, 2018). As a
result of the above, climate variability has posed a major challenge in many sectors of Sub-
Saharan Africa (SSA) countries including agriculture as its effects are manifested by droughts,

floods and unpredictable rains (FAO, 2016; IPCC, 2001).

Observational records have also shown that during the 20" century the temperatures in the
African continent rose by about 0.05°C per every ten years with slightly higher temperatures
in the season from June to November as compared from December to May (Hulme et al.,
1998; IPCC, 2001). Such extreme temperatures affect the rate of plant development which in
turn affect crop yields (Hatfield & Prueger, 2015). It is reported that the warmst years were
1988 and 1995 in the 20" century. The same trend was experienced worldwide with rapid
increase in temperature being experienced from 1910 to 1930 and post 1970 (IPCC, 2001).
The WMO report and NASA have also indicated that the years that is 2015, 2016 2017 and
2018 were warmest in record with the global average temperatures in 2018 being higher in

nearly 140 years of records kept (WMO, 2019).

These changes in temperatures have affected precipitation patterns which in turn has affected
crop productivity. It has also been noted that the patterns of the average and maximum
temperatures in tea producing regions have undergone marked changes in the recent past
(Dutta, 2014). Further, extreme weather events, such as drought, heavy, torrential rains and
frosts, have become more frequent, and these phenomena have had negative effects on
agricultural systems in general and on tea production in particular (Bett, 2018; FAO, 2016;

Gunathilaka, Smart & Fleming, 2017).

Climate variability and change have been experienced in East Africa as clearly shown by the
disappearance on snow from the Mountain tops of Mount Kenya, Ruwenzori and Kilimanjaro.

4



Further climate data has revealed that temperatures have increased by between 0.9 and 1.2%
while rainfall has declined at an average of 20 to 100 millimeters for every ten years (USAID,
2017). Climate forecasts and predictions in the region have indicated that areas receiving high
rainfall are likely to become wetter while arid and semi-arid regions are expected to become
drier (Orindi & Eriksen, 2005). These changes in rainfall patterns and temperature variations

in East Africa have had profound effects on agricultural production and ecosystem services.

In Kenya, climatic variability and change have threatened crop production through unreliable
rainfall, increased temperatures and insufficient soil moisture. Temperature increases have
been observed across all seasons, in western and central parts of Kenya, especially from March
to May and the long rainy season has become shorter and drier, and the short rainy seasons
have become longer and wetter while the annual rainfall remains low (Ayugi & Tan, 2018;
GOK, 2018; Sagero, Shisanya & Makokha, 2018). According RoK (2013) temperatures have
increased by 0.7%- 2.0% over the last forty years. A study conducted by Ochieng, Kirimi and
Mathenge (2016) in Kenya has revealed that variation and change in climate have adversely
affected the agricultural sector and the situation will worsen in future as a result of these

variations.

Since 1960s, minimum and maximum temperatures in Kenya have increased by
approximately 1.0%c at an average rate of 0.21° ¢ for every ten years. Precipitation fluctuations
have been experienced with rainfall extremes of greater intensity being experienced (World
Bank, 2020). Data obtained from the Kenya Meteorological Department (KMD) has shown
an increasing trend of temperature since 1960. In the continental areas, both minimum and
maximum temperatures have increased (GOK, 2017). Further, droughts have been

experienced after every 3 to 4 years and utmost droughts occurring every ten years since 2000



(NEMA, 2015). These climate variations have affected rain-fed agriculture which supports a
large portion of the Kenyan population. About seventy five percent of Kenyan people depend
on agricultural foods and earning from cash crops that contributes twenty six percent of the
Gross Domestic Product and sixty percent of the foreign exchange earnings (Perret, 2006).
These climate variations have potentially affected agricultural production which essentially
affects the rural economy, food security, and balance of trade leading to reduced foreign
exchange earnings (Kariuki, 2016). A study by Thornton (2011) found out that climate change
has negatively affected crop production in Kenya due to dominance of rain-fed agriculture,

low adaptive capacity, and inadequate funds to cope with these changes.

In Kenya, an estimated 560,000 smallholders account for 62% of total tea production. But
research has shown that regions of the world which relie on rain fed have been affected by
climate variability ( Thornton, Ericksen, Herrero & Challinor, 2014). Further, changes and
variations in climate have endangered the lives of smaller holder farmers because most of
them rely on rain-fed agriculture and financial support that can help them invest in more
climate resilient agriculture (Morton, 200; Holland, 2017). During the recent years, the tea
industry has been faced with challenges such as; low yields from smallholder farms, high cost

of production and impacts caused by climate change and variability (Nyaga, 2017).

In Kenya tea is grown in several sub counties which include Kericho, Bomet, Nandi, Kiambu,
Thika Maragua, Sotik, Muranga, Kisii, Nyamira, Nyambene, Meru, Nyeri, Kirinyaga, Embu,
Kakamega, and Trans-Nzoia (Gesimba, Liu, Langat & Wolukau, 2005). Although, these sub
counties that grow tea receive adequate amounts of rainfall, prolonged drought which occur
during some months of the year, yearly and after three to four years (USAID, 2017; Kogo,

2020), high intensity rains, hailstones and frosts (Muoki, 2020), have affected production


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Thornton%2C+Philip+K
http://ascidatabase.com/author.php?author=M.C.%20Langat&last=
http://ascidatabase.com/author.php?author=J.N.%20Wolukau&last=

leading to fluctuations in output which can be as high as between 285 million to 300 million
kilograms per year (Gesimba et al., 2005; USAID, 2017). It has also been noted that Kenya
will continue experiencing losses in production due to rainfall and temperature variations

(Herrero et al., 2010).

In Kisii County, smallholders play an important role in tea sub-sector and other parts of the
world. Tea production in this County mainly rely on rain-fed conditions which is highly
vulnerable to environmental instabilities (FAO, 2016; CIAT, 2019). Weather instabilities such
as heavy and unreliable rainfall and extreme temperatures have been experienced (ASDP,
2014). Agriculture, Fisheries and Food Authority, AFFA, (2014) has noted that over the last
decade, tea production per hectare has been fluctuating in tea growing regions of Kenya.
Despite the debate on climate variability and crop production, most studies have been carried
in the arid and semi-arid areas and others in tea estates (Bett, 2018). Only a few studies have
analyzed variation in temperature and rainfall on tea production in the last thirty years in Kisii
County. Lesthatma (2017) who did a study on the suitability of tea growing area in Kenya
under changing climate. It is on this basis that this research was conducted in Kisii County to

evaluate the effect of climate variability on fluctuations of tea yield in the County.

1.2 Statement of the Problem

Tea production in the world depends on stability of weather as the crop is cultivated under
rain fed conditions. Currently, climate variation and change have become a global challenge
and have no spatial boundary. This has affected crop production from region to region in
different ways. In the Asian and African continents, tea farming is a major source of livelihood
for millions of people, but in the past three decades, tea growing countries have witnessed

disturbing trends of decline in tea yield and its productivity (FAO, 2016). Studies have
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indicated that Kenya has been experiencing increasing temperatures and decreasing trends in
annual rainfall with high variability within seasons in many parts of the country (Government
of Netherlands, 2019; USAID, 2018). Leshamta, (2017) and Kenya Meteorological
Department (2020) that have shown in Kisii County Day time temperatures have increased by
0.5% and minimum temperature by 0.6% and; increased inter-annual rainfall variability and
increased recurrency of extreme climatic episodes such as floods and droughts. These have
affected tea production which in turn affected small scale tea farmers who have limited options

as they rely on rain—fed conditions for their production.

As a result of this, smallholder tea farmers who depend on rains for their tea production have
become more vulnerable and experience unsteady production as revealed by Kenya Tea

Development Agency and Tea Directorate in table 1.1



Table 1.1: Tea Production in Kenya for selected years for smallholder, Kenya Tea

Development Agency (KTDA)

Year Production in kg Area in hectares Production in kg per hectare
1995 138,945,451 80,355 1729
1996 144,070,653 81,159 1775
1997 129,707792 84,657 1532
1999 153,855,363 84, 658 1817
2000 145,546,258 85,085 1710
2001 181,725,815 85,511 2125
2004 192,552,108 87,954 2189
2005 197,721,421 92,682 2133
2006 191,177,061 95,779 1996
2013 249,835,115 127,352 1961
2014 262,418,610 128,621 2040
2015 237,596,298 134,187 1770
2016 265,609,320 138,382 1919
2017 246,127,077 141,150 1743

Source: East Africa Tea Trade Association, EATA (2015), AFFA, 2014, Tea Directorate, 2019

From the table 1.1, it is evident that even though land under tea acreage is increasing
production has been fluctuating. Though, Bett (2018) has done a study on the effects of climate
variability on tea production in the tea estates of Kericho County; Leshamta (2017) has
examined the suitability of tea-growing zones in Kenya under changing climate and Otiso
(2016), examined the effects of rainfall on farming practices among households of Kisii
Central Sub- County, there is no known study that has typified the association of climate
variability and tea yields in Kisii County. To fill this knowledge gap, the study correlated the

effect of climate variability on tea production in Kisii County.



1.3 Justification for the Study

Climate variation has led to declining agricultural production in Kenya. The majority of the
Kenyan population depend on rain-fed conditions whereas their economic, social, political
and technological advancements in adaptation to climate variability and change is low.
Forecasts and analysis on climatic trends from the past to the present times have shown that
small-scale farmers in Africa, Kenya included are vulnerable to dangers posed by climate due

to their low adaptive capacity.

Kisii County largely depends on rain-fed conditions which are highly vulnerable to
environmental instabilities. Temperature and rainfall variables were selected because of their
effects on crop productivity. Variation of these climatic elements interfere with tea yields and
in the long run affects production hence the livelihood of the small-scale tea farmers. The
period from 1995 to 2019 was selected because it is representative of the current average
climate of the study region, it includes the current climate variations as it encompasses enough

climate anomalies and lastly a period for which data of the climatic parameters was available.

Tea was considered because it is one of the largest enterprises in Kisii County upon which a
large number of families depend on as a source of livelihood. Presently, anthropogenic
activities have triggered global warming, leading to variation and change of climate in
different parts of the world. These variations and changes in climate pose a major threat to the
resilience of agricultural systems where tea is included as a result of increased periodicity of
extreme events. Further, increased temperatures, unreliable rainfall distribution, coupled with
major shifts in other meteorological parameters in comparison with long term observations

have further complicated the agricultural activities.
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Kisii County as an area of study was chosen because few studies have been done on climate
variation and crop production (Leshamta 2017 and Otiso 2016). This study therefore

examined the correlation between temperature, rainfall and tea yields.

1.4 Purpose of the Study
The purpose of the study was to examine climate variability and its effects on small-scale tea

production in Kisii County

1.4.1 Specific Objectives for the Study

The study was guided by the following specific objectives:

i) To examine the trends of temperature, rainfall and tea yields from 1995 to 2019 in Kisii
County.

i) To evaluate the effect of temperature and rainfall variations on tea production from 1995
to 2019 in Kisii County.

iii) To assess the perceptions of tea farmers on the effect of temperature and rainfall variation
on tea production in Kisii County.

iv) To evaluate mitigative measures put in place by tea farmers to curb the effects of climate

variability in Kisii County.

1.5 Study Hypotheses

The hypotheses of the study were:

Ho1: There is no trend for temperature, rainfall and tea yields from 1995 to 2019 in Kisii
County.

Ho2: There is no significant effect of temperature and rainfall on tea yields from 1995 to 2019

in Kisii County.
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1.6 Research Questions

1). What are the perceptions of farmers on the effect of temperature and rainfall variation on
tea production in Kisii County?
il). What are the mitigative measures put in place by tea farmers the to curb the effects of

climate variability in Kisii County?

1.7 Significance of the Study

Impacts of climate variation on tea productivity have had major economic implications.
Results from this study will contribute to initiatives geared towards enhanced tea productivity
by both farmers and policy makers over the area of study and in the whole country. The
findings from this study will be of great importance to farmers, agricultural policy makers,
general public and people carrying out research as follows: It will help farmers to identify
sustainable adaptation strategies and diversify their farming activities, policy makers in the
Ministry of Agriculture and County Government to adopt policies which will enhance
sustained production, it will also contribute to existing body of knowledge on the effects of
rainfall and temperature variation on tea production and generate ideas for further research

and scholarly reviews.

1.8 Assumptions of the Study

The study was guided by the following assumptions:

) Farmers had the knowledge and were willing to give the required information.

i) Meteorological data for rainfall and temperature were available for the stipulated
period from 1995 to 2019

iii) Data for tea yields from the factories was available for the stipulated period from 1995

to 2019
12



1.9 Scope and Delimitation of the Study

The study only focused on climate variability and its effects on tea production in Kisii County.
The climatic variables used were mean monthly temperature and rainfall from 1995 to 2019
which were obtained from Kisii Meteorological Department. On tea production, total monthly
yields from 1996 to 2019 obtained from KTDA factories were used. The study targeted small-

scale tea farmers who sell their yields to KTDA in Kisii County.

1.10 Limitation of the Study

Some tea production data was missing for some factories but the researcher made use of the
available data. Since the research was done during the time there were changes in the
management of KTDA, some managers of the factories were afraid that the research was done
for the same but the researcher explained that the study was purely academic. Further, this
study was done during the Corona virus (Covid-19) pandemic and some respondents felt that
their lives were put at risk, but during interactions both the researcher, the assistants and the
farmers observed the Ministry of Health safety guidelines such as keeping social distance,

washing and sanitazing hands in addition to wearing masks at all times.

1.11 Theoretical Framework

The study was guided by two theories:

1.11.1 Anthropogenic Global Warming Theory

It is a theory that explains the long-term increase of average temperature in the earth's
troposphere as a result of man’s engagement in industrial and agricultural activities (Lawrence
& Mao, 2019). This theory was advanced by Bast, (2010) and it asserts that anthropogenic
activities are responsible for the increase of greenhouse gases especially carbon dioxide (Coz)

which has led to global warming. For over a century, scientists have been concerned that as
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the increase of greenhouse gases from industrial and agricultural activities in the atmosphere

increase, so will the troposphere’s temperature increase.

According to Manstrandrea and Schneider, (2009); Martin, Kathrin and Ulrich, (2009),
anthropogenic activities such as burning fossil fuels are responsible for the global warming
experienced in the world today which has led to about 40 % increase in carbon dioxide in the
atmosphere. Further, in support of the above, Oreske and Conway, (2008) have estimated that
the concentration of carbon dioxide has increased from 280 parts per million (ppm) in the pre-
industrial period to about 385 ppm in the present. This has led to variation and change in the

climate.

This theory was applicable to this study because anthropogenic activities are responsible for
changes in temperatures and rainfall patterns in the troposphere of any given area. This has
led to climate variability and change which have affected various agricultural activities in
terms of production across the world including tea. Increased temperatures result in high
evapotranspiration rates in plants which eventually lead to withering and sometimes drying of
crops when such conditions are experienced over long periods. The variations of these
temperatures also lead to fluctuations in rainfall patterns thus affecting crop productivity.
Though the theory explains the causes of global warming, it does not give solutions to the

ways to curb and cope with global warming. This, therefore, calls for a second theory.

1.11.2 Action Theory of Adaptation to Climate Change

This theory was developed by Klaus & Stecker, (2010). The theory asserts that adaptations
are processes of entities and systems or adjustments of human activities. Adaptation is a
process that may help in reducing harm or risk or maximizing benefits associated with climate

variation (UKCIP, 2004). Adaptation can be viewed as having three dimensions namely:
14



changes in social and economic development which ensure outputs and outcomes are
sustainable from a climate variation perspective; adaptation in terms of preparedness for and
being ready to deal with natural disasters that may increase in intensity due to climate
variability; and resilience of population and societies to solve unexpected occurrences in their
environment (Uitto, et al., 2017). This theory asserts that there must be a deviation from the
statistical average in a climatic variable which will pose an effect on crop production. The
effect is felt by the farmer who will use knowledge and resources to adapt to climatic change
or reduce the harm caused by the change. In this study, this theory formed a basis for farmers’
adaptation strategies and mechanisms for opting for measures to take to ensure continued and

sustainable tea production despite climate change and variability.
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1.12 Conceptual Framework

The study examined climate variability and its effects on small- scale tea production in Kisii
County. The independent variable was climate variability and the dependent was tea
production.

Independent variable Intervening variable Dependent variable

Temperature variability
e Drought
e Frost
e Pests and diseases e Development
of sustainable
Rainfall variabilit » .
g agricultural Effects on tea
e Hailstorms policies production
e Flooding e Research
e Pests and diseases * Reducing o Rise/
global rgductlon in
warming yields
e Rise/
reduction of
Perception [ quality
> e Rise/reduction
e Temperature and R i brices
rainfall variability ' - P

Mitigative measures

e Soil conservation
e Water harvesting
e Insurance cover —>

Figure 1.1: Conceptual Framework
Source: Researcher, 2020
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The concenceptual model in figure 1.1 shows the relationship between the independent
variable climate variability and dependent variable, tea production. Climate variability refers
to the short or long-term fluctuation of climate variables such as temperature and rainfall from
their mean. This study examined the effect of temperature and rainfall variability on tea
production. Temperature variability leads to droughts and frost- like conditions which affect
tea production negatively. Rainfall variability leads to flooding and falling of hailstones which
damages the tea crop leading to reduced yields. But if the floods are controlled by harvesting
and storing rain water, it can be used during the dry period to irrigate the farms.

Farmer’s perception on climate variability forms the basis on which mitigative measures to
be put in place to curb the effects caused on tea production. Therefore, farmers need to
perceive variations on temperature and rainfall then, find the best ways to cope with these
variations. Farmers curb the effect of climate variability through soil conservation, water
harvesting and insuring their crop. Development of agricultural policies, reduction of global
warming and research moderates the effect of rainfall and temperature variability on tea

production for continued sustainable outputs.
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1.13 Operational Definition of Key Terms

Adaptation: Act of getting used with variations in climate by moderating negative effects
and exploiting benefits attached to the variations. These include activities that reduce a
population’s vulnerability to climate variability and change.

Anthropogenic emissions: Release of green house gases to the atmosphere as a result of
human activities such cutting of trees, animal husbandry, industrialization and burning of
fossil fuel.

Climate change: Refers to increase in global temperatures that to has triggerd changes in

rainfall patterns

Climate variability: refers to climate variability refers to fluctuations of rainfall and

temperature over a given period of time.

Coping capacity: The means by which a population use available resources and abilities to
face adverse climatic conditions that can be hazardous to their wellbeing. It involves the
management of resources sustainably thus building resilience to overcome the effects caused
by climate variation.

El Nifio-Southern Oscillation (ENSO): This is a climatic event with three phases (EI Nino,
Lanina and Nuetral) which is caused by fluctuations of the inter-tropical surface pressure
patterns and wind circulations over the Indian and Pacific Ocean. EI Nino is the warming
phase of the ocean surface, La Nina is the cooling phase of the ocean surface and Neutral the
Tropical Pacific Sea surface temperatures (SSTs) are near to the average (IPCC, 2007).

Heat waves: A period of abnormally hot weather

Rural livelihood: Means of securing the necessities of life in the rural areas.
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Small-scale: Tea acreage below four acres

Temperature Variability: Fluctuations in temperature amounts at a given location across a

region for a specific time interval.

Rainfall Variability: Fluctuations of rainfall amounts from the mean in a given location

across a region for a specific time interval.

Perception: It refers to the opinion of farmers towards climate variation and its impact on
agriculture

Production: refers to the green tea harvested from the farms.
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CHAPTER TWO
LITERATURE REVIEW

2.0 Introduction

This section presents literature review related to the effects of climate variability and tea
production. This chapter first discusses about tea production and climate variability. The
second part discusses on the literature related to the study objectives on temperature, rainfall
and tea variations; effects of temperature and rainfall variation on tea production; perception
of farmers on climate variability; coping and adaptive strategies to climate change and

variability.

2.1 Tea Production in Kenya

The tea plant is a slagging tree of the flowering plant genus of the Camellia, which is in the
group of the Theaceae family (Camellia Sinensis). The shrub/tree grows to around 2-2.5
metres in height. According to Agriculture, Forestry and Fisheries (2016) there are three major
types of tea in the world which are Chinese (C.s Sinensis), Assam (C.s assamia), and
Cambodian (C.s lasiocalyx). In Kenya, the Assam variety is widely planted due to the
production of high yields (Rwigi et al., 2009). Many clones have been developed vegetatively
to suit the climatic conditions in Kenya by the Tea Research Foundation of Kenya (TRFK).
Through this, high yield and well-fitted 50 varieties have been developed to fit specific areas

(Tea Board of Kenya, 2012).

Kenya’s Tea Board (2012) stated that tea is among the highest foreign exchange earner in the
country. Tea exports account for twenty percent of total Kenyan exports, globally, twenty-six
percent of tea exports and ten percent of tea output worldwide following China and India with
thirty-four percent and twenty-four percent of world tea output respectively. Currently 62
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percent of tea is produced by the Kenya Tea Development Agency (KTDA) Limited, which
processes and sells its crop. KTDA is operated by small farmers, making it the world’s largest
single tea producer. The 38 percent balance is generated by the large estates, controlled by
major multinational corporations. The tea sector employs directly and indirectly, about five
million people. Tea cultivation and production primarily take place in rural areas of Kenya

and contribute greatly to rural communities as it is a source of income to many people

According to a study by Rwigi et al. (2009), tea grows well worldwide at an altitude of 1200
meters above sea level and above in the subtropics and highland regions in which the tea
growing regions of Kenya lie. It is grown in, the Great Rift Valley, the Hoods of Aberdare,
Nyambene Hills, Nandi Hills, Kericho, Mount Elgon, and the Kisii highlands. These areas lie
between 1500 and 2700 meters above sea level with a favorable climate for tea growing. Tea
grows best in areas with well drained tropical volcanic soil of ph 4 to 5.6, rainfall ranging
between 1200 millimeters and 1400mm, which should be well distributed throughout the year
(Kamunya et al., 2019; Rwigi et al., 2009). These conditions encourage the growth of tea in

Kenya.

Ochieng et al. (2016) stated that tea growing is dependent on air and soil temperature,
precipitation, humidity, soil water, radiation, sunshine and evaporation hours. Seasonal shifts
in climate parameters such as precipitation, temperature, solar radiation and moisture have a
major impact on tea production (Biggs et al. 2018; Marx et al. 2017). The climatic
requirements of the growth of tea plants are rainfall that is well distributed throughout the
year, minimum temperature between 13 degrees Celsius and 14 degrees Celsius and a

maximum temperature between 18 degrees Celsius and 30 degrees Celsius in order to obtain
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to optimal shoot growth. Extreme temperatures affect the rate of shoot development which in

turn affects tea yields negatively.

High temperature coupled with low humidity result in osmotic stress which induces
biochemical and physiological effects on the quality and amount of tea yields (Cheserek,
2013). Furthermore, higher temperatures result to high evapo-transpiration rates which leads
to reduction of soil water required for tea growth, thereby reducing the quality and amount of
tea produced. Likewise, theoretically, low air temperatures on high altitudes can cause growth
rates to drop hence reduction of yields. Although events like droughts, floods, hailstorms, frost
and landslides cause harvest damage and failure, changing precipitation patterns create

uncertainty as to when fertilizers are to be applied (Cheserek et al., 2015; Ng’etich, 1995).

It has been noted that tea growing areas in Kenya experience a dry spell between December
and March which affects tea yields. (FAO, 2015). These effects of climate change and
variation differ from region to region in relation to the period and severity of the climate
change effect. Certain areas that grow tea which include Nandi, Kericho and Gucha, may not
be suitable for tea growing because of expected rises in precipitation and variability of
temperature and farmers may have to shift to planting alternative crops. By 2050, these areas
are projected to decrease by about 40 percent as a result of increase in temperature and rainfall
in the cold season. Other areas that will remain stable, including Bomet, Kisii and Nyamira
because of increase of rainfall in the wet season. Further, it has been noted that by 2050, areas
around Kenya’s Mountain and higher altitudes could see the potential rise by around 15 to 20

percent in suitability in planting the tea crop, (CIAT, 2011).
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2.1.1 Climate Variability in Kenya

In Kenya, the most extreme episodes are EINifio (1997/98) and La Nifia (1999/2000) and
complex cycles of climate variability have occurred (Stockholm Environment Institute, SEI,
2009). Since the 1960s Kenya has typically experienced an increase in average temperatures
by 0.21 degrees Celsius, with trends in minimum and high temperatures reflecting global
warming over time. The highest annual precipitation events are showing a decline in the 24-
hour rainfall and the long rain season recorded between 1960 and 2014 (ROK, 2016; Osbahr

&Viner, 2006).

Temperature and rainfall variations in coffee and tea cultivation areas were determined by the
use of data from meteorological stations of Kisii, Kabete, Kericho, Nyeri, Kakamega, Meru
and Embu Counties. The annual average temperature variation for the period from 1970 to
2014 suggests that the temperature have varied significantly, with variations up to minus 2.8
degrees Celsius and more than one degree Celsius. These meteorological stations are situated
in regions where tea is grown. The disparity in precipitation levels from the average annual
rainfall from 1970 to 2014 indicated that droughts and flooding conditions affected crop
production. These changes were a result of variations in the amount of sunshine hitting the
ecarth’s surface and circulations in the atmosphere and oceans. The weather conditions vary
from season to season depending on the atmospheric-ocean circulations. The fluctuations
reflect the events of serious weather in Kenya. For instance, in 1971/73, 1983/84, 1991/92,
2004-2006, and 2008-2010, according to Rarieya et al. (2009) and KIPPRA (2013) there have
been severe droughts and flooding, that are closely connected to the events of EI Nino. These
El Nino phenomena are also linked to the 2012 frost, which also occurred in 1997/98 and 2002

and had profound effects on crop production.
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According to a study by Mutua and Runguma (2020) episodes of prolonged drought occurred
in the twenth century along the Kenyan uplands and regions along the coast. IPCC (2007) has
futher indicated that weather and climate has varied from the normal means with temperature
increasing and extreme precipitation occurring frequently. These changes have affected
agricultural production in Kenya. These changes have exposed the Kenyan population to

hunger and poverty (Ochieng, Kirimi & Mathenge, 2016)

2.1.2 Agricultural Sector and Climate Variability in Kenya

The agrucultural sector play a pivotal role in the Kenyan economy. It contributes 26% to the
national GDP and through other linkages with other sectors 27% of the GDP. The sector
employs 40% of the total population and more than 70% of the rural population (ROK, 2020;
FAO, 2021). The rain-fed agricultural sector accounts for about 98% of the farm produce in
Kenya (UNEP, 2010). It heavily relies on predictable rainfall and temperatures, suffers most
from climatic fluctuations thus affecting the livelihoods of most households who depend on
rain-fed agriculture (Kakubo-Mariara 2007). In Kenya, climate change is already evident in
shifting precipitation patterns and severe events such as floods, droughts, and heatwaves that
are more frequent and unpredictable (Badege et al., 2013). It is estimated that the increased
frequency of these events has impacted the region's local crop production (IPCC, 2007).
Kenya's agricultural sector is especially vulnerable to weather adversity, not just because it is

rain-fed but also because it is subsistence-oriented.

Empirical findings indicate the current climate instability caused by regular floods and
droughts, increases the cost of production and mitigation (SEI, 2009). The effects of changes
of climate in Kenya were examined by Downing et al. (1997) and findings showed that high

temperatures would have a positive effect in highlands, but a negative effect in the lowlands
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and semicircular regions. Also, with the rise in temperatures and rainfall, theoretically food
production will increase, but yields would decrease due to low precipitation in semi-tropics.
The overall effect of global climate change on Kenya's food production was indicated by
Fischer and Van Velthuizen (1996). The study concluded that production increases would

result from a rise in carbon dioxide and temperature if, precipitation also increases.

According to Adger (1999), the fundamental cause vulnerability is the central feature of a
vulnerability constitution, which is social vulnerability to climatic change. This encompasses
the ability of people to externalities. In Kenya smallholder farmers diversify into off-farm
work, to respond to climatic extremes (Downing et al., 1997). In adaptive micro-level
adaptation interventions, market reactions, technological developments and structural
improvements, demonstrated their broad capacity to reduce the impact of global warming and

climate changes (Mariara & Karanja, 2007),

Short-term climate change in Kenya has been experienced with the majority of farmers
witnessing increased temperatures by taking some measures to accommodate demands and
adaptations in various sectors (Ndukhu et al., 2012). The effect on medium and low possible
areas of climate change will be more negative (Kabubo- Mariara & Karanja, 2007). The
farmers also predicted that Kitui County would dry up and that rainfall would drop to 34 mm
annually (Oremo, 2013). The Oremo studies examined the ratio of rainfall to maize yields
through cross-sectional data for the region, without taking equal temperature variations

affecting maize productivity into consideration.

Although Kabubo-Mariara and Karanja's (2007) survey presents the most detailed survey of
climate change impacts in Kenya, there still remain several important gaps in the current study

to resolve. First, without taking time into account, Ricardian's study estimates climate effects
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on crop net space revenues. The TAPRA Data Panel Package takes account of adjustments to
household revenues (Muyanga & Jayne, 2017) and will contribute to the debate, precipitation
and temperature over time and space and allowing for evaluation of any fluidity over time in
these primary indicators. The results for select main crops in Kenya, maize and tea are further
evaluated, although most studies of climate model research only have an impact on crop
income. The breakdown of revenue in crop types illustrates more the effects on tea, a leading
foreign-exchange earner, that contributes about 20 percent of Kenya's overall foreign currency

revenue, of variability and change in climate.

About 98 percent of agricultural activities in Kenya are accounted for by rain-fed agriculture
(Turral, Burke & Faurs, 2009; UNEP, 2008; 2010), which makes the industry extremely
vulnerable to rising temperatures, droughts, floods, and shifting patterns of rainfall. The
consequences endanger farmers' livelihoods and are likely to impact the decisions of farming.
The output of the sector of agriculture depends primarily on the production of crops, which is
largely dependent on the environment. As stated by Alila and Otieno, 2006; KIPPRA, 2013;
the Republic of Kenya, ROK, (2016), the rate of growth of the sector have fluctuated in the
last decades. This is due to over-dependence on un-irrigated agriculture, that is highly

vulnerable to unpredictable climatic conditions and increased costs in agricultural inputs.

The output of the sector fell dramatically from 4.7 percent in the 1980s to less than two
percent in the 1990s, this led to a negative rate of growth in 2000 by negative 2.4 percent.
Moreover, there was an increase of 4.3 percent in 2008 and 2.3 percent in 2009 in the sector's
added value. The sector also registered a 1.5 percent growth rate in the year 2011, far below
6.4 percent in 2010, and growth decelerated from 5.2 percent growth in 2013 to 3.5 percent in

2014. According to the Government of Kenya, (2014), cultivation and animal production in
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several regions of the country were adversely affected by poor long plumage, with the North
Rift region, which serves as the grain basket of Kenya, being the worst hit. As a result, the
output of maize decreased, but the yields of certain food crops such as Irish potatoes rose,

partially compensating for the negative effects of decreased production in maize in the sector.

According to (UNDP (2002) Alila and Otieno (2006), agricultural activities are minimally
diversified in Kenya with farmers depending majorly on maize, tea, coffee, dairy, wheat and
horticulture production as a source of livelihood. Furthermore, maize is the country's main
staple and important for food security. Decreases in agriculture's growth among the growing
population have far-reaching implications for the country on food safety, jobs, revenue
generation and trade balance. It thus hampers the achievement of sustainable development
Goals and Vision 2030 (Government of Kenya, 2018; UNDP, 2002; 2015). This study focused
on the tea crop, given that it is important in the Kenyan economy and the livelihoods of most

rural inhabitants.

2.2 Trends of Temperature and Rainfall Variation and Tea Yields

Temperature and rainfall have varied in different areas at different times over decades. This

section shows evidence of temperature and rainfall variability over time.

2.2.1 Evidence of Temperature Variations

The temperature range of a given region is influenced by locations, for example on the land
or in the ocean area. It has been noted that in the recent decade there has been variation in
mean temperatures of many regions of the world which have led to the occurrence of droughts
and floods (IPCC 2013; Ayugi et al. 2016; Alexander 2016). According to WMO, (2019), the
years from 2010 up to 2019 were warmer as compared to the records of the 1980s. This is

attributed to anthropogenic emmissions into the atmosphere which have led to increased
27



temperatures. This has further triggered other changes in the global climatic systems like
changes in precipitation. Over the past two million years ago, observational climatic records
from weather stations on the earth’s surface have shown drastic changes in climate. The
average surface temperatures worldwide have rose by about 5 to 7 degrees Celsius (IPCC,

2007; Christensen et al., 2007).

According to WMO records surface temperatures have risen drastically since 1860 by 0.6
degrees Celsius worldwide. Measurements have also shown that the mean air temperatures
have rose by about 0.8 degrees Celsius since the 19" century as a result of anthropogenic
activities (Ring et al., 2012). It has been noted that in the 20"-century temperatures had risen
by 0.6 degrees Celsius. Analysis of climatic data for the Northern Hemisphere indicates that
the late 20th century was warmer as compared to the past centuries. Over the same period, the
1990s were the warmest decade, the year 1998 was the warmest and the years 2002 and 2003
the second and third warmest, respectively. However, in the Arctic area, 2005 was the warmest

year with an increase of over two degrees Celsius (Przbylak, 2007).

It has been noted that 1998 recorded the highest temperature since the start of industrialization
in the world. An increase in temperatures was also observed between 1910 and 1945 in which
temperatures rose by 0.14 degrees Celsius and between 1976 and 1999 temperatures rose by
0.17 degrees Celsius. In contrast, the period 1946 to 1975 the Northern and Southern
Hemisphere experienced lower temperatures (Salinger, 2005). It has also been recorded that
surface air temperatures (SAT) raised abruptly from 1995 to 2005 in the Pacific and the
Canadian region above one degree Celsius while the lowest was the Siberian region by 0.82

degrees Celsius and the highest two degrees Celsius (Przbylak, 2007).
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Lobell & Ortiz- Monasterio (2007a), have noted that temperature observations and model
projections have shown greater warming of daily minimum temperatures relative to the
maximum in wheat-growing areas. In India, minimum and annual average temperatures have
shown a gradual rise (Punia, et al. 2015). It has been estimated that in North East India, the
average minimum temperature has increased by about 1.3 degrees Celsius over the last century
and the annual average maximum temperature has also shown same the trends in tea growing
areas (Deka et al., 2009; Kothawale et al., 2010; FAO, 2016). Temperature patterns in Assam
from 1993 to 2013 in tea growing areas revealed that there was a steady increase in minimum
temperatures which had a profound effect on tea yields. This is in agreement with IPCC
reports. In contrast to the above, it has been revealed that temperatures have increased by
about 0.71 degrees Celsius per hundred years in India from 1901 to 2007 with accelerated
warming after the 1970s (Attri & Tyagi, 2010). This is in agreement with World Bank (2016)
and Department for International Development (DFID), (2004) who found out that between
1960 and 2006 the Malawian annual temperature increased by 0.9 degrees Celsius. Also, the
number of hot days and nights had risen independently of the season. Between 1960 and 2003
the average annual hot days and nights had grown from 30 to 41 (Resilience Policy Team-

Irish Aid, 2015).

In Sri Lanka, temperatures have increased over the last one and a half centuries and the
warming rate has accelerated in recent years. For instance, the mean temperature increased at
a rate of 0.016°C annually from 1961 to 1980 and 0.025degrees Celsius annually from 1987
to 1996 (Esham & Garforth, 2013). This, therefore, implies that trends in temperature have
varied over time in different places. The variability in temperature is the short-term variation
from the normal mean temperature, such as extreme occurrence. The frost condition damages

tea leaves and the roots. It also lowers the efficiency of the workers responsible for picking
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the tea leaves as severe cold conditions are detrimental to their health. Extreme warmth will
scorch the tea leaves leading to high transpiration, an infestation of insects and pests and

emergence of diseases thereby reducing tea leaves both in quality and quantity.

Widespread changes in the instrumental record of severe atmospheric conditions such as
prolonged dry spells, torrential rains, hot-waves and the intensity of tropical cyclones were
noted in the IPCC’s Fourth Assessment Report, with these changes showing discernable
human influences (IPCC, 2007). This agrees with CARE, (2009); Muller, (2009); Stringer, et
al. (2009) who have noted that extreme weather conditions such as drought and flood have
been noted to affect agriculture and livelihood in many ways which may not be limited to total
crop failure or reduced yields and severe livestock deaths. The IPCC’s Fifth Assessment
Report (IPCC, 2013) noted the substantial recent progress in the assessment of extreme
weather and climate events, with the simulated global-mean trends in the frequency of extreme
warm and cold days and nights over the second half of the 20™ century have been generally
consistent with observations. Changes in temperature variations caused by anthropogenic
activities have been linked to global warming. The report noted that temperature has been
steadily increasing over the years by 0.74 degrees Celsius during the 20th Century (Anju,

2011).

In the African continent, many parts have experienced an increase in the mean annual
temperature since 1900 (Niang et al., 2014) which is about 0.5degrees Celsius per century
according to Hulme, Doherty, Ngara, New and Lister (2001). This is in agreement with
Hussein (2011) who found that the increase is about 0.7 degrees Celsius during the same
period. In North Africa, Barkhordarian, Bhend and von Storch (2012a) found out that annual

and seasonal observed mean near-surface temperatures generally showed a warming trend
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above the normal variations which was as a result on natural variability. Further, it was noted
that in March- April-May and June-July-August there was a rise in near-surface temperature
in Northern Algeria and Morocco due to anthropogenic activities (Barkhordarian, von Storch,
& Zorita, 2012b). This is supported by Vizy and Cook, (2012), who have indicated that both
annual minimum and maximum temperatures showed an upward trend in the same region.
Similarly, a study by Collins (2011), in West Africa revealed statistically significant warming

of between 0.5% and 0.8% from 1970 to 2010 using remotely sensed data.

Since the 1980, in Eastern Africa, areas around the equator and south parts have shown a
rising trend in temperature (Anyah & Qiu, 2012). This is supported by Famine Early Warning
Systems Network (FEWS NET) reports which have revealed that over the past 50 years mean
temperatures have rose in Kenya, Ethiopia, South Sudan and Uganda (Funk et al., 2011; 2012;
Williams et al., 2012). Besides, warming of the near-surface temperature and an increase in
the frequency of extreme warm events have been observed for countries bordering the western
Indian Ocean between 1961 and 2008 (Vincent et al., 2011; Niang et al., 2014). This is
evidenced by the disappearance of the snow caps on Mount Kenya, Mount Ruwenzori and
Mount Kilimanjaro peaks (UNICEF, 2006). In Uganda, temperature records have shown
sustained warming in the southern parts with minimum temperatures increasing more than
maximum temperature (Government of Uganda, GOU, 2002). This is also in agreement with
Omondi et al. (2014), who found out that in Tanzania the frequency of warm days and warm
nights increased and Lema & Majule (2009) who found a similar trend of increased in annual

temperature over Manyoni district in Tanzania.

Further, an analysis conducted in East Africa on air temperature trends in 60 stations across

Kenya found that there is a significant upward trend in minimum temperature in the Kenyan
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highlands where Kisii is included (Christy et al., 2011; Wachakala et al., 2015). This is in
agreement with Omumbo et al. (2011) who found that mean temperatures had increased by

0.2° ¢ for every ten years from 1979 to 2001 in Kericho.

Research on Kenya's climate change tea sector was conducted by Elbehri et al., (2015). The
results of the study showed that the greatest effect on tea production is temperature variability.
During dry spells, a negative association was observed between temperature and tea yield.
Timbilil Tea Estate production was compared to the national average, showing a less than
national monthly average. While national tea output includes outputs from small farms and
large plantations that may influence output with various farm management practices, the
results show that temperature and radiation may be a major factor influencing production even
when soil moisture is not restrictive. Research on the correlation between extreme temperature
and tea production has been conducted in Kisii in Kenya's Lake Basin Region in Leshamta

(2014).

The results showed that seasonal and inter-annual air temperature fluctuations have a major
effect on tea outputs. Additionally, in each tea growing area there was a relationship between
temperature and tea yields. Further, Hatfield and Prueger (2015) found that temperature has
more influence than precipitation on yield outcomes and that temperature thresholds, which
severely restrict yields, may have already been met in a study of climate change effects in
Kenya. In addition, Rwigi and Otengi (2009) found out that the average minimum, mean
maximum temperature and terrestrial radiation are the three main climate parameters that

influence tea outputs in Kiambu County.

According to the Tea Research Foundation of Kenya, TRFK, (2011), the observed

temperature changes have shown a rise by 0.016 degrees Celsius per year for 52 years totaling
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nearly one degree Celsius (TRFK, 2011). This agrees with Ongoma et al. (2013) who noted
that in Kenya, temperatures had increased over the last three decades. It has been noted that
from 1960 to 1969, temperatures have risen at an average of 0.21 degrees Celsius annually
with both maximum and minimum temperatures showing an increasing trend over time
(World Bank, 2014). In Central Kenya, a study done by Funk et al., (2010) has shown an
increase of temperature by one degree Celsius between 1960 and 2009. The increase in
temperature can be allotted to the rise in temperature of the Indian Ocean with the drying
impacts of the warm ENSO- events (Skogseld, 2017) and anthropogenic activities which have
led to the increase of greenhouse gases in the troposphere hence leading to global warming.
It has also been noted that Kisii County has also experienced increasing trends of daily
temperatures by 0.5 degrees Celsius from 1976 to 2014. Further, the minimum temperatures
have shown an increasing trend of about 0.6 degrees Celsius over the same period (Leshamta,
2017, KMD, 2020). These changes in temperatures therefore may have drastic effects on tea
growth and production. Based on the above literature, it is evident that temperature variations

have differed from place to place over time.

2.2.2 Evidence of Rainfall Variability

Climate instability and severe weather extremes, including droughts, floods, and severe
storms, have affected agricultural systems of the world (IFPRI, 2011). Agricultural
productivity is negatively impacted by climate variability, and this has candid effects on
smallholder farmers, who depend mainly on rain-fed agriculture for their production. This is
because, mainly depending solely on rain-fed agriculture, smallholder farmers, the main
contributors of domestic food, have a restricted means of coping with this adverse weather
variability (Nganga, 2006; Molua, 2002; Moula & Lambi, 2007). The strength and length of

rainfall, the link between annual precipitation and potential evapotranspiration and annual
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rainfall variation are the main climate factors affecting tea growth (Kabubo-Mariara &

Karanja, 2007).

The United States Environmental Protection Agency (2016) found out that in USA, most
states have experienced an increase of rainfall by 0.08 inches after every ten years while some
few areas such as South West rainfall decreased. This agrees with an analysis on rainfall that
was done in China by Touseef, Chen, Yang and Chen (2020). Findings revealed that over the
last fifty years, rainfall had declined but, in the Monsoon and winter season there were

increasing trends.

Han et al., (2016) reported that the intensity of climate variations and severe weather events
such as prolonged dry spell, torrential rains and late spring cold spells had increased in tea-
growing areas in China. Trend analysis of rainfall from North East India's tea growing regions
have shown a steady decline in the annual rainfall. This supported by a study in Japan on the
effect of precipitation on crop production which found that annual rainfall amounts were on a
decline and varied irregularly from season to season (Ndamani &Watanabe, 2015). Analysis
of ninety-six years of annual total rainfall data of the South Bank region for Assam indicated
that the rainfall in this region had declined by more than 200 mm per decade (FAO, 2016a).
This is attributed to anthropogenic activities which have led to global warming though Yang

et al. (2014) it is due to the variation of sea surface temperatures over the Pacific Ocean.

In the torrid zone from 1960 to 1998, it has been noted that mean annual rainfall had decreased
by about 4 percent in West Africa, 3 percent in North Congo and 2 percent in South Congo
(Malhi & Wright, 2004). In contrast, it has been observed that along the Guinean Coast the

annual rainfall rose for the last thirty years rose by ten percent (Nicholson et al., 2000).
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In SSA, food production which is a source of income to the large population is majorly
influenced by the annual precipitation received in these countries. (UNEP, 2007; 2008). An
analysis done by Omondi, et al. 2014, on rainfall in individual stations of the greater Horn of
Africa from 1980- 2010 has revealed a decreasing trend in the total precipitation in Southern
Sudan, Western Ethiopia and areas around Lake Victoria. Usman and Reason, (2004) have
also noted that in Southern Africa, floods, droughts and prolonged rainfall have been
experienced. Further, the seasonality of rainfall and recurrent droughts demonstrated in most
parts of Sub-Saharan Africa (SSA) countries pose many constraints on agriculture (Rakgase
& Norris, 2015; Stringer et al., 2009). It has been projected that SSA countries will experience
decreased precipitation of about 20 percent. Overall crop yields in many parts of Africa will
fall by 10 to 20 percent up to 2050 because of global warming and droughts (Bergamaschi,

2004; Durand, 2006; Parry et al., 2004).

Research by Schreck and Semazzi, (2004), found out that in Eastern Africa, precipitation
increased in the Northern part while it decreased in the Southern parts over the past 30 years.
This seasonality of rainfall patterns is controlled by the Northwards and Southwards
movement of the Inter-Tropical Convergence Zone (ITCZ). The Northeast trade and the
Southeast trade winds bring moisture from the surrounding regions, allowing the rains to be
formed (Mtongori, 2016). In Tanzania, from 1980 to 2010 Mwanza, Bukoba and Dar es
Salaam had shown a declining trend in rainfall while Mbeya and Dodoma had an increasing
trend (Omondi et al. 2014). Further a study by Gebrechorkos, Hulsmann and Bernhofer (2019)
found that rainfall has declined in the Eastern part of Ethiopa by one hundred millimeters and
in Eastern Kenya by fifty millimeters from 1981 to 2016. But the study noted high inter-

seasonal variability with long rains decreasing by 10mm while short rains by 2mm annually.
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This, therefore, shows a clear indication that rainfall variability trends are different from one

region to another.

A study done in semi-arid areas of Eastern Kenya has revealed that there were negative
anomalies and high yearly variation in rainfall with forty-nine percent for the long rains and
fifty eighty percent for the short rains (Gichangi et al. 2015). This also agrees with a study by
Mubhati, Olago & Olaka, (2018) which was done in Marsabit Forest Reserve of Kenya. The
study revealed that mean rainfall declined annually at a rate of 6 millimeters from 1961 to
2014. Further, the study revealed that from March to May rainfall decreased annually by 10
millimeters while the short October to December it decreased annually by 2 millimeters in the

same period.

Further, reports have shown that in Kenya, severe weather anomalies characterized by a rising
trends in temperature, increasing incidences of frost and heavy rainfall coupled with
hailstorms over a short period followed by prolonged dry periods have been experienced (Bore
& Nyambundi, 2016). In Marsabit, trends have shown reduced rainfall for the last forty-three
years from 1961 to 2014 with high variability (Muhati, Olago & Olaka, 2018) which is in
agreement with Funk et al., (2010) who did a study on the general trend of Kenya’s spatio-
temporal rainfall distribution which has led to a drastic decrease in crop production. In
addition, a study which was done in the Great Rift Valley of Kenya has shown that rainfall
has been reducing annually with great variations within seasons (Wakachala et al., 2015) and

this affects production and farmers in decision making.

Studies by Liwenga et al., (2007), Kangalawe and Liwenga, (2005) have revealed that extreme

weather events have led to food insecurity. This is further supported by Rosenzweing et al.,
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(2002) who found out that changes in the intensity and precipitation patterns in Africa have

led to reduced agricultural outputs.

Astudy done on the spatio-temporal patterns for twenty-six stations in Kenya from 1971 to
2010 revealed that maximun mean annual rainfall of 2087 mm and the highest in observed
value of 3673.6mm were recorded in Kisii weather station. It was also observed that the long
rains declined by 95.5 mm and short rains rose by 65.3 mm. Kisii County experiences two
rainy seasons; the long rains from March to April (MAM) and short rains from October to
December (OND) This bimodal rain is associated with the annual movement of the Inter-
Tropical Converge Zone (ITCZ) (Gitau et al., 2015). However, it has been noted that there
have been rainfall variations within different seasons which may have affected tea production

in the County (Leshamta, 2017).

Therefore, changes in long and short rainfall patterns have had significant effects on
agricultural production (IPCC, 2007). Seasonal precipitation which is characterized by
delayed onset, decreasing number of rain days, and increased intensity, altering agricultural
calendars with adverse effects on yields (Jokastah, Leahl Filho & Harris, 2013). Although
there have been several studies on climate change and variations, not all regions have been
covered. Furthermore, the link between household characteristics and the way they perceive
the effects of climate variation, especially rainfall fluctuations, has been little emphasized.
Therefore, this study sought to develop the relationship between household characteristics and

the perception of the effects of rainfall variability on Kisii County tea farming.

2.2.3 Evidence Tea Yield Variations
From the above discussion, it can be concluded rainfall and temperature variability may cause

changes in crop yields. It has been noted that tea yields have been fluctuating in different tea-
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growing regions of the world. FAO, (2015), has reported declines in tea production in tea-
growing areas in Asia and Africa. Further, this has been supported by Chang, (2016) who has
noted that the trend of world tea production has been fluctuating over time. In 1991, the
production was 2631.5 million kilograms which remained almost the same till 1997 even the
acreage increased slightly. In 1998 it increased to 3026.13 million kilograms and dropped to
2928.67million kilograms in 2000 (Majumder, 2010). This is a clear indication that indeed

there are fluctuations in tea yields which calls studies to be done.

Studies done by Thasfiha et al., (2020) and Thushara, 2015 in Sri Lanka have shown that tea
production is low and fluctuating from time to time due to different factors such as age,
management and climate variability. This agrees with a study done by Dutta (2011); Gupta
and Gey, (2010) who found that tea yields have also been fluctuating in India. It has been
noted that tea yields in North East India had stagnated from 1999 to 2007. This agrees with
Liu and Shano, (2016) as quoted by Das and Zirmire, (2017), who found out that tea
production had fluctuated and this led to periodical variations in export prices. In contrast to
the above, a comparative study done in China has shown a low tea yield increase which is not
commensurate to an increase in acreage over the past ten years. (FAO, 2015). But, production

of black tea in China decreased from 1998 to 2003 but rose in 2004 (Zongmao, 2010).

In Kenya, researchers have shown that tea yields have been fluctuating over time even though
the area under production is steadily increasing (AFFA, 2014; Tea Directorate, 2019). It is on
this basis that this study assessed whether these fluctuations were the result of climate

variability or due to other factors.
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2.3 Effects of Temperature and Rainfall VVariations on Tea Production

The quantity of tea leaves harvested is a function of its weight and acreage under cultivation.
Usually, tea leaves are harvested after seven to ten days depending on the prevailing weather
conditions. (De Costa et al., 2007). Various studies have found out that variations in rainfall
distribution, amounts and temperature variations affect crop growth in different geographical
areas including tea plants (Schepp, 2009; Decision and Policy Analyses Group, 2011). This

section examined the effects of temperature and rainfall on crop production.

2.3.1 Effects of Temperature Variations on Crop Production

Temperatures have been noted to affect crop production in the present world. In Australia, a
rise in night temperatures led to the increase of yields of wheat but reduced when frequent
frosts were experienced (Nicholls, 1997). In Germany, Chmielewski et al., (2004) found that
from 1961 to 1990 the rise of mean annual temperature by 0.368 degrees per every ten years
led to the shift of planting season by 2.3 days. Further, higher temperatures enhanced the
growth of rye by 2.9 days and cherry tree by 2.2 days after every ten years. This is supported
by Peng et al., (2004) who found that increasing temperatures in the tropics had affected crop
production negatively. In the Philipines, it was noted that between 1979 and 2002, a mean

temperature rose by 1.8 degrees Celsius reduced yields of rice by fifteen percent.

It has also been observed that an increase in temperatures above the required mean initiates
agricultural drought causing wilting of plants hence leading to low crop yields (Mati, 2000;
Tao & Zhang, 2011; Nianthi, 2018). This is because vapor saturation rises with the rise in
temperature hence more water vapor is needed in the atmosphere. In response to this, the crop
plant closes the stomata as a response to reduce transpiration and this reduces the

photosynthesis process leading to low yields (USAID, 2017; Lobell & Field 2007). Also heat
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stress during crop development leads to fewer and small organs, reduced light interception
and altered carbon- assimilation process including transpiration, photosynthesis and
respiration (Stone, 2000) and this reduce yields drastically if it coincides with the reproductive

stages even if it is for a shorter period (Teixeira et al., 2013).

Further, Dahlsten and Garcia, 1989 and Surtherst (1990), noted that weeds may spread out to
high elevations as temperature rise beyond the optimal requirement. These weeds are known
to compete for nutrients with the plants leading to low yields. Also, higher temperatures
enhance the multiplication of disease-causing organisms leading to an increase in their
population. It has also been noted that some insect species thrive well in environments with
increased temperatures. Some of these insects may become deep-rooted and develop resilience
to the effects that emanate from variations and changes in climate. Research done by Sawe et
al., (2018) revealed that an increase in crop pests and diseases are mostly associated with to
increase in temperatures. This is in agreement with Adhikari et al, (2015); Barros et al, (2014)
and Vrieling et al., (2013), who found out that water stress is caused by the increase in
temperatures in Africa, which inturn increases crop pests and diseases. In India, it has been
noted that temperature variability is the most serious factor affecting tea yields in South India
(Raj, et al, 2019). A study done in the Assam region in India in 2016, revealed that drought

increases the susceptibility of tea plant pests (Biggs et al., 2018; Reay, 2019).

According to Kathasiri et al., (2018); Wijeratne, et al., (2011) and Carr, (1972) temperature
above or below the optimal temperature of 22 degrees Celsius may affect tea yields either
positively or negatively. Extreme temperatures such as frost and heat stress also affect the tea
crop which will result in fluctuation of yields. But a daily temperature range between 13

degrees Celsius and 30 degrees Celsius is considered as being favorable to the leaf growth of
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the tea plant. Temperatures below or above this range probably reduce the growth of the plant
or may harm it (Bhagat et al., 2010). It has been found out that crop phenology and
productivity are affected by warmer climates. Increased temperature causes early flowering
and maturity which results in a reduction in crop growth and yields in many crops (USAID,

2017; Craufurd & Wheeler, 2009; Talukder et al., 2014).

Lobell, et al., (2011) reported a reduction in maize yield by 1.7 % was due to an increase of
temperatures above 30 degrees Celsius in some days of the growing period. Increased night
temperature can also reduce crop yield. Serious effects have been reported for rice where an
increase in night temperature from 27 degrees Celsius to 32 degrees Celsius caused a 90
percent yield reduction (Mohammed & Tarpley, 2009). It has also been noted that an increase
in average temperatures during the growing season makes plants use more energy for
respiration for their maintenance and less to support growth. With an increase of one degree
Celsius in average temperatures, crop yields for food and cash crops can reduce by five to ten
percent (Lobell & Field, 2007; Chaung et al., 2017). Temperature variability can also modify
grain quality since high temperature during grain filling affects the protein content of wheat
(Hurkman et al., 2009). Pittock, (2003) concluded in their findings that the frequency of

extreme events will increase due to global warming which affects crop production.

A study done by Kang & Banga (2013) on factors influencing climate variation revealed that
global warming had a greater contribution and this, in turn, affected agricultural production.
Food and Agriculture Organization (FAO) experts reported that each one-degree Celsius rise
in temperature would cause annual wheat yield loss of about 6 million tons. An IPCC
projection anticipates that 2 degrees Celsius increase in temperature may lead to a 20 to 40

percent fall in cereal yield mostly in Asia and Africa (Lele, 2010). In contrast to the above,
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some reports have indicated that global warming might increase plant growth because of
increased levels of temperatures and atmospheric carbon dioxide beyond the optimal level.
But increased atmospheric temperatures caused by elevated concentrations of carbon dioxide
also cause heat injury and physiological disorder to some crops which will decrease

production (USAID, 2017).

A study done in Sri Lanka revealed that tea production correlated negatively at higher levels
in warmer months and lower temperatures in colder months (Nijamdeen et al., 2018). This
was due to agricultural droughts and high rate of transpiration which were a result of higher
temperatures and effects of frost caused by lower temperatures. It was also found out that high
temperatures increase evaporation losses of soil moisture and accelerate the burning of organic
matter from soils. This agrees with FAO, (2016b), which has also noted that higher daytime

temperatures during the reproductive stage led to the decline of crop yields.

A study conducted in India on Assam tea revealed that a monthly temperature greater than
26.6° ¢ reduced tea yields. Further, it was noted that one-degree warming at an average
monthly temperature of 28 degrees Celsius resulted in a 3.8% reduction in tea yields (Duncan
et al., 2016). In tropical regions, an increase in minimum and maximum temperature by 1 to
2 degrees Celsius reduces crop yields because of inadequate soil moisture. Increased
temperatures result in rising levels of water loss from the soil and the plant leading to stunted
growth and decline in yields (Parry et al., 2005; FAO, 2008; Bals et al., 2008; Chijioke et al.,

2011; Abu et al., 2018).

Further, temperatures more than the average, make plants complete their cycles more rapidly
(Hatfield et al, 2011) and this leaves the plant with less time to reproduce leading to lower

yields (Craufurd &Wheeler, 2009). Experiments on the analysis of the known responses of
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tea shoots to temperature have indicated that differences in mean temperatures of only 2
degrees Celsius were sufficient to cause differences in length of the shoot growth cycle of up
to 20 days in the clones (Ng’etich et al., 2006). It has also been noted that in higher elevations,
stunted plant growth and reduced yields is experienced due to lower temperatures. Plants
growing in warm environments produce higher amounts of dry matter than those in cooler

areas and shoot growth increases with an increase in altitude (Ng’etich, 1995).

Higher night temperatures are perceived to increase dark respiration of plants which lowers
biomass production globally while very low season temperatures retard plant growth thus
leading to low yields. Furthermore, rising temperatures may result in making arable land less

favorable for farming (Bals et al., 2008; Chijioke et al., 2011).

A study by Adhikari et al., (2015), has noted that tea and coffee exports will drop by 40
percent due to the reduction of suitable tea growing areas in East Africa due to temperature
increase. According to Cheserek et al., (2015) extreme temperature beyond the optimal
requirement affects tea production negatively. Even though higher temperatures improve tea
quality, maximum temperature beyond 30°C affects tea leaves because of high transpiration
rates and thus lower yields. On the other hand, lower temperatures inhibit tea clone growth,
eventually resulting to reduced output and lowers the morale of the smallholder tea farmers.
It has been noted that temperatures below 14 degrees Celsius slow the rate of shoot growth

hence leading to reduced yields (Carr &Stephens, 1992; Cheserek et al., 2015).

Frost incidences in Kenya have also become a common phenomenon (Bore, 2015; Cracknell,
2015; FAO, 2012). Inearly January 2012, a severe frost incident that affected all tea-growing
regions was experienced across Kenya. This affected tea production reducing green tea leaves

yields by about 20 million kilograms (Gachenge, 2012) which caused the reduction of yields
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by 30 percent (Bore, 2015). Frost damage the tea clones especially the leaves causing the plant
to take two to three months to regain hence reduction in yields. Increased temperatures on the
other hand can cause soils to dry if mulching is not applied thus reducing the yields. All these
changes bring great losses to small-scale farmers who depend on tea as a source of earning a

living.

A more serious problem, however, is the increased incidence of new pests and diseases that
attack tea bushes (FAO, 2015; Murugan et al, 2012). Due to water stress, the stressed plants
are more susceptible to pest attacks. Research conducted in India has revealed that large areas
in Assam and North Bengal have suffered great crop losses due to the outbreak of looper
caterpillar, mosquito bugs and red rust disease of tea leaf (FAO, 2016). This affected tea
production drastically. A study conducted in Kisii County has revealed that temperatures have
varied over time and affected crop production (Samwel et al., 2018). This research examined

the effect of these temperature variations on tea yields.

2.3.2 Effects of Rainfall Variability on Crop Production

The most important factor in rain-fed agriculture is the availability of water to maintain crop
production. The variability of plumage between seasons significantly influences the
availability of soil water for crops and thus poses a risk to crop production. Barrios et al.,
(2008) found that major factors influencing farm production are rainfall and temperature.
However, rainfall is the main climate factor and influences the distribution of plants' spatial
yields (Makenzi et al., 2013). Agricultural practices in tropical regions, in particular, follow

precipitation trends (Huho et al., 2012).

The amount of rainfall in which tea maintains robust growth does not seem to be a definitive

upper limit. Some areas of Sri Lanka receive up to 5100 mm of rain but this does not affect
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tea growth and productivity. Regarding the smaller range, the precipitation below 1300 mm
per year is expected to have a detrimental impact on the growth of tea. Different studies,

however, show different rainfall effects on tea production (Kamunya, et al., 2019).

Rainfall availability is the most crucial factor for sustaining crop production in rain-fed
agriculture. Rainfall amounts, distribution, seasonality and timing are of paramount
importance to crop production. Inter-seasonal variation of rainfall leads to a deficit of soil
moisture available for the plants thereby causing danger on crop growth and subsequent yields
(USAID, 2017). Climate change and variability have increased inter-annual rainfall variability
and increased the frequency of extreme events such as floods and droughts which have
affected crop production, tea included. This has led to total crop failure or reduced harvest

(CARE, 2009; McSweeney, 2006; Stringer et al., 2009).

It has been noted that rainfall patterns have been shifting and the occurrence of extreme events
such as droughts and floods have become common as a result of global warming (Zoellick,
2009 as cited by Enete et al., 2011). In Africa, these have had profound effects on yields,
thereby making farmers more vulnerable (UNFCCC, 2007). It has also been projected that
increased surface temperature is expected to increase spatial and temporal variations in
patterns of precipitation which will affect crop production (FAO, 2016). Variability in rainfall
between and within seasons (Rowhani, et al., 2011), prolonged dry spells and occurrence of
extreme rainfall events (Moriondo et al., 2011; Laux et al., 2010) may have great effects in
crop production and yields. A study by Cheruiyot et al (2007), has documented that droughts
account for 14 to 20 percent loss in tea yields and 6 to 19 percent tea mortality. In addition to
these, reduction in seasonal mean precipitation is perceived to have drastic effects on degraded

soils with low levels of organic carbon as they cannot be able to retain water for plant usage
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(Mohotti, 2015). Further, as rainfall becomes variable, farmers may no longer rely on their
knowledge of the seasonality of climatic variables. Shifting planting seasons and weather

patterns make it harder for farmers to plan and manage the production (Smith et al., 2014).

It has been noted that in the Pacific Region of Central America, hurricanes have had
significant effects on smaller holder farmer’s livelihoods with strong winds and torrential
rainfall destroying coffee plantations and farms (Philpott et al., 2008; Cruz-Bello et al., 2011;
Eakinetal., 2012). Additionally, the hurricanes damage roads, bridges and farm infrastructure
(Philpott et al., 2008; Ruiz Meza, 2015) which disrupt crop harvest transportation and

processing.

Research on the impact of climate variability on the production of tea leaves in the different
tea estates was conducted by Ali et al. (2014) in Bangladesh. The research demonstrated that
tea yield was greatly determined by the microclimatic parameters of a region especially
rainfall, temperature, moisture and light period. Heavy rains, on the other hand, erode high
soils and remove fertilizers and other chemical substances. Data analysis on weather found
that the highest yield of tea leaves per hectare increases when the rainfall ranges between
4000mm and 4600mm precipitation. The growth and yield of tea were affected adversely by
heavy or low or delayed precipitation. The production of tea leaves was observed to increase

marginally, with the average yearly precipitation increasing.

A study on the effect of rainfall on tea yield and crop distribution was carried out by Hossain
et al. (2015). The findings revealed that tea yields from various parts of the Sylhet district
increased marginally due to increased precipitation. Results also showed that maximum
rainfall with maximum rainy days is required for maximum output tea. Research on the effect

of plumage variability of production of agricultural products and welfare of households was
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conducted in rural Malawi by Moylan (2012). The results showed that households with
extreme negative rainfall shocks were experiencing substantially lower crop outputs,
agricultural value, a per-capita intake per capita over the wettest quarter of 2008/2009 and

2009/2010.

Research conducted at Darjeeling Tea Research Development Centre on the effect of climate
change on tea production revealed that there was reduction of yields by 41% in 2012. There
was a strong positive and significant correlation between green leaf yield and total rainfall (r
=0.78) (Patra et al., 2013). Projections by 2050 in Africa reveal that tea yields crop yields
will decline by 10-50 % (Jones & Thornton, 2003, Nelson et al., 2009). This is because African
agriculture is majorly rainfed and hence fundamentally dependent on the vagaries of weather.
These changing rainfall patterns and the rise in the intensity of severe weather events may
increase in the prevalence of crop pests and diseases (Barrios et al., 2008; Rarieya & Fortun,

2009).

Han, (2012) and Yang, (2015) have noted that for optimal tea growth, annual rainfall of
between 1500 to 2000 millimeters or monthly rainfall from 223 to 417 millimeters which is
well distributed is required. However, as noted in Carr (1972), the distribution of rainfall
throughout a growing season is as important to tea growth as total annual rainfall. It has been
noted that rainfall during the early part of the growing season has a greater positive impact on
yield than precipitation falling during the rainy season (Adams et al., 1998). There are also
reports that rains in excess of 500 mm per year could affect tea growth success (Carr, 1972).
Research that was done in the tropical regions has shown that extreme rainfall can negatively

affect tropical plant growth and development (Reyer, 2013, Ahmed et al., 2014).
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In China, a study analysis done using provincial-level data of tea production to identify the
effect on monsoon dynamics and weather on tea production found out that a retreat date of the
monsoon and an increase in monsoon precipitation was associated with a decrease in tea yield
(Boehm, et al., 2016). This agrees with a study done on observing climate impacts on tea
yields in India which revealed that there were decreasing returns to tea yields with increasing
monthly precipitation (Duncan, et al., 2016). Further, it has been noted that tea production is
lower during the long rains as compared to short rains due to long rainy periods reducing
sunshine and photosynthesis of tea leaves (Han, 2018). In contrast to the above, Ahmed et
al., (2014) argue that increased water availability increases tea plant growth and growth of
new leaves of tea bushes. From the above discussion, it is evident that the tea plant is affected
by both excesses and shortages of water as long as it more or less the required optimum. Water
excesses may lead to the leaching of soil nutrients and low water levels will affect the tea plant

nutrient uptake which in turn will affect production.

In Sri Lanka, research done on the series of analysis of monthly tea yield (kg/ha) and rainfall
of tea estate, revealed that there was a polynomial relationship between these two parameters
when lag period of one month is considered, that is rainfall of the previous month relates to
the productivity of the current month. According to Wijeratne et al., (2007), very high rainfall
reduces yields because of lack of sunshine. Also, a study done in Sri Lanka indicated that
monthly decrease in rainfall by one hundred millimeters leads to a decline by 30-80 kilograms

of made tea for every hectare (Wijeratne et al., 2011).

Further studies done in India and Sri Lanka have also revealed that heavy rainfall causes
damage on the tea plantations through soil erosion, poor growth due to lack of sunlight and

increased disease incidences (Duncan et al., 2016, Wijeratne, 2011). In Sri Lanka, tea yield
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losses were experienced in May to July in 2013 as a result of excessive rains and low sunlight
(Prematilake, 2014). It has been noted that rainfall reduction by 100mm reduces tea yields by
30 to 90 kilograms per hectare per month (Wijeratne et al., 2007). Further, it revealed that the
impact on yield loss due to erosion was higher in high elevation areas as compared to low
elevation areas (Mohotti, 2015). This was attributed to higher rates of erosion on elevated
areas which carried away the soil nutrients. Loss of soil fertility leads to reduction of retention
capacity of water in the soil, exposes the root system and reduces microbial activities due to
loss of organic matter (FAO, 2016; Talukdar, 2016; Prematilake, 2014). This eventually leads
to lower yields. It was also noted that landslides caused by heavy rains affected the tea

plantations and endangered the lives of laborers on hilly slopes (Wijeratne, 2011).

In contrast to the above, a study done in Assam in India found out that drought does not affect
tea yields (Duncan et al., 2016), but other research suggests that it increases the susceptibility
of tea plants to pests and diseases (Biggs et al., 2018) such as tea mites and wood rot

respectfully.

A study conducted on tea production in Uganda showed that there were tea losses of 1.1 billion
in 2011 due to rainfall variability. Tea plantations were sensitive to the temporary
unavailability of water for their growth and respond through lower unit yields and quality of
the harvested product (Bigirimana, 2010/2011). Intense rains lead to soil erosion, landslides
and waterlogging which damage root development in tea farms and reduces yields of the tea
plants (Nowogrodzki, 2019). In Kenya, a study by Cheruiyot et al., (2007) has shown that

climate variability has led 14-20% tea losses especially in the dry season.

Temperature increases coupled with changes in reliability, distribution patterns and

predictability of rainfall have been observed to have adverse effects on tea yields and quality
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(Ahmed et al., 2014; Boehm et al., 2016; Bore, 2015; Cracknell, 2015; Elbehri et al., 2015)
particularly in Kenya (Cheserek, 2013; Cheserek et al., 2015). The rise in temperature trends
were projected to continue (Eitzinger et al., 2011) and therefore impacting tea production if
precautionary measures are not put in place. While the volume of annual precipitation is on
the rise in Kenya, torrential rains, floods and mudslides have become a common occurrence.
These have damaged the tea clones and removed the top soil which is rich of nutrients.
Unreliable rainfall further impedes decisions along the value chain, from the timing of
fertilizer application to the regulation of leaf moisture during processing. Research has also
revealed that crop response to fertilizers highly depends on the seasonal distribution of rainfall
as it influences the soil water content (Talukdar, 2016). Therefore, rainfall variability affects

the decisions of farmers on when to apply fertilizers in the farms.

Projected changes in the precipitation rates in the future suggest a strong variability as well as
more frequent extreme climatic events such as heavy rainfalls or droughts and thus implying
a high vulnerability of tea production (Asfaw et al., 2014; Nkomwa et al., 2014). The
occurrence of droughts reduces soil moisture content which affects the photosynthesis process
and plant growth thus reducing yields (Cheserek et al., 2015). In support of the above, Ahmed,
et al., (2014) has noted that tea clones experience more stress during droughts because of their
shallow root. Although leaf quality can be retained during a drought, research has confirmed
that droughts can cause yield loss by 12 to 20 percent per annum which is dependent on the
severity of the drought and type of clone grown (Ahmed et al., 2014; Bore, 2015). The
reduction in yields leads to low income at farm-level foreign exchange earned in a country

(Bore, 2015; Chang & Brattlof, 2015 Nyaoga et al., 2015).
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Hailstones also damage the tea leaves and stem of the clones leading to high losses in some
tea-growing areas. As a result, yields fall subsequently as the tea plant’s effectiveness and
speed of recovery from hail destruction take several years to recover. Further, the situation is
worsened if the plant is infested with pests and diseases (Willson, 1992). In Kenya, an
estimated loss of 2 million kilograms of green tea per year has been incurred in the tea-
growing counties of the Western region which includes Kericho, Sotik and Nandi due to hail
(Bore, 2015). The Kenyan tea sector is already facing recurrent hail episodes (FAO, 2012)
and climate change schemes predict substantial rise of hailstorms damage in subsequent years

(Botzen et al., 2010).

Elbehri et al., (2015) has shown a weak negative relationship between tea yields and
precipitation (1,4 Kg ha-1 mm-1) at Timbilil Tea Estate in a study focusing on Kenya's
climate-change tea sector. This is because the rainy season and the depressing crop yields
follow low temperatures. The situation in Magura Tea Estate was however different, where
yields and precipitation had a positive relation (5.5 kg ha-1 mm-1). The warm temperatures
in the area were responsible for this relationship. Frostbite has tremendous potential for a 3-
month reduction in tea yields by up to 30 percent. The net loss of green tea leaves from hail
was estimated at 2.7 million kilograms per year in areas such as the Kericho, the Sotik and the

Nandi Hills.

Furthermore, Juma (2014) conducted a study in Murang'a County on the influence of rainfall
variability on tea production. The Kenya Tea Development Authority provided the tea yield
data for the period 1995 to 2012 and climate data were obtained from Kenya Meteorological
Department. The study in Murang'a County found out that rainfall variability and tea yields

had a positive relationship.
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2.3.3 Climate Variability and Its Impacts on crop production

Empirical studies have confirmed recent changes and climate fluctuations in agricultural
development globally have affected crop production (Skoufias et al., 2011). Global weather
is unpredictable and this has created uncertainities that have affected agricultural productivity.
The main consequence of climate variability is that extreme weather conditions such as
drought, hail, and frost have affected agricultural systems and livelihoods in general (Bore et
al., 2011). Past research has shown that the main factor which has led to annual tea yield
fluctuations is climate variability. The tea yields have been strongly affected by a region's
microclimate, especially rainfall, temperature, humidity and light durations, in a study done
in Bangladesh (Ali, et al., 2014). A study carried out in Sri Lanka on the susceptibility of tea
production to global climate change found that temperature rises, soil moisture deficits and
low-level saturation vapour pressure have had negative effects on tea growth and performance

(Wijeratne, 2014).

The average tea plantation productivity in Sri Lanka has increased overall since the 1930s
despite fluctuations between years. Currently, the production of national tea is more than 300
million kilograms per year, generally as the amount of processed or ‘created tea. It has been
noted that rainfall and temperature have had a strong influence on tea production. Certain crop
models were developed to predict tea output in different weather conditions. Increasing global
warming and reduction of rainfall have harmed tea production and hence fluctuations in yields
(Wijerante & Fordham, 1996). Informed by these findings this study used econometric models

to study the effect of temperature and rainfall variability on tea production in Kisii County.

A comparative analysis on the impact of climate change on supply and output variability of

major crops was carried out by Chen et al. (2004) in the United States of America where
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maize, cotton, sorghum, soya and wheat were the principal crops. The study showed that the
rainfall had a positive influence on crop yields and that temperature had a negative effect on
crop yields using the panel data technology with magnitudes differing according to the
estimated form of activity. For example, Maize returns were observed with a linear specimen
decrease of 0.24 percent and a decrease of 2.98% due to a temperature increase of one percent

using Cobb-Douglas’s specimens.

The study also found that increasing precipitation decreased maize and cotton yield but
enhanced sorghum yield. At the very same time, the increase in temperatures reduced cotton
and sorghum differently, but the variability in maize yield increased. The observations were
done in various places in which the plants were grown and the cultural conditions. The goal
of this research was also to derive quantitative estimates for the effect temperature and

precipitation variability on tea yields in Kenya.

Seo et al., (2005) evaluated climate change and its impact on agriculture with the application
of the method of Ricardian and five experimental models of AOGCM in Sri Lanka. They
studied the effects of rainfall and temperature on the net income of tea, rice, rubber, and cocoa.
The findings indicated that rainfall benefited all the selected plants under study, with gains of
between eleven and twelve percent of crop revenues. Temperature on the other hand had a
negative effect of between eighteen to fifty percent loss. This research, informed by the results,
considers rainfall and temperature as the main variables affecting the development of tea in

Kenya and sought to use a different set of econometric methods to assess their effect.

Using computer simulation and experiments, Porter & Semenov, (2005) demonstrated climate
variability and its effects on the development of crops. The results of the study showed that

rising temperature and precipitation variability contributed to increased yield risks. Various
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crop processes are influenced both by changes in mean and annual temperatures which have
different effects on crop growth and development. This study combined the variability of
rainfall and temperature to take account of the impacts on crop production by extreme events
to capture climate risk. But as in Porter & Semenov (2005), this review takes an approach that

IS more quantitative than experimental.

In South West Ontario, Canada, Cabas et al. (2010) measured climate and non-climate effects
of the mean and variance between maize, soya and wheat. Three models were estimated in
this analysis. The first model contained economic properties (change to input and location
characteristics) as independent variables (change in the planted area). The second model
featured, in addition to the economic and site elements, overviews of seasonal climate
indicators. The seasonal climate variables were daily, seasonal average, seasonal precipitation,

precipitation variation coefficient and temperature variation coefficient.

To capture the influence on the yield of extreme events, the rainfall and temperature variables
were combined. Instead of seasonal overview indicators in the second model, the third model
used monthly weather variables. The variables used were mean monthly minimum
temperature and total monthly precipitation. Squared precipitation values and temperature
values for non-monotonicity were used. The findings revealed that climatic elements under
study had a significant influence on plant distribution. Crop returns were affected by the
season of the year with temperature and precipitation variances largely explained the variation

in yield.

In spring and autumn, there have been temperature shifts that raise concentrations at a higher
rate but in the summer months at a lower rate. At the beginning of the growing season,

precipitation rises and summer yields also increase. The study found out that there was non-
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linear correlation between rainfall, temperature and plant yields (Cabas et al., 2010). In
addition, the study included environmental and economic variables in the evaluation of their
effect on production supply. This study, however, goes one step further and takes into account

the effect of rainfall and temperature variations on tea

Basak et al, (2009), using the simulation model of the Decision Supporting Framework for
Agrotechnology Transfer (DSSAT), assessed the effects of potential climate change on rice
production in Bangladesh. Results show that production of rice decreased dramatically by
13.5 % and 28.7 % respectively, with a rise in maximum temperature of 2 degrees Celsius and
4 degrees Celsius. The model results also show that dropping at minimum temperatures
decreases yield, but more dramatic damage is caused by the increase in maximum

temperatures.

While applying a case study research design in the study, the effects of climate change on the
production of food crops using bivariate Chi-square and ANOVA in Ibadan were investigated
by Agboola & Ojeleye (2007). A sample of 325 farmers were interviewed to test the
hypothesis on the effects of climate variability on food crop production. The study showed
that farmers have seen improvements in climatic conditions over the last two to three decades.
Furthermore, farmers noted that the yield of food crops was affected by an increase in
temperature, a decrease in precipitation, and a decrease in relative humidity. However, the
study found that climate change had no major impact on crop production, using chi-square,
and correlation analysis. The regression outcomes did not foster the perception of farmers.
The study, therefore, assumes that farmers' understanding of climate change affects their
decision-making processes for crop production and therefore affects the availability of crops.

The research tries nevertheless to use a well-constructed set of econometric models to evaluate
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the effect on crop production of climate change, provided that the Chi-square approach is
restricted as not much information is given about the intensity of the connection or the

substantive value of this relationship within the population.

In contrast, Benhin (2008) showed that both temperatures rise and precipitation would cause
the farm income to fall, using the Ricardian method for estimating the effects of climate
change on farm income in South Africa. The studies provide a logical connection between
climate and crop productivity. To identify the effect of climate variables and crop yields in
Kenya, this study integrates rainfall and temperature variability as well as seasonal
precipitation and temperature means used in Kabubo-Mariara & Karanja (2007) and Benhin
(2008). Furthermore, the study uses 23-year time-series data to capture the influence of time

variations.

The impacts of climate change on tea productivity in Sri Lanka were assessed in Wijeratne et
al. (2007). The results of the study showed that low and medium altitude tea-growing regions
were more vulnerable to climate change compared to higher altitude areas. The optimal
temperature required for tea growth was 22 degrees Celsius, while optimal rainfall ranged
from 223 to 417 millimeters a month in different regions. Reduced monthly rainfall by 100
millimeters would reduce output per hectare of "Made Tea" by 30 to 80 kilograms. The rise
from 370 ppm to 600 ppm of environmental CO2 concentration increased the production of
tea by 33 percent to 37 percent, depending on altitude. Projections from the crop model
showed that increased temperatures and decreasing rainfall in most tea-growing regions in Sri
Lanka, except for upland wetlands, led to a reduction in tea yields. Moreover, the study
projected that returns will possibly increase at high altitudes but decline at low altitudes due

to climate change. Therefore, the research recommended sustainable adaptation measures to
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mitigate these adverse effects. In relation to the above findings, this study used monthly
temperature and rainfall variations to assess their impact on tea production in Kisii County of
Kenya. It used a statistical approach to determine their impact. This study, however, did not

examine the effects of changes in atmospheric CO2 concentration.

The impact of climate variability on the yield of major cereals in the Dadeldhura district,
western development region of Nepal was assessed by Bhandari (2013). The research utilized
an exponential model of the growth curve and used data from the time series. Temperature
and precipitation were shown to have a substantial influence on the cereal yield. Precipitation
was found to have a significant influence on maize and barley yield whereas it was not
significant for rice, wheat and millet. The temperature had a significant influence on the yields
of the five cereal crops. High temperature and rainfall favored maize and rice growth hence
high yields. Precipitation increases and temperature variations had a significant influence on
crop production. The study shows that variations in precipitation and temperatures have
heterogeneous effects that can harm or gain the plant, depending on height above sea level,

plant type and season of the year.

In Veracruz, Mexico, Gay et al., (2006) reported the effects of climate change on coffee
production. A multiple regression model was used in the analysis that combined environment
and economic explanatory variables. The model contained linear and quadratic terminology
for seasonal climatic indicators and seasonal variation of climatic variables. Extreme events
that influence crop production have been captured by seasonal variances in climate variables.
Economic variables used as explanatory variables: coffee prices of state, international coffee
prices, population, the index of producers and coffee stocks in the USA. The model predictions

have shown that coffee production negatively reacts to seasonal temperature more so, changes
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of the average winter temperature more adversely. Study estimates also have shown that
rainfall and temperature changes could cause coffee production to decline by 34 percent by
2020. This research incorporates both economic variables and climatic variables, according
to Gay et al. (2006) in modeling the response from maize, tea and coffee to climate variability.
The analytical model also requires taking account of extreme events and the threats to the

precipitation and temperature variations to the farmer.

In the US historical data used by Huang et al. (2010) to estimate the effect of environmental
and technological change on corn, soybeans and wheat yields from 1978 to 2007 using county-
level panel data, a general crop yield model. Climate variables included: annual monthly
rainfall and quadruple conditions, increase in seasonal grade days and monthly variation in
temperature (MVT). The study found that for all three crops, climate variables have a major
effect on yields, and high temperatures led to decreased crop yields, whereas more
precipitation would only increase the yields of maize and soybeans. The findings are
inconclusive about the effects of precipitation on wheat yields. Thus, shifts in precipitation

from the analysis may theoretically increase or decrease crop yields.

The multi-regression model Hamjah, (2014) has been developed to quantify the climate
impacts on Bangladesh tea and cotton. The analysis also calculated climate-based output
efficiency using a stochastic border model. The estimates showed that tea production was
negative and significant only during sunshine hours and wind speed during the summer. These
climate changes account for 92 percent of Bangladesh's variations in tea production. Based on
the results, the purpose of this study was to evaluate how climate change affects the production
of tea in Kenya using a statistical approach. However, the effects of changes in sunshine and

wind speeds were not reported in this report.
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Kumar (2014), while using a simple regression model, Cobb Douglas model, and Ricardian
productivity regression, estimated the effects of climate change on sugar cane productivity.
The study found that precipitation and temperature had a big effect in different seasons on
sugarcane production. Similarly, the impacts of climate change on agricultural productivity
have been studied by Mahmood et al. (2012), Nastis et al. (2012), and Lee et al. (2012) who
estimated the production function of Cobb Douglas. These researches have shown that rainfall
and temperature have a significant influence on agricultural development. Concerning crop

yields with climate variables, this study adopted the Cobb Douglas model.

Using a climate scenario of a rise in temperature of about 2.8 degrees Celsius and an increase
in precipitation of 8 percent, under the crop model, land prices have been expected to decline,
while the land values under the crop revenue model are forecast to increase. Due to the various
weights and crop models allotted to different geographic areas, the results were different.
According to Mendelsohn, the market value of production reflects the growth of a particular
parcel of land, which means that variation in the spatial environment contributes to variation
in productivity in the land. The study environment allows the assessment of climate and
agricultural productivity and their rational relationship using a model of multivariable
regression (Parry et al., 2004). The research used time-series data to test the effects of climate
variables on crop production by using regression models, capturing the effects of climate
change on crop productivity. The same climate scenario and identical weights were used by
Reinsborough (2003) and Schlenker et al. (2005) as Mendelsohn et al. (1994). A similar

conclusion was drawn by Schlenker et al. (2005) as Mendelsohn et al. (1994).

However, under the two-crop soil model, Reinsborough, (2003) projected a rise in the value

of farmland in Canada, concluding that global warming is supposed to favor Canada.
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Deschenes & Greenstone (2011), on the other hand, argued that Schlenker et al., (2005).'s
conclusions were not strong and suggested that weights be used in agricultural areas. Their
conclusions were not strong. While the impact of these weights was lower, the value of
farmland was projected to decrease. The effects of Climate Change on 59 crops were studied
in Taiwan in 2002. The study used an econometric model incorporating climate and economic
variables. In this analysis, the independent variables of climate included the seasonal average
of the average monthly temperature and the average of monthly precipitation and the variance
of average seasonal temperature and the mean variation of long-term average 20-year seasonal
rainfall. The effect of optimal temperature and precipitation on yields was implemented with
a linear term and a quadratic term for each climatic variable. The results of the study showed
that rising temperatures and changes in rainfall have a major non-monotonic effect on yields.
The positive effects of climate change on vegetables and the negative impacts on cereals and
pulses have been observed. This research also uses econometric approaches. In assessing their
effect on the supply of maize, tea, and coffee crops in Kenya, the models incorporate economic
variables and climate variables, using data spanning 45 years. The study also considered a
non-monotonic relationship between climate variables and crop yields in estimating the

impact of climatic temperature and rainfall on yields of the crop (Mendelsohn, 2009).

Maddison, (2006) has surveyed farmers and conducted a Ricardian study using land prices, in
eleven countries in Africa, as farmers consider them as being against market values. The study
showed that African agriculture is highly susceptible to climate change in countries with hotter
climatic conditions projected to experience severe losses. The value of providing water, which
is highly affected by temperature and precipitation, has been confirmed, rendering it
particularly vulnerable to climate change. Similarly, Kurukulasuriya and Mendelsohn (2006)

use the Ricardian cross-cutting approach to identify the connection between net crop revenues
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and the environment through farm-level data on a survey carried out in 11 countries. The
results have shown that net revenues are dropping with a decline in precipitation or
temperature rise. The study predicted hotter and higher temperatures would be
disadvantageous for dryland regions. The studies create a logical connection between climate

and agricultural productivity.

In South Africa, the effect of moderate temperature and precipitation on maize yield was
investigated by Akpalu et al. (2008). A generalized maximum entropy estimating method was
used to estimate cross-partial findings. Increase in rainfall and temperature led to an increase
in maize yields. In return, Moula (2010) found that one percent standard deviation from the
long-term mean of precipitation and temperatures had a negative effect on crop production
when analyzing the effects of Cameroonian farming with time series data for 40 years. The
key variables influencing crop production were stated in the study by Akpalu et al. (2008) and
Moula (2008) were rainfall, temperature and deviations from median values. The study,
however, used data from time series over 45 years and not from cross-sectional data as used

in Akpalu et al. (2008).

A detailed assessment of the impacts of climate change on crop development in Sub-Saharan
Africa was conducted by Blanc (2011). Maize, cassava, millet, and sorghum were among the
crops under research. The study estimated the productivity of crops and the response of
supplies to climate change. The first collection of econometric analyses estimated the impact
on crop yield from changing weather. The forecasts revealed a major effect on crop yields
from temperature, precipitation, evapotranspiration, floods, and droughts. In countries with
less favorable agricultural conditions, temperatures and rainfall have had greater impacts. The

accumulation of CO2 has only had a noticeable impact on millet.
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The second series of economic analyses examined the effect of climate change on farmers'
decision-making. Estimates of regression showed that temperature and rainfall variation
influenced supply options for farmers who were more sensitive to exports of crops.
Temperature and precipitation variations had an adverse impact on the availability of soil
water available for crop growth. The outcome showed that farmers invest in other practices or
diversify into other crops as climate risk increases. The study, therefore, establishes a
connection between climate change and the decision-making process of farmers. Thus, as
followed in this report, Blanc (2011) reports on projections of the response to production
supplies to climatic variables shifts. In addition, this analysis also takes cash crops into

account in assessing the impact of changes in climate variables on tea crops.

The impact of climate variability on the development of maize in Nigeria was examined by
Sowunmi & Akinola (2010). The study used the 2-way ANOVA and coefficient of variation
(CV) to investigate the complex connection between climate changes and agronomic variables
for maize production. Seven ecological zones and data for the period from 1980 to 2002 were
used in the study. The results showed that in most parts of Nigeria, with ample water
availability and negligible temperature variation maize can be grown throughout the year. The
study showed that in the development of maize, water is a crucial input. Since Kenya relies
highly upon the development of rain-fed crops, the study was carried out using national data
and a set of economic methods to determine the effects of rainfall and temperature variability

on tea production.

While using an Error Correction Model, Eregha et al. (2014) investigated the effect of climate
change on crop development in Nigeria. The study assessed the impact on the production of

maize, rice, beans, cassava, cocoa, groundnuts, millet, potatoes, sorghum, and yams of
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temperature, rainfall, and carbon emissions on production. The study found that maize, rice,
beans, cocoa, and sorghum production was adversely affected by temperature. The
temperature, however, had a positive effect on groundnut development. Rainfall had a positive
impact, but had a negative impact on sorghum production, on beans, cocoa, potato, cassava
and rice production. The adverse impact on the production of maize, millet, rice and sorghum
has been shown to carbon emissions. As pointed out by Bhandari (2013), rainfall and change
of temperature can have a variety of harmful or beneficial effects depending on the crop type.
This study, therefore, examined the effects of temperature and rainfall variation on a different

crop, tea.

The mean temperature in Ethiopia increased over the past 20 years, and plaster patterns and
quantities dramatically changed, with crops accounting for over 45% of GDP being generated
(Abera, 2011). It has been observed that climate variability is a major factor affecting
agriculture in Zambia, and has been projected to reduce its annual GDP growth rate by 0.4
percent per annum. Long-term climate data study in East Africa shows that the climate is
changing certainly (Mendelsohn et al, 2000) with an all-embracing tendency to raise
temperatures and rainfall. It is estimated that the rising temperatures of many countries such
as Kenya, Uganda, Ethiopia, Brazil, Peru, Mexico, and Nicaragua would have disastrous

impacts on tea and coffee as an important export (McDonald, 2009).

Providing more regular and severe weather, evidence of rising climatic variability in East
Africa emerges. Uganda has seen a substantial rise in the intensity and severity of droughts
and floods. The records of dry and wet years in Uganda from 1943 to 1999 have shown that
the frequency of very dry years has increased significantly over the last 30 years in the

northern and western areas of the country which have negatively affected agricultural
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productivity (Orindi & Eriksen, 2005). In Tanzania, it has been observed that intra- and inter-
season temperature variations, as well as precipitation, have affected cereal yields (Rowhani
et al., 2011). Increasing the seasonal temperature by 2 degrees Celsius on their model reduced

the average yields of maize, sorghum, and rice by 13percent by 8.8 percent, and by 7.6 percent.

Research by Omumbo, et al., (2011) was performed using the Golden Standard weather
observations to demonstrate a warming trend of the maximum, and minimum temperatures
observed in Kericho from 1979 to 2009. The study revealed that there was an upward trend
in temperature by 0.2 Celsius per decade which would affect crop production in the area. As
noted by previous studies climate variability and its effects vary from place to place over time.
Informed by the study of Omumbo et al. (2011), this study examined the effects of monthly

rainfall and temperature variations from 1995 to 2019 in Kisii County on tea production.

Kenya has also suffered several droughts and floods, as did its neighbours, that have
devastating effects on the farming sector. In several eastern African countries, climate change
influences weather patterns. There are already proven climate changes in Kenya that have
been postponed, decreased and damaging precipitation and increased temperatures that have
a significant effect on the production of tea. The key source of income for many families is
endangered because the population depends on tea production (Adapcc, 2010). More than 70
percent of Kenya's natural disasters are weather-related, with drought and floods being the
most severe over the years (Omambia et al., 2009). It was observed that over the past decades,
the erratic variations in rainfall patterns have been evident and sometimes long dry spells have
become a common phenomenon, impeding tea growth substantially and thus leading to low

production and consequently low profitability (Soy et al., 2009).
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In a detailed study from scientific research, Tubiello et al, (2007) investigated the reaction of
of different species of plants in relation to climatic changes. Results showed that hurricanes,
flooding, cross-year and climatic change over decades as well as large-scale traffic like the
Southern Oscillation of EI Nino impact crops, pastures and the development of forests
tremendously. Performance losses can also be greater than those measured through regressors
which are medium variables only. The results of the study showed that while previous studies
have shown that crop biomass and yield appear to increase dramatically as CO2 increases,
change in climate will alter and minimize the direct effects on crop growth and yields. During
the stage of flowering of the crop, higher temperatures will have a direct reduction on the
positive yield effects by reducing the quantity, size, and quality of the grain and, indirectly,
by raising the water demand, thereby altering the positive effects of increased carbon dioxide.
Moreover, changes in the ratio of evapotranspiration to precipitation alter the productivity and
function of the ecosystem, especially in marginal areas. High water efficiency under high CO2

can ease or mitigate the effects of drought.

Bukhari, (2009) conducted an econometric analysis of climate change effects on the growth
of Gambia's cash and food crops. The study determined the reaction of soil, paddy rice,
sorghum, millet and maize to climate change. A random time effect data system was used in
the study. Depending on last season's production, last season rates, current plant and
precipitation levels and current seasonal usage of the land, the current season production was
expressed. All the other variables were considered important, other than rainfall variability,
whose effect was negligible. Rainfall had the greatest effect on crop production and the most
important justification variable for crop yield in Gambia was the climate impact over the
period studied. Further the study noted that there was need to incorporate economic and

climate variables in the modeling of maize's responses to climate variation, the main
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foodstuffs, tea crops and coffee crops in Kenya. Moreover, precipitation and temperature

variations are considered for extreme events and the danger to farmers in the empirical model.

Using the statistical approach in Tanzania, the impacts on cereal yield of both seasonal climate
and variability of climate were examined by Rowhani et al. (2011). The study results showed
that cereal yields in Tanzania were affected by both intra-seasonal and inter-seasonal changes
in temperature and precipitation. With a temperature rise of 2 degrees Celsius, the seasonal
temperature had the most effect on production, decreasing the yield of maize, sorghum, and
rice by 13, 8.8, and 7.6 % by 2050, respectively. Maize, sorghum, and rice are expected to
decrease by 4.2, 7.2, and 7.6 percent respectively by 2050, with a 20 percent rise in inter-
seasonal precipitation. The study also shows that if climate variability is ignored and the focus
is confined to climate media, climatic implications for maize, sorghum, and rice, are below
the estimated at 3.6,8.9, and 28.6 percent. The research focused on seasonal precipitation and
temperature methods, and also the variations in precipitation and temperature, to obtain robust
estimates. Using a longer data set, this analysis uses different estimation techniques than
Rowhani et al., (2011) to estimate the effects of rainfall and temperature variations on tea

production.

In addition, in a different physical area, this study estimates the response of a food and cash
crop. According to the location analysis and the option of explanatory variables used in the
study, it is predicted that the impact on crop yields of climate change would distinguish. The
effects of climate change on rice production were calculated by Kawasaki and Herath (2011)
by calculating the production function of Cobb Douglas. The study found that crop position,
solar radiation and temperature influenced the rice yield. Precipitation had little effect on rice

production since farmers who cultivated drought-tolerant rice varieties had prudence with
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management practices in water. The survey shows that climate changes lead to changes in the

level of decision-making, transformation and development.

Using a time series analysis, Tesso et al. (2012) used co-integrated VAR and ECM for climate
variability and its effect on dietary development in Ethiopia. Information spanning three
decades was included in the analysis. The results of the study suggested that improved
technology, the region under irrigation, the use of manure, the Meher rain, and the average
temperature significantly affect food production. Meher rain, mean temperature, Belgian
rainfall and irrigated area, manure usage per hectare and led to change in yields which
accounted for about 90% of the productivity fluctuations. Precipitation and temperatures are
therefore expected to have different effects in various seasons on crop production. The study
also investigates the effect of seasonal variations of temperature and rainfall on the

distribution and tea yields.

The links between weather and tea productivity in Kenya were studied by Cheserek et al.
(2015). The authors used Timbilil tea farm, Magura tea estate, and Kangaita farms to carry
out the research. Data analysis found that land temperatures had increased, precipitation
amounts and distribution had varied over time. The study revealed tea thrives well when soil
moisture is not inhibitory in warm temperatures. A substantial positive link between average
air temperature and tea production was observed in all study sites where soil moisture does
not restrict. The study used a series of econometric techniques to analyze the impact on tea
production of climate variability based on a different approach to the one used by Cheserek et
al., (2015). While Cheserek et al., (2015) considered three farms' data, this data cannot be used
for generalization to all tea growing regions since the climate is not static as it varies from

region to region over time. Evidence of climate change exists in tea-growing areas, according
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to Wachira (2009). There has been evidence of reduced precipitation, decreased soil water,
and elevated temperatures since 1958. The rainfall in Kericho decreased by 4.82 millimeters
annually in the 52 years covered by the report, while the temperature rose by 0.016 degrees
Celsius annually. Temperatures in the area of tea growing have increased from 0.1 to 2.9
degrees Celsius. There is a high correlation between tea production and precipitation with the

number decreasing with drought periods and an increased deficit in soil water.

Rwigi and Oteng'i (2009) were also evaluating the effect of climate parameters in the Mount
Kenya region on tea yields in tea-growing regions. Linear and various regression models were
employed in the analysis. The research used five climatic variables: mean daily minimum
temperature, mean daily maximum temperature, mean daily relative humidity, total weekly
radiation and weekly tea yield. The results show that the weekly tea production is highly
influenced by the mean minimum daily temperature and relative humidity. In this
investigation, the results inform, the main variables that influence Kenya's tea production
include precipitation, temperature and the variability thereof. However, this study expands the
scope of the climate variability and examines the effects of total tea production on the national
level. Further for econometric estimation analysis uses a specific range of techniques to

determine the effect on tea production.

In Kiambu County, Kenya, Wangui (2010) investigated the effect of temperature and rainfall
variations on large-scale coffee production in the estates of the county. Using the Pearson
correlation method, the study revealed that in the study area, fluctuation of precipitation and
temperature increase led to the reduction in coffee yields. This research, informed by the
results, considers rainfall and temperature variability as the main variables affecting the

production of coffee in Kenya. However, this research extends the scope, taking into
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consideration the national influence on total coffee production of the rainfall and the medium
temperature and their deviation from the mean. Further for econometric calculation, the study

uses a specific set of techniques.

For testing of data from 227 farms irrigated by rice in 6 countries in many seasons, Welch et
al. (2010) used the Multiple Regression Model. The model included environmental variables
for the farm and agricultural variables and economic variables for the particular area.
Economic variables were introduced to make the forecasts more accurate compared to
modeling using only weather variables. From the approximate coefficients, temperature and
radiation had statistically more effects on both the vegetative and ripening phases of the rice
plant. In order to minimize yield, high minimum temperatures and moderate maximum
temperatures increased yields. The study prediction suggested a decrease in the yield of rice
from mild warming over the next few decades. With the probability that during the study
period, rainfall did not restrict irrigation levels, rainfall had no significant effect. The results
of the study showed that the effects of precipitation and temperature on crops depend on the

crop plant's growth and development stage.

However, according to Gay et al. (2006), the seasonal means are more precisely significant
than the annual values in relation to climatic variables and plant phenology. This research,
therefore, deals with seasonal climate data on crop growth and crop output. The ties between
climate change and crop production in Uganda have been observed by Mwaura & Okoboi
(2014). The research used the period that ranged from 1981 to 2008 for the ARCH model. The
projections of the model showed that the fluctuations in rainfall and temperature from long-
term means significantly influence crop production. The increase in the temperature difference

produced a higher crop production difference, while the exponential increase in precipitation
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had a detrimental effect on crop output. The results showed that climatic instability affects

crop production. However, in the research, the study did not include monthly means.

The potential effect of future climate change on tea production in Kericho County, Kenya,
was assessed by Okoth (2011), using Kapkatet tea estate. The analysis was based on regional
climate model outputs from PRECIS. The research was carried out using tea production data
collected from the Kapkatet tea factory, rainfall and temperature data to examine the seasonal
production cycles using the simulation method. Further research by Bett (2018), on the effect
of climate variability on tea production in Kericho County was carried out. The study used,
James Finlay’s (k) limited tea yield data, rainfall and temperature data from the Kenya
Meteorological department. Using multiple regression, the study found out that rainfall
variability had a positive significant influence on tea production. the study showed rising
patterns in maximum and minimum temperatures. The study indicated that climate changes
in Kericho County have occurred and are likely to change in the future. This research used
econometric techniques to analyze the effects of climate variability on the production of tea,
using a different methodology from the simulation process employed by Okoth (2011). Given
that climate varies from region to region, this study cannot be used to generalize the effects of
climate to all regions of the nation. Therefore, this study used correlational analysis and sen’s
slope to determine the strength of the slope which was not used by Bett, (2018) and Okoth,

(2011). It further examines the perception and adaptation to climate change by tea farmers.

A study was conducted by Leshmta (2017) on the suitability of tea-growing zones in Kenya
under changing climate where Kisii was included. The study used tea production data for a
period of ten years that from 2006 to 2015, monthly rainfall and temperature from 1976 to

2014. But this study used tea production data, monthly rainfall and temperature from 1995 to
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2019 to examine the effects of climate variability on tea yields. The study by Leshmta, (2017),
did not give a detailed inquiry on the effect of climate variability on tea yields in respect to
the period in question. Therefore, the current research examined the effect of climate

variability in each year in line with tea yields.

Samwel, Abutto and Otieno (2018), assessed the impacts of climate variability on food
security in Kisii County. The study examined the effects of rainfall and temperature on food
crops such as maize, beans, potatoes and bananas from 1983 to 2014. Given that climate
affects different crops differently, this study examined the effect of climate variability on tea

yields from 1995 to 2019.

2.4 Perception of Farmers on Climate Variability

Different population groups have different perceptions on climate variability (Haque et al.,
2012). Some perceive it in terms of rainfall and temperature variations, others perceive it
from extreme climatic events such as floods and droughts and others from crop failure,
reduced crop yields and reduced water resources. Many farmers worldwide have been
experiencing climatic changes as reported through rising temperatures, unpredictable and
reduced rainfall which has led to reduced yields (Karki, 2019). It has been noted that assessing
different levels of farmers’ perception is paramount for successful efforts to curb negative
effects of climate variability and change on Agriculture. Further, perception of the severity of
climate variability and change in agriculture and water resources is an important prerequisite
in coping and adapting to these changes since they influence the farmer’s responses (Patt
&Schroter 2008; Ochenje, et al., 2016). Adaptation at the farm level will not take place unless

farmers perceive variations in the climatic elements.
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Most researchers such as Roncili et al., (2002); Vogel & O’ Brien, (2006) and Thomas, et al.,
(2007), have argued that environmental perceptions are among the lead factors that influence
the adoption of adaption strategies, planning and management of agricultural activities taken
by farmers. Maddison (2006) described that adaptation to climate change requires the
perception of farmers that there has been a spatial variation of climate over time and then
choose useful adaptations and implement them. Sledgers (2008) as cited by Moyo et al.,
(2012) has also indicated that an important factor that shapes a farmer’s perception is
experience. In terms of seasonality, bad experiences of the seasons, when extreme climatic
conditions such as droughts affected agricultural production, can be remembered. In
agreement to the above, a review done on the experiences and perceptions of farmers about
climate change and variability on research articles up to 2016, revealed that farmers
worldwide have been experiencing climate changes mainly regarding rising temperature,
unreliable and reduced rainfall which have led to the reduction of the agricultural produce

(Karki, Burton & Mackey, 2020; Hitayezu, Wale & Ortmann 2017).

Research done in Songkhla Lake Basin in Thailand on farmers’ perception of the effect of
climate variability on crop production revealed that change in temperature and rainfall had led
to reduction of crop production and these affected farmers involved in fruit production, and
fisheries adversely (Somboonsuke et al., 2018). This is in agreement with a study conducted
on perceptions of farmers on climate change and variability in Central America which
revealed that smallholder farmers perceived that climate has been changing with most of them
reporting the rise in temperatures, low annual rainfall and seasonality of the rain season
(Harvey et al., 2018). A study done in North West Ethiopia, on the perception of farmers to
climate variability showed that there were crop failures in the past, changes in temperature

and precipitation significantly influenced farmers’ perception on climate variation in wet
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lowland parts of the study area. In dry lowland conditions, farming experience, climate
information, duration of food shortage, and the number of crop failures experienced

determined farmers’ perception of climate change (Paulos & Belay, 2018).

A study that was done using participatory research techniques in two semi-arid regions of
Zimbabwe on farmers perception on climate variability and the correspondence of these
perceptions with historical climate data revealed that farmers perceived that there were
variations in climatic and weather patterns over the past decade. Further, it was indicated that
there were erratic rainfall patterns, decreased rainfall and temperature increases, which led to
a decline in crop production and increased livestock morbidity and mortality (Mvumi et al.,
2012). This agrees with a study of South African farmers’ adaptation to climate variability
and change (Bryan et al., 2009), where it was observed that 95 percent of the farmers perceived
that temperature had changed over time while 97 percent of them thought there has also been
a change in rainfall. Extreme weather events had been projected to increase in the Southern
Africa region which is frequently affected by frequent drought occurrence due to its
characteristic low rainfall index and variability (Rakgase & Norris, 2015; Stringer et al.,
2009). In contrast to the above, a study conducted in a semi-arid Basin by Shimola and
Krishnaveni, (2017) on farmers perception on climate variability revealed that the majority of
the farmers reported that rainfall had been decreasing and they had experienced high

incidences of droughts that forced them to opt for other sources of income.

A comparison of farmers’ perception of climate variability with climatological data was made
in South Africa. The response of the farmers was consistent with that of the climatological
data which revealed that there was a decrease in the total annual rainfall from 2006-2015

(Rapholo, 2020). This study is in agreement with the one conducted in the semi-arid highlands
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of Northern Ethiopia where 92 % of the farmers perceived that annual rainfall had decreased
from 1983 to 2015 (Kahsay, Guta & Gidey, 2020). In South Africa, a study was conducted in
the rural Limpopo Province on the perception of smallholder farmers on climate variability
and crop production and household livelihood by Ubisi, et al., (2017). The study found out
that 56.4 percent of the smallholder farmers perceived prolonged droughts as the main factor
affecting crop productivity. This is in agreement with a study done in the Central River Region
of Gambia where most farmers perceived an increase in the occurrence of extreme events.
Almost all farmers that is 90 percent considered drought as the main factor affecting

agricultural activities in the area (Begagnan, Ouedraogo & Fonta, 2019).

A review was done by Sani and Chalchisa (2016) on farmers’ perceptions on impact and
adaptation strategies to climate change among small-scale farmers in Sub- Saharan Africa. It
was revealed that most farmers were aware of climate change and variability which was
manifested in changes in precipitation patterns. This agrees with a study conducted in five
Counties of Eastern Province in Kenya on farmers’ perception on rainfall variability and its
associated risks. Farmers were aware of the rainfall variability and its effects on crop

production but were not able to recognize the long-term trends (Rao, et al., 2011).

In Kisii Sub County, a study done on the perception on the effects of rainfall variability on
crop production and household security, results showed that farmers perceived that it led to
reduced yields, reduced water availability and increased crop and animal diseases (Otiso,

2016).

2.5 Mitigative Measures to Climate Variability

The global nature of climate variation is demonstrated by efforts to address its impacts.

Addressing these impacts requires technological innovations in farming systems. This makes
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it compulsory for both farmers and policymakers all over the world to consider taking efforts
and developing policies, which, in turn, will be translated into domestic contexts and
implemented (UNFCCC, 1992). This requires building and adjusting indigenous
understanding with modern knowledge gained from field research operations (FAO, 2008;
2014). In developing countries, most countries are faced with high population growth.
Therefore, their agricultural systems and food security are required to come up with coping
strategies as uncertainties in climate variability and change have become a common

occurrence (Kogo, Kumar & Koech, 2020).

According to the cultural theory for climate change adaptation, the way people perceive
climate change risk is informed by the social interactions and cultural worldviews comprising
fundamentals beliefs about society and nature. This in turn influences the feasibility and
acceptability of climate adaptation planning, policy-making and implementation (McNeeley,
& Lazrus, 2014). In agreement with the above, Herrero et al., (2010) argues that adaptations
to climate variability and change should include all relevant sectors from the crop -farm level,
community, national regional and global levels in enacting policies that sustain agricultural

investment.

Therefore, adaptation requires the involvement of multiple stakeholders, including
policymakers, extension agents, Non-Governmental Organizations (NGOs), researchers,
communities, and farmers. Potential strategies will include infrastructural investment, water
management reform, land-use policy, and food trade. Climate change and variability can no
longer be considered to be secondary or long-term reactions. For those communities already
vulnerable to the effects of current climate threats, initiatives are normal, imperative and

urgently needed (Cooper, 2013). Adaptation strategies are long-term (within a single
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precipitation period), which are required to respond farmers to a new set of unprecedented
changing climate conditions. This should be clearly distinguished from coping policies, which
are interventions that have evolved through farms' long-term experience in dealing with the

natural weather variation they expect in and between seasons.

In response to climate variability and changing conditions, Pathak et al., (2012) have identified
several adaptation strategies available for crop farming. These include technical alternatives
(for example, more drought-tolerant crops), behavioral responses (for example, improvements
in dietary choices), management changes (for example, various animal feeding practices) and
policy options (including the planning and infrastructure growth regulations) (Thornton et al.
2006). A four-pronged approach to embracing and controlling the climate fluctuations in the
agricultural and specifically crop-producing sector is suggested: drought, floods, frost,

extreme storms and hailstones.

In Lake Victoria, where the Central Sub Company is based, most households depend heavily
upon the cultivation and rearing of the cattle, according to Dida et al., (2013). However, as
climatic conditions do not seem to be favorable in most areas of the region, and knowledge
building and changing farming practices are therefore important. East African farmers still
had high variability in rainfall during or between seasons and were not static in their farm

systems (Cooper et al., 2011).

A study by Bryan et al. (2011), found that farmers are more concerned with increased
uncertainty and seasonal changes that prevent their ability to forecast planting trends and to
schedule their agricultural activities accordingly. Weather patterns have already changed, and
therefore, various mechanisms have been employed (Kuria, 2009; Macharia, Lugadiru,

Wakori, Ng'ang'a & Thuranira, 2010; Kristjansen et al., 2012). Changes and modifications to
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various agricultural strategies reflect evidence of the changes perceived by households (Meze-
Hausken, 2004). Climate variability and change modification require various responses,
including crops and animals, land use, and land management and livelihood strategies (Bryan

et al., 2011).

Practices to cope with plant variability in local communities include crop diversification, fish
farming adoption, kitchen planting, hay staking, and bio-intensive farming (FAO, 2016b;
2017a; GOK, 2010; 2013). The fluctuations of precipitation and declining land size have
resulted in farmers adopting various agricultural practices to increase productivity in an
environment that is worsening. Farmers move away from traditional farming practices based
on the cultivation of one or two or three cash crops for household living. New crops are
introduced, the number of livestock has fallen, zero-grazing has been included, as well as
agroforestry (Muriuki, Kirumba & Catacutan, 2011; Elbehri & Sadiddin, 2016) is now widely
practiced. Comprehension of household choices of crop-livestock can generate important
information on how farm households change the risk of their crop composition in response to
variability in rainfall. It has been noted that a crop management adaptive system includes;
early planting, planting of cultivars that are resistant to climate variability and irrigation (FAQ,
2016b). In agreement with the above, Ixchel et al. (2019) in their study found out that crop
management can increase crop yields by 7 to 15 percent, though these results depend entirely

on the region and crop in consideration.

The efficacy of these adaptation approaches depends on a variety of factors which include the
knowledge base of farmers, capital, technology, the physical and social environment as well
as support programs made available for farmers that make such adjustments possible (Assan

etal., 2018; Zizinga et al., 2017). This agrees with FAO, (2011) which argues that raising crop
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productivity requires sustainable intensification which lowers the cost of production and
steadily increase in yields while preserving the environment thus minimizing the negative
effects. The approach of sustainable crop production intensification uses the model “save and
grow” which promotes productive agriculture that conserves and enhances natural resources.
It also uses an ecosystem approach that draws on nature’s contribution to crop growth such as

soil organic matter, water flow regulation and natural predation of pests.

In response to rainfall variabilities, Selvaraju, Subbiah, Baas and Juergens (2006) found
adaptation methods widely used by farmers were; water harvesting, early planting, deep
plantation, cover crop planting, application of mulch to preserve moisture, planting of
drought-tolerant crops, early planting and farming of alleys and business diversifications.
Various studies (Yamba, 2019) suggest the promotion of appropriate/indigenous farm
adaptation technologies. Though several studies have been carried out in developing countries
on adaptation to climate change (Selvaraju et al., 2006; Nhemachena, 2007; Badi, 2010;
Ojwang et al., 2010; Huho et al., 2012), they have not done their studies at group or household

coping strategies for high potential regions and at how they respond to variation in rainfall.

The analysis must, therefore, concentrate on high potential regions and how the different
populations view the effects and adaptations of the rainfall variability. This is because
societies are inclined to adapt successfully to their traditional information structures (UNEP,
2006; 2010). Therefore, what is taking place in a high potential region like the Kisii Central
Sub County at the household level is relevant for us to understand. The explanation is the

households are the most vulnerable group to climate change.

The instability of expected precipitation is one of the ongoing stresses faced by rural

communities. For the population which is dependent on rainfed farming for their survival, the
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seasonality, quantity, distribution, and timing of rainfall are especially important. During this
study, several studies were conducted in order to study the effect of plant variability (Klein &
Roehing 2006; Ojwang 2010; Shisanya, Recha & Anyamba, 2011; Recha, 2011; Bezabih,
Défalcao & Yesuf, 2011; Huho et al., 2012) in view of the prevalence of weather instability
and the virtually exclusive dependence on cropland for production. However, most of these
studies have concentrated on dry and semi-arid areas and medium potential areas. While
farmers seem to have a wide range of practices that give much productiveness, adaptation and
mitigation benefits, the degree to which farmer practice the adaptation is varied according to
farm household characteristics, biophysical and socio-economic conditions (IPCC, 2007,

IFPRI, 2011; Ambasa, 2015).

Agricultural technology adoption is regarded as synonymous with farmers' adaptation
strategies to combat the negative influences of change in climate (Nhemachena & Hassan,
2007) and as a consequence, adoption literacy can be applied in adaptation studies on climate
change. A number of variables, including age, gender, education level, income levels and
agro-ecological areas, are known to affect household response strategies to climate change.
Adesina & Forson (1995) and Gbetibouo (2009) studies of agricultural technology observe
that there is no consensus in the literature on the accurate impact of age on the adoption of
agricultural technologies since the age impact is generally unique to localization or technology

or thus an empirical concern.

For the sake of older farmers' being more risk-averse and thus less agile than younger farmers,
age might have a negative impact on decision making to implement new farming technologies.
On the contrary, age will have a positive impact on a farmer's decision to adopt as older

farmers are better able than younger farmers to determine the characteristics of new
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agriculture. These researches have not concentrated on how perception is affected by age.
Future events may be influenced by experiences and interpretations of previous events
(Smelton et al., 2011). Thus, this research aimed to find out how age affects the understanding

of rainfall variability effects and adaptation choices.

Concerning gender, Asfaw & Admassie (2004) note that male-headed households are more
likely to obtain information on new farming technologies and are more likely to pursue riskier
projects than in the households headed by females. The same observation was made by Tenge
& Hella (2004), who pointed out that the risk of women-headed households is less high
because women may be limited by traditional social barriers to knowledge, land, and other
resources. Contrary, households that are headed by women follow strategies for adjusting to
climate change than men (Nhemachena & Hassan, 2007). These studies did not show how

gender and the influence of rainfall variability are related.

Norris & Batie (1987) argue in terms of education that farmers with more education have
more chance than farmers with less education that can have increased access to technical
knowledge. Igoden, Ohoji & Ekpare (1990) and Lin (1991) also noted a positive correlation
between household education and improved technology adoption and adaptation to climate
change. Farmers with a higher educational standard are also more likely to understand and
respond to climate change. Linked to Nhemachena and Hassan (2007) study shows that
farming experience, as the education level of farmers, is increasing the chances of

implementing climate change adaptation steps.

Farmers’ innovation and decision-making normally involve a process under which farmers
themselves can develop ways of doing practices that improve their farming activities as well

as coping and adapting to any changes that may seem threatening their farming activities and
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so, their livelihoods. This also implies that climate variability and change action should be
informed by Traditional Ecological Knowledge (TEK) in areas where environmental change
has been experienced, adaptations options, land use, and natural resource management have
been employed (Aswani, Lemahieu & Sauer, 2018; Saylor, 2018; Alsharif & Torres, 2017,

Yamba et al., 2019; Vinyeta & Lynn, 2013).

Over decades, small-scale farmers have coped with external stressors through changing their
agricultural operations. Past climatic observations coupled with traditional knowledge were
of great importance in coping with environmental changes (Altieri &Koohafkan, 2008).
Farmers have used community-based tested methods and practices to cope-up with these
changes thus enhancing food security. According to Shaw et al., (2009), local and traditional
knowledge should be valued in coping with climate variation. This is because place-based
memory of vulnerable areas, knowledge for responding to recurrent extreme events and
detection of abnormal environmental events manifest in the power of local knowledge (Cutter
et al., 2012). The people at the grassroot in regard to climate change and variation conserve
resources when they perceive changes in weather patterns and therefore adapting to these

changes (Salik & Ross, 2009; Turner & Clifton, 2009).

Different people use different methods depending on the vulnerability of the extreme event
and their culture. Some of the methods used include mountain rice terrace systems in
Madagascar; multiple cropping systems in Chinampas, Mexico; ancient irrigation, soil and
water management systems in Iran, Afghanistan and Mali; and complex multi-layered home
gardens with wild and domesticated plants for foods, medicines, ornamentals and others in

China and India (Fussel, 2007, Koohafkan & Altieri, 2011).
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In China, soil and water conservation measures have been put in place to increase soil water
holding capacity to reduce the impact of droughts so as to maintain tea productivity. Some
farmers have employed organic farming which has contributed to climate mitigation and
sustainable agriculture. Studies have revealed that organic tea production can enhance soil
carbon sequestration (Han et al., 2016) through increasing soil organic matter levels. This
increases plant nutrients, increases water retention capacity and hence increased productivity.
According to the High-Level Panel of Experts, HLPE, (2015) and Oweis, (2014) water and
soil conservation in Sub- Saharan Africa are used to increase production and reduce losses
incurred during the dry period. Supplemental irrigation using water harvested during the rainy

season is a prime approach for growth and increase of crop yields in rain-fed agriculture.

In Ethiopia research done by Nzuma et al., (2010) and Yamba et al., (2019), have revealed
that adaptation practices to climate variability and change include: reducing the amount of
food consumed daily, gathering of wild game, engaging in trading activities and migration to
other areas if the effects are severe. This is in agreement with a study conducted in Ghana
which has revealed that adaptations to climate variability include on-farm practices such as
timely planting, mulching, digging of canals to divert water to the farms, harvesting water
during the rain season for irrigation, afforestation and agricultural diversification such animal
farming (Antwi-Agyei, Fraser, Dougill & Simelton, 2013; Asante & Amuakwa-Mensah,
2014; Mohamed, Kwaghe, Abdulsalam, Aliyu & Dahiru, 2014). All these practices are aimed
at either improving the water retention capacity of the soil, reducing evapotranspiration,

removing flood water, or enhancing the hydrological cycle.

The tea ecosystem is unstable because the tea plant is a mono perrenial crop. With climate

change and variation, more complex and integrated ecosystems should be considered to
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maximize the use of natural resources such as hot weather, water and enriched carbon dioxide,
while minimizing stress conditions. Proper shade management and mixed farming cropping,
such as animal husbandry which provides biogas slurry fertilizer for tea growth and other
vegetation provide green manure. Biogas slurry is a liquid that is discharged from a biogas
digester that is dried and composted to get solid organic fertilizer that is rich in nitrogen,
phosphorous, potassium, calcium, magnesium and Sulphur needed for plant growth (Bouten
et al., 2014). According to SNV (2011) when tea is treated with slurry, it improves in quality
and yields increase by 11 percent. Conservation agriculture, precision agriculture, organic
agriculture and other sustainable farming systems have been integrated to adapt to climate
change (FAO, 2016). In response to climate variability and change conservation agriculture

involves minimal disturbance of soil, permanent soil cover and regular crop rotations.

Among the adaptation strategies listed include: improving crop varieties through careful
selection of seed, harvesting rainwater, soil conservation measures as well as changing
farming practices (Briggs, 2018; Reij & Waters-Bayer 2001; Critchley & Mutunga, 2002;
Chinkhuntha, 2004; Ojwang’, et al, 2010; Wood, et al., 2014). Creative traditional irrigation
by many local ethnic groups in many developing countries, for example, use of trenches by
Wachagga and Wasonjo in Tanzania and Qantas in Iran (Shemsanga, 2010); use of biological
methods to control crop pests (O’Neil, 1995); use of concotions to produce new pestcides
(Minja et al., 2003); planting of leguminous and cover crops to conserve and improve the

fertility of the soil (Wickama & Mowo, 2001).

Diversification is also another important adaptation to climate variability and change as it
helps to spread the risk of climate variability damaging livelihood (Chandra, 2017). It reduces

the impacts of climatic blow on income and provides a wider variety of alternatives for
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managing subsequent threats. Agricultural diversification means adding plant varieties and
species or animal breeds to farms. It involves landscape diversification with different crops
and cropping systems interspersed over space and time. It has been noted that farmers look
for different means of earning a living such as employment in Malawi, but in Zambia, farmers
variegate to animal husbandary. Where the climatic impacts are high, mixed farming is
preferred as animals are treated as assets that can be sold anytime to provide income in Sub-
Saharan Africa (Herrero et al., 2013; Braudron et al., 2013). Further, mixed farming systems
provide manurethat is used in crop production which reduces input costs (Liu et al., 2010;

Herrero et al., 2013).

Adaptations to adverse climatic changes are numerous in Kenya and include crop management
practices (choice of fields, planting densities, crop varieties and planting dates), land use and
management (fallowing, tree planting or protection, irrigation and water harvesting, soil and
water conservation measures, and tillage practices and soil fertility management), livelihood
practices (mix of crop and animal production, permanent or temporary migration and
agricultural and non-agricultural activities) (Bryan et al., 2011). This agrees with a study done
in Trans- Mara East Sub-County on climate adaptive capacity and smallholder farming which
found out that farmers diversified crop their varieties and used improved drought-tolerant
varieties (Simotwo et al., 2018). The Tea Research Institute of Kenya (TRIK) has also
developed clones that are resistant to frost damage and are recommended for the areas that
suffer from frost (Maina, et al., 2013). From the above literature, it evident that different
regions of the globe adapt to differently to climate variation depending on the agricultural
activity and the vulnerabilities. Though many reseasrches have been done on measures of

curbing climate variability on crop production, no known research has been done on small-
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scale tea farmer in Kisii County. To fill this gap, the study examined climate variability and

its effects on small-scale tea production in Kisii County.

It was evident from the literature review that climate change and variability have adverse
effects that affected tea production. Table 2.1 summarizes climate variability and its effects

on tea yields.

85



Table 2.1: Climate Variability Effects on Tea Production

Climate Variable Problem Effect

Increased evapo-transpiration leading to drying of soil
Increased temperatures causing reduced water content in the soil leading to

reduced tea yields and negative impact on quality

Emergence of pests and diseases which not previously

present in these areas

Changes in suitability of existing tea growing areas.

Sun burns and destroys leaves, leading to decreased

yields and low quality

Variation of rainfall patterns Uncertainty in when to apply fertilizers

Increase in extreme weather events such  Leaf damage and Crop failure
as drought, hail, storms, floods, frost and  Susceptibility of tea plants to pests and diseases
landslides Erosion washes away the soil fertility
Frost damage the leaves
Increased financial vulnerability of tea farmers
Increased reliance on irrigation due to reduced
precipitation

Source: Summary of literature Review
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CHAPTER THREE

RESEARCH METHODOLOGY

3.1 Introduction

This chapter discusses various sections such as the study area, research design, sample size
and sampling techniques, data collection instruments, data collection procedures and methods

of data analysis and presentation.

3.2 Study Area

3.2.1 Geographical location

This study was conducted in Kisii County which is situated in former Nyanza Province in
South Western Kenya. The County is inhabited mostly by the Abagusii people. The area lies
between latitude 0°30" and 1° 00" S and longitude 34° 38" and 35°00” E. It has an area of
1,317.9 square kilometres with a population of 1,266,860 according to the 2019 census

(KNBS, 2019).

Kisii County is bordered by the following Counties: Homabay and Migori to the West,
Nyamira County to the North East and Narok County to the South. The administrative
divisions of Kisii County are; Keumbu, Kisii town, Marani, Masaba, Mosocho and Suneka.
Kisii County comprises of the following nine sub-counties: Masaba South, Gucha, Nyamache,
Kenyenya, Sameta, South Gucha, Kisii Central, Kisii South and Marani (Kisii County

Government, 2018).

3.2.2 Physiology

In physiology, it is characterized by undulating and hilly landscapes with several ridges and

valleys that lie approximately 1500m above sea level (GOK, 2009a). The overall slope of the
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area is towards the west; therefore, the general drainage is in that direction. Topographically,
it is divided into three classes; those that lie below 1,500m above sea level that are located on
the western boundary of the County which includes parts of Suneka, Marani and Nyamarambe
Divisions. Secondly, areas that lie between 1,500 -1,800m above sea level are located in the
Western parts of Keumbu and Sameta Divisions, Eastern Marani and Gucha River basin. The
last category covers areas lying above 1,800m above sea level in parts of Eastern and Southern

Keumbu, Masaba and Mosocho Divisions.

The hills that are found in Kisii County include; Nyamasibi (2170m), Sameta (1970m),
Kiamwasi (1785m), Kion’ganyo (1710m), Kiongongi, Kiombeta, Sombogo, Taracha,
Nyanchwa and Kegochi among others. The slope of the land is generally from the East to the

West where there are many depressions and valleys.

In drainage, rivers Gucha, Mogusii, Riana, Mogonga, lyabe and Chirichiro cross the County

Westwards flowing into Lake Victoria (Kisii County Government, 2017).
3.2.3 Climate and Soils

The County experiences a highland equatorial climate which has long and short rainfall
patterns with an average annual rainfall of 1500mm and 60 percent reliability (800 mm in the
short rains and 1200 mm in the long periods). Temperature ranges between 16% and 27°,
with the coldest months being June, July and August while the hottest months are December

and January (GOK, 2009a).

Soils found in the County include; red volcanic soils which cover 67% and clay soils, red soils
and sandy soils. The soils favor the growth of cash crops such as tea, coffee, pyrethrum and

subsistence crops such as maize, beans, bananas and potatoes among others (Kisii County
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Government, 2017). The existence of natural vegetation is limited as ninety percent of the

total land is under cultivation and homesteads (Mironga, 2006).

3.2.4 Economic Features

The County’s economy is dependent on rain-fed agriculture with tea, coffee and sugar being
the main cash crops while maize, beans, potatoes and finger millet being the key food crops.
Bananas act both as food and cash crop. Other economic activities include dairy farming,
soapstone carving and trade. In the transport sector, the County is served by a network of
roads that connect to various counties such as Migori, Homabay, Nyamira and Narok. It has

Suneka Airstrip which is the only mode of air transport.
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Figure 3.1: Map of Study Area
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3.3 Research Design

A research design is an outline of how to collect, measure and analyzes data (Kothari, 2004;
Bariragi & Munot, 2019). It includes procedures adopted in collecting, analyzing, interpreting
and reporting data in research (Creswell, 2007). This study adopted a correlational research

design. The design examines a relationship between two concepts (Walliman, 2011).
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Correlational research design explores the relationship between variables and measures the
intensity of the relationship. Whenever variables change in the same direction, the relationship
is said to be positive while a negative relationship occurs when one variable increase while
the other is decreases. No relationship occurs when there is no identifiable pattern (Thompson
et al., 2005; Slavin, 1992). This design was important for this study because it examined the
relationship between rainfall and temperature variations and tea production. The study used

quantitative and qualitative approaches.

3.4 Target Population

A target population is a group of participants who have particular attributes of interest for a
research study (Creswell, 2003). It is a group of elements to which inference is made by the
researcher. The study targeted six Kenya Tea Development Agency (KTDA) factories and six
field service coordinators; 120,000 small scale tea farmers (KTDA, 2017) who supplied their
tea; and personnel from the meteorological department of Kisii County. This study collected
data on monthly tea production totals from factories for the years 1995 to 2019 and monthly

rainfall and temperatures from the meteorological department from 1995 to 2019.

3.5 Sample Size and Sampling Techniques

There are six KTDA factories in Kisii County, but using inclusive and exclusive criteria only
three were chosen based on their longevity in business. A typical inclusion criterion includes
demographic and geographic characteristics. On the other hand, exclusion criteria are defined
as characteristic participants of the study who meet the inclusion criteria but may have
additional characteristics that can distort the success of getting credible information (Patino
& Ferreira, 2018). All the factories could be included in the study to provide the required data

but, because the tea production data required was from 1995 to 2019, three were excluded
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based on the length of service. The factories that were chosen included: Kiamokama,
Nyamache and Ogembo. Data on monthly tea production from 1995 to 2019 was collected
from field service coordinators of the three sampled tea factories. The head of the
metorological department was purposively sampled.

The study used a sample size of 400 farmers as calculated by Yamane, (1967) at 95 %

confidence level obtained from Yamane table (Appendix I11).

(‘Yamane, 1967)

Where n = sample size

N= Total population

e =error term (0.05)

The sample size was distributed proportionately to three tea factories to obtain the sample size
for each as shown in table 3.1 using the formula

n =x/N *400 where;

n = sample size for each factory

x = number of farmers for each factory

N = total number of farmers for the three factories

400 is the calculated sample size obtained from the target population
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Table 3.1: Sample Size Distribution

Factory Number of farmers Sample size (n/total *400)
Kiaomokama 12937 113
15942
Nyamache 140
16720
Ogembo 147
Total 45599 400

Source: Field Data, (2020)

The three field service coordinators were purposively sampled each from the selected
factories. They provided secondary data on the number of farmers and monthly tea production
from 1995 to 2019 (Appendix VII).

The farmers supplying tea to the three factories were randomly selected. They provided
information on perception and adaptation to climate variability. Three field service
coordinators, one from each selected factory served as key informants. The head of the Kenya
Meteorological Department (KMD) provided climatic data on monthly rainfall and

temperature measurements over the stipulated period, 1995-2019.

3.6 Data Collection Instruments

To collect data and test hypotheses, the study used interview schedules and questionnaires to
collect primary data from field service coordinators and small-scale tea farmers respectively.
Document analysis for secondary data was used to collect monthly rainfall and temperature
data from 1995 to 2019 from KMD and tea yields from KTDA factories for the years 1996 to
2019. Two research assistants administered questionnaires to the farmers and interviews were

administered to the field service coordinators by the researcher.
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3.6.1 Questionnaires

A questionnaire is a data collection instrument that consists of a series of questions and other
prompts to gather information from respondents. According to Kothari (2004) a questionnaire
is commonly used by many researchers to collect data because it is cost-effective and precise
way of collecting extensive information within a short period (Orodho, 2008). Open-ended
and structured questions were used to collect data on the perceptions and coping strategies
from smallholder KTDA farmers. Two research assistants were distributed and collected the

questinnaires.

3.6.2 Interview Schedule

An interview schedule is a list that contains structured questions prepared by the researcher,
to serve as a guide for interviewers and researchers in collecting information about a specific
topic. It is used by the interviewer to fill the questions with answers received during the actual
interview (Luenendonk, 2016). Interview schedules allow the interviewers and researchers to
get more information since they can ask follow-up questions and clarifications to the questions
asked. The interviews were specifically used as a complement to the responses obtained from
questionnaires to reduce ambiguity in responses and give a clarification of the responses
given. The interviews were administered to the field service coordinators who were the key

informants.

3.6.3 Document Analysis

Document analysis is a systematic procedure for reviewing or evaluating documents. It
requires that data be examined and interpreted to get meaning and develop empirical

knowledge (Bowen, 2017). Monthly data on rainfall and temperature were collected from
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Kisii Meteorological Department and monthly tea production were collected from the three

selected factories.

3.7 Data Collection Procedure

After submitting the research proposal to the Board of Post Graduate Studies of Kisii
University, the National Commission of Science and Technology Innovation (NACOSTI)
gave a research permit. The researcher then sought permission from the County
Commissioners and County education officer. The area chiefs were informed that there was a
study done in their areas of jurisdiction. Further, the researcher assured the participants that
the information collected was purely for academic purposes and was treated with a lot of

confidentiality.

3.8 Pilot Study

A pilot study is important in ensuring that the study reasonably adopts a plan and approach
that will significantly guarantee the purpose of investigation (Gay, 1987). It is meant to
identify potential problem areas and deficiencies in the research instruments (Hassan, et al.,
2006; Kraemer, et al., 2006; Murray 2003). A pilot study was done before the commencement
of data collection to test the suitability of instruments. The pilot study was conducted in
Nyakoba Tea Factory in Nyamira County. A field service coordinator of Nyakoba Tea
Factory was interviewed and one small-scale farmer was given a questionnaire to fill and
return. The pilot study enabled the researcher to review the suitability of the instruments and

where there were ambiguities, corrections made with the help of the supervisors.

3.8.1 Validity of the Instruments
The validity of an instrument refers to how best it can measure what it intends to (Kimberlin

& Winterstein, 2008; Pruzan, 2016). A test is said to be valid for measuring an attribute if the
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attribute exists and that variations in the attribute produce variation in measurement
(Borsboom, et al., 2004; Kupar, 2018; Pandey, & Pandey, 2015). To determine the content
validity of the instrument items, the supervisors corrected and ensured that the instruments
were in line with the proposed study objectives. Based on their comments, the wordings of

the instrument were modified and others made simpler.

3.8.2 Reliability of the Instruments

Reliability refers to the degree to which a measurement of a certain event gives a steady and
consistent outcome (Carmines & Zeller, 1979; Bairagi& Monut, 2019). Reliability is also
concerned with repeatability. It refers to the consistency or trustability of a measurement
tool (Marczyk et al., 2005; Bairagi& Monut, 2019). For instance, a test is said to be
dependable, if when the same measurement is done under the same circumstances will give

the same outcome (Moser & Kalton, 1989).

Reliability testing is crucial as it shows the consistency across the whole tool of measurement
(Huck, 2007). A scale is said to have high internal consistency reliability if the items of a
scale “hang together” and measure the same construct (Huck, 2007, Robinson, 2009).
Robinson, (2009), argues that many researchers use the Cronbach Alpha coefficient but,
Whitley, (2002), disagrees by saying that the most suitable method of measuring reliability is
the use of the likert scale. They further advise that there no perfect law that exists for internal

uniformity but agrees that the lowest coefficient for measuring internal consistency is 0.70.

In this study, the test and re-test method was adopted to assess the reliability (Mugenda and
Mugenda, 2003). Test-retest reliability refers involves repeating the same test on the same
respondent more than once (Marczyk et al., 2005). Using this approach, the same

guestionnaire was administered twice to the same farmer in June 2020. Then the correlation
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coefficient of reliability calculated was 0.9. This showed that the instrument was highly
reliable because any value which is equal to 0.68 and above shows that the instrument is

reliable and therefore can be used in the actual data collection process (Orodho, 2009).

3.9 Ethical Considerations

In research there is need to protect the research participants, develop a good relation and trust
in them and follow the right procedure in the data collection process (Fouka, & Mantzorou,
2011). The researcher sought authority to conduct the study from the School of Post Graduate
Studies of Kisii University and the National Council of Science and Technology Innovation
(NACOSTI) before proceeding to the field to collect data. Consent to visit the field was also
sought from the County Commissioner and County Education Officers. During field activities,
the reseaercher informed the respondents that the data collected was for academic purposes

and their responses would be confidential.

3.10 Methods of Data Analysis

To detect trends for temperature, rainfall and tea yields, Mann Kendall and Sen’s slope were

used.

3.11 Mann Kendall Test

Mann-Kendall (MK) test also known as Kendall tau, was used to detect trends of
meteorological variables. Mann- Kendall is the most commonly non-parametric test used for
detecting climatic changes in a time series and trend analysis (Mann,1945; Kendall, 1955;
Gocic & Trajkovic, 2012). It was used to analyze data for temperature, rainfall and tea yields
for 25 years to detect the consistency of increasing or decreasing trends (monotonic trends).

It was used because it is a non-parametric statistic that is less affected by the presence of
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outliers and other forms of non-normality (Kendall, 1975). It is also able to detect spatial
significant trends in climatological time series data (Moddarres& Sarhadi, 2009). It was used
to test the null hypothesis of no trend and the alternative hypothesis that there is a trend in the
two-sided test or there is an increasing or decreasing trend in the one-sided (Gocic &
Trajkovic, 2012).

For the time series xi, .., Xn, the MK Test uses the following statistic:

n—1 n
S:Z Z sign {x}-—xi-)
=1 £ j=l+1

1)
Where Sign(x) 1ifx>0

0ifx=0
-1ifx<0

where n is the length of the sample, x and x are from k=1, 2, , n-1 and j= k+1, , n.

If n is bigger than 8, statistic S approximates to normal distribution. The mean of S is 0 and

the variance of S can be acquired as follows:

n(n—1)(2n +5) (2)
var(S) =
18

Then the test statistic Z is denoted by Eqg. (3).
-1 ©)
L ifS>0

S
[var(S)
z 0, if $=0
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If Z>0, it indicates an increasing trend, and vice versa. Given a confidence level a, the
sequential data would be supposed to experience statistically significant trend if |Z|>Z(1-0/2),
where Z(1-0/2) is the corresponding value of P=a/2 following the standard normal

distribution. In this study, 0.05 and 0.01 confidence levels were used.

3.12 Sen’s Slope Estimator

Besides, the magnitude of a time series trend was evaluated by a simple non-parametric
procedure developed by Sen. Sen’s slope estimator was used to detect linear trend present in
the time series (Wilcox, 2001). According to Sen (1968), where a linear trend is present in a
time series, then the slope can be estimated using non parametric procedure, that is the Sen’s

slope. The trend is calculated by

x}'_xt'
Sen's SEGPEZMEdIﬂT]{ — :iﬂij}

The function is also used to compute the upper and lower confidence limits for Sen’s slope.

sens. slope (X, conf. level = 0.95) for (1 <= < j <=n), where,

x denotes the variable,

n is the data size,

i, j are indices.

Xi and Xj are the sequential data values, n is the data set record length.

Data analysis was undertaken using Statistical Package for Social Science (SPSS) version 25

and XLSTAT.

3.13 Karl Pearson Coefficient of Correlation

Karl Pearson Coefficient of Correlation was used to evaluate the effect of rainfall and

temperature variation on tea production.
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Karl Pearson Coefficient of Correlation (r) =Y. (xi- X) (Yi- ¥)/n (ox.0 y)

Where:
xi= i" tea yields
X = mean of x

yi = i" Rainfall, Temperature
y = mean ofy
ox = standard deviation of x
o y = Standard deviation of y
The r value lies between +1.

Positive value of r indicates positive correlation between the two variables and a negative
value indicates a negative relationship while zero, shows no relationship (Kothari, 1996, Shaw

and Wheeler 1985).

Data collected by the use of questionnaires and interview schedules was analyzed using
thematic analysis and measures of central tendency. The results were presented using line and

bar graphs, tables and pie charts.

100



Table 3.1: Operationalization of variables

Objective Data Measurable Methods of

Required Variable Data Analysis
1). To examine the Rainfall Rainfall Mann-
trends for temperature, Temperature Temperature Kendall test,
precipitation and tea Tea yields Tea yields
yields from 1995 to Sen’s slope
2019 in Kisii County

Karl Pearson

if). To evaluate the Rainfall Rainfall
effects of temperature Temperature Temperature Coefficient of
and rainfall variations Tea yields Tea yields Correlation
on tea yields from 1995
to 2019 in Kisii County
“iii). To assess the Perceptions Perceptions Percentiles
perception of tea Mean
farmers on the effect of
temperature and rainfall
variation on tea
production in Kisii
County
iv). To evaluate
mitigative measures put Mitigative Mitigative Mitigative
in place by tea farmers measures measures Measures

to curb the effects of
climate variability in

Kisii County
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Source: Summary of methods of data analysis
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CHAPTER FOUR
RESULTS AND DISCUSSIONS
4.1. Introduction
This chapter presents results and discussions on response rate, demographic characteristics,
temperature, rainfall and tea trends from 1995 to 2019; effect of temperature and rainfall on
tea production; perception of tea farmers on effect of temperature and rainfall variation on tea
farming, adaptive and coping strategies. Data was analyzed and presented using pie charts,

line graphs, bar graphs and frequency tables. Table 4.1 shows the response rate.

4.2. Response Rate

Table 4. 1: Response Rate

Frequency Percentage %
Responded 352 91.7
Did not respond 32 8.3
Total 384 100

Source: Field data, (2020)

A total of 352 dully filled and usable questionnaires out of 384 were obtained from farmers in
the study. This represented 91.7% response rate and a non-response rate of 8.3%. According
to Mugenda and Mugenda (2003), this was sufficient for doing the analysis. Table 4.1 shows
the response rate. Therefore, all the tables and graphs presented in this chapter have a sample

size of 352 tea farmers.
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4.3. Demographic Information
This section presents demographic information of the tea farmers namely: age of tea farmers,
level of education, size of land under tea cultivation in acres, duration of tea cultivation as

well as respondents’ knowledge on climate variability.
4.3.1 Age of Farmers

The study sought to establish the ages of tea farmers in Kisii County. This was useful as it
helped the researcher to gauge the experience of the respondents on matters about tea

production. The results were as presented in Figure 4.1.

Distribution of respondents by age

Over 55
11%

46-55
31% \

36-45
39%

Figure 4. 1: Distribution of farmer’s age

Source: Field data, 2020

The majority of the tea farmers, 285 (81%) were old people while 67 (19%) were youths. For
instance, 39 percent were aged between 36-45 years, 31 percent were aged between 46 and 55
years while 11% were over 55 years old. Age was considered as it was used to gauge the
period farmers had engaged in tea farming and therefore understood the changing patterns in

matters of temperature and rainfall variability.
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4.3.2 Level of Education
Level of education was assessed to gauge the tea farmers’ understanding on matters of

climate variability.

Respondent's level of education

45.0 44.6
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30.0

25.0
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s0 gl -

0.0

25.3

Percentage

No formal Primary Secondary College University
education
Level of education

Figure 4. 2: Farmer's Level of Education

Source: Field Data, 2020

Based on the results, most of the tea farmers 292 (82.9%) had at least completed secondary
school education while only 9 (2.6%) had never went to school (informal education). For
example, 13.1% had university degrees, 25.3% had completed college and 44.6% completed
secondary school. This shows that majority of the respondents were able to understand the
questions and subject under investigation. For the few who had no basic education, questions
were translated to them in vernacular since the research assistants were locals who understand

the local language.
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4.3.3 Size of Land under Tea Cultivation

Table 4. 2: Size of Land under Tea Cultivation in Acres

Descriptive Statistics

Std.
N Minimun Maximum Mean Deviation
Size of land under 352 .25 4.00 1.4607 .79533

tea cultivation

Valid N (listwise) 352

Source: Field Data, (2020)
Farmers were asked to state the acreage of land under tea cultivation. Using descriptive
statistics, the average size of land under tea plantation was 1.46 acres. However, the minimum

land on tea cultivation was a quarter of an acre while the maximum size was 4 acres.
4.3.4 Duration of Tea Farming

The tea farmers were asked to state how long they have been planting tea. This was used to
gauge their experience on matters related to tea farming and their knowledge on weather

dynamics.

106



Tea Farming Duration
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Figure 4. 3: Farmer’s responses on duration on Tea Farming
Source: Field Data, (2020)

As evidenced in Figure 4.3,141, (40%) of the tea farmers had grown tea for between 10 and
20 years, 100, (28.4 %) had grown tea for between 20 to 30 years while 90, (25.6%) had grown
tea for less than 10 years. This implies that majority of the respondents had adequate

experience and were better placed to give information concerning tea farming.

4.3.5 Knowledge on Temperature and Rainfall Trends

Tea farmers’ level of knowledge on temperature and rainfall trends in Kisii varied from no
knowledge to expert knowledge. This was based on the variations experienced over time that

affected tea production.
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Level of knowledge on temperature and rainfall variations
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Figure 4. 4: Level of Knowledge on Temperature and Rainfall Variations

Source: Field Data, (2020)
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Results on figure 4.4, revealed that, 67% (236) of the tea farmers indicated that they only had
some knowledge on temperature and rainfall variations. Only 2% (7) reported expert

knowledge while 8% (28) had extensive knowledge on these trends.

Further, the tea farmers were asked whether there have been changes in temperature and

rainfall on their tea farms for the last ten years. The results were as presented in figure below.
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Temperature and Rainfall changes in the last 10 years
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Figure 4. 5: Temperature and Rainfall changes in the last 10 years

Source: Field Data, (2020)

Based on results in Figure 4.5, 72% (253) of the tea farmers perceived that there had been
temperature changes in the last ten years. On the other hand, rainfall changes in the last 10
years were reported by three out of every four (264) of the tea farmers who participated in the

study.

4.4 Trends of Temperature and Rainfall Variations and Tea Yields from 1995 to 2019
in Kisii County

The first objective of the study sought to examine the trends of temperature and rainfall
variations and tea yields from 1995 to 2019 in Kisii County. To effectively do this, both
temperature and rainfall data were obtained from the Meteorological Department in Kisii
County. Tea production data was obtained from three tea factories in Kisii County, namely;
Kiamokama, Nyamache and Ogembo. Both the temperature, rainfall and tea yield trends were
examined independently using Mann Kendall’s Trend analysis and Sen’s slope. The data for

temperature, rainfall and tea yields are provided in appendix VII, VIII and IX respectively.
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4.4.1 Temperature Trends in Kisii County
Information on temperature has been provided in appendix VII

To test the temperature trends over time, Mann Kendall test was used to test the following
hypothesis.
Ho: There is no trend in the series

Hi: There is a trend in the series

When the computed p-value is lower than the significance level alpha=0.05, one should

reject the null hypothesis Ho, and accept the alternative hypothesis Hi.

Mann Kendall’s trend analysis compared the temperature data from 1995 to 2019. The data
was grouped in months from January to December for 25 years and comparison was done for
each month in the various years during the study period using monthly means. Table 4.3 shows

analysis of temperature.
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Table 4. 3: Temperature Trend Analysis from 1995 to 2019 in Kisii County

Month Kendall's tau S Var(S) p-value Interpretation
Reject

January 0.342 102.000 1829.333 0.018 Ho Trend detected
Accept

February 0.208 62.000 1829.333 0.154 Ho No trend detected
Accept

March 0.232 69.000 1828.333 0.112 Ho No trend detected
Accept

April 0.020 6.000 1829.333  0.907 Ho No trend detected
Accept

May 0.106 31.000 1817.000 0.482 Ho No trend detected
Accept

June 0.088 26.000 1824.667 0.558 Ho No trend detected
Reject

July 0.397 118.000 1826.667  0.006 Ho Trend detected
Accept

August 0.234 69.000 1823.667 0.111 Ho No trend detected
Accept

September 0.115 34.000 1822.000 0.439 Ho No trend detected
Accept

October 0.037 11.000 1823.000 0.815 Ho No trend detected
Accept

November -0.075 -22.000 1820.000 0.623 Ho No trend detected
Accept

December -0.054 -16.000 1826.667 0.726 Ho No trend detected

Source: Field Data, (2020)

Where:

S: is the test statistic

Var(s): is the variance of the statistic test
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The results indicate that there were no temperature trends detected for most months with an
exception of January (p-value 0.018) and July (p-value, 0.006). This was informed by the
significant p-values (less than the alpha value of 0.05). Therefore, the null hypothesis that
there was no trend for the month of January and July is rejected. Also, the results showed that
temperature has been increasing over time (positive Kendall's tau) except for November (p-
value -0.075) and December (p-value -0.054) where they have been decreasing. These results
are supported by Ren, Ding and Tang (2017), who found that mean annual surface temperature

had rose by 0.17° over the past sixty years in China.

Sen’'s slope: January

For the significant temperature trends in January and July, Sen’s plots were as illustrated

below. Generally, Sen’s slope shows the magnitude of the trend.

Table 4. 4: Sen’s Slope Analysis for Temperature in January from 1995 to 2019

Observation Value Lower bound (95%) Upper bound (95%)

Slope 0.041 0.010 0.071

Source: Field data, (2020)

The gradient of the Sen’s slope shows that in the month of January, temperature levels have
been increasing by 0.041° ¢ from one year to the other. From the figure 4.6, it was evident that
there was a positive trend with varying temperature levels for the different years studied. For
instance, the lowest temperatures recorded for January were in the year 2001 where an average
of 20°C was recorded while the highest temperatures were experienced in 2017 (23°C). This
result is supported by Macharia and Raude (2017), who found that in Thika River Basin, trend
from Sen’s slope showed that temperature in the past 30 years increased by 2.14°

c
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Figure 4. 6: Graph Showing Sen’s Slope for Temperature in January from 1995 to
2019

Source: Field data, 2020

Table 4. 5: Sen’s Slope Analysis for Temperature in July from 1995 to 2019

Observation Value Lower bound (95%) Upper bound (95%)

Slope 0.044 0.012 0.070

Source: Field data, (2020)

Similarly, there was a positive temperature trends for the month of July with a slope value of
0.044. The lowest temperatures for July were recorded in 2002 (15°C) whilst the highest

values recorded were 21°C. The variations were very minimal across the years.
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Figure 4. 7: Graph Showing Sen’s Slope for Temperature in July from 1995 to 2019
Source: Field Data, (2020)

The results from the study revealed that there were no temperature trends detected for most
months February, March, April, May, June, August, September, October, November and
December as revealed by p- values greater than 0.05 in table 4.3. Temperature trends were
detected for January (p-value 0.018) and July (p-value 0.006) where there were significant p-
values less than 0.05. The results also showed that temperature has been increasing over time
(positive Kendall's tau) except for November and December where they have been decreasing.
This is in agreement with the anthropogenic global warming theory which asserts that
temperatures are on the rise. The results support those of Attri & Tyagi, (2010), which
revealed that temperatures have increased by about 0.71% in India from 1901 to 2007 with
accelerated warming after the 1970s. This also agrees with World Bank, (2016) which found

out that between 1960 and 2006 the Malawian annual temperature increased by 0.9°c.

Further, this agrees with an analysis conducted by Gebrechorkos, et al, (2019); Ongoma and

Haishan, (2017), on long-term trends in temperature for East Africa. They found that there
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were significant increasing trends in maximum temperature by 1.9°%¢ and minimum
temperature by 1.2°% from 1979 to 2010. This is in agreement with Omumbo, et al, (2011)
who found increasing trend by 0.2% for every 10 years in observed maximum, minimum and
mean temperatures from 1979 to 2001 in Kericho. Also, according Daron (2014), temperaures
have increased by 1.5° ¢ to 2.0° ¢ in the greater Horn of Africa for the last fifty years. This
also is in agreement with a study conducted by Samwel et al., (2018) which found that
temperatures were on an increasing trend shown by the p-value 0.001 in Kisii County from

1983 to 2013.
4.4.2 Rainfall Trends in Kisii County

The study sought to examine if there were rainfall trends from 1995 to 2019 using Kendall’s
trend analysis. The following results in table 4.6 were computed using the means of each

month for 25 years. Rainfall data is provided in appendix VIII
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Table 4. 6: Rainfall Trend Analysis from 1995 to 2019 in Kisii County

Kendall's p-

tau S Var(S) value Interpretation
January -0.333 -100.000 1833.33 0.021 Reject Ho Trend detected
February -0.277 -83.000 1832.33  0.055  Accept Ho No trend detected
March -0.110 -33.000 1832.33  0.455  Accept Ho No trend detected
April 0.127 38.000 1833.33  0.388  Accept Ho No trend detected
May -0.093 -28.000 1833.33  0.528  Accept Ho No trend detected
June -0.100 -30.000 1833.33  0.498  Accept Ho No trend detected
July -0.250 -75.000 1832.33  0.084  Accept Ho No trend detected
August 0.180 54.000 1833.33  0.216  Accept Ho No trend detected
September  0.180 54.000 1833.33  0.216  Accept Ho No trend detected
October 0.144 43.000 1832.33  0.327  Accept Ho No trend detected
November 0.040 12.000 1833.33  0.797  Accept Ho No trend detected
December 0.160 48.000 1833.33  0.272  Accept Ho No trend detected

Source: Field Data, (2020)

In the same way, to test the rainfall trends over time, the following hypothesis was tested.

Ho: There is no trend in the series

Hi: There is a trend in the series

When the computed p-value is lower than the significance level alpha=0.05, one should reject

the null hypothesis Ho, and accept the alternative hypothesis H;.

116



Based on Table 4.6, it was only the month of January that had a positive significant trend.
This was informed by the significant p-value of 0.021 which was less than 0.05. the null
hypothesis that there was no trend is rejected for the month of January Generally, rainfall was
seen to be decreasing during January (-0.333), February (-.0.277), March (-0.110), May (-
0.093), June (-0.100) and July (-0.250) as shown by Kendall’s tau in table 4.6. These results
are supported by research done by Ren, Ding &Tang, (2017) who found out that during the

twentheth century, from 1950 to 2000 the total annual precipitation had declined in China.

On the other hand, there was an increase in rainfall for April (0.127) August (0.180),
September (0.180), October (0.144), November (0.040) and December (0.160) over time. This
agrees with the analysis done by Yue, et al, (2002), who found in Thika catchment areas

annual precipitation had increased by 7.8mm for the past thirty years.

The Sen’s slope for January (which revealed a significant trend) was as shown on table 4.7.

Table 4. 7: Sen’s Slope Analysis for January for Rainfall from 1995 to 2019

Observation Value Lower bound (95%) Upper bound (95%)

Slope -3.415 -8.225 -0.682

Source: Field Data, (2020)

Rainfall has been decreasing in the January at an average of 3.415mm from 1995 to 2019.The
lowest monthly rainfall recorded was in 2002 when there was an average of 6mm while the

highest monthly mean in 2007 (281mm).

117



JAN

Rainfall in mm

1995 2000 2005 2010 2015
Year

Sen's slope

Figure 4. 8: Graph Showing Sen’s Slope for Rainfall in January from 1995 to 2019
Source: Field Data, (2020)

Results on the trends of rainfall showed it was only the month of January that had a positive
significant trend. This was informed by the significant p-value =0.021 (less than 0.05) as
shown on table 4.6. Generally, rainfall was seen to be decreasing as shown in tale 4.6 by
Kendall tau values during January (- 0.333), February (-0.277), March (-.0.110), May (-
0.093), June (-0.100) and July (-0.250) while there was an increase in rainfall for April (0.127),
August (0.180), September (0.180), October (0.144), November (0.040) and December
(0.160), over 25 years. The results are in agreement with FAO (2016a), which indicated that
rainfall had shown a steady decrease in North East India’s tea-growing regions. Further, the
total annual rainfall had decreased by more than 200mm in the South Bank region in an

analysis done for 96 years.

Furthermore, according to an analysis done by Omondi, et al. (2014), the rainfall in individual
stations of the greater Horn of Africa from 1980- 2010 has revealed a decreasing trend in the
total precipitation in Southern Sudan, Western Ethiopia and areas around Lake Victoria. In

addition, a study by Wakachala et al. (2015), which was done in the Great Rift Valley of
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Kenya has shown a decreasing trend in annual rainfall with high variability within seasons,
which affects production and farmers in decision making. These results contrast with a study
done onthe Guinean Coast by Nicholson et al. (2000), which found that there was a ten percent
rise in annual rainfall for the last thirty years. Moreover, in Kisii, according to Leshamta
(2017) has been noted that there have been rainfall variations within different seasons which
may have pronounced effects on tea production. This also agrees with a study by Samwel et
al., (2018) which found out that in Kisii County rainfall had a decreasing trend from 1983 to

2013.

4.4.3 Tea Yields Trends
The study sought to examine trends on tea yields from 1995 to 2019. The following table 4.9
provides the analysis on total yields using Kendall trend analysis. Data on tea yields is

provided in Appendix IX.
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Table 4. 8: Tea Production Trend Analysis from 1996 to 2019 in Kisii County

Kendall's

tau S Var(S) p-value Interpretation
January -0.261 -72.000 1625.333 0.078 Accept Ho No trend detected
February -0.355 -98.000 1625.333 0.016 Reject Ho Trend detected
March -0.290 -80.000 1625.333 0.050 Reject Ho Trend detected
April -0.232 -64.000 1625.333 0.118 Accept Ho No trend detected
May -0.181 -50.000 1625.333 0.224  Accept Ho No trend detected
June -0.399  -110.000 1625.333 0.007 Reject Ho Trend detected
July -0.290 -80.000 1625.333 0.050 Reject Ho Trend detected
August -0.283 -78.000 1625.333 0.056 Accept Ho No trend detected
September -0.072 -20.000 1625.333 0.637  Accept Ho No trend detected
October -0.239 -66.000 1625.333 0.107  Accept Ho No trend detected
November -0.181 -50.000 1625.333 0.224  Accept Ho No trend detected
December -0.326 -90.000 1625.333 0.027 Reject Ho Trend detected

Source: Field Data, (2020)

The following hypothesis was tested when determining tea production trends in Kisii.

Ho: There is no trend in the series

Hi: There is a trend in the series

When the computed p-value is lower than the significance level alpha=0.05, one should

reject the null hypothesis Ho, and accept the alternative hypothesis Hs.
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As evidenced from Table 4.8, a significant trend in tea production shown by p-value less than
0.05 was observed in February (0.016), March (0.050), June (0.007), July (0.050) and
December (0.027). The null hypothesis that there is no trend is rejected since there was a
significant trend. Nevertheless, there has been decreasing yield in tea over the years as this is

informed by the negative coefficient (Kendall's tau).

The significant trends were further illustrated using Sen’s slope as follows;

Table 4. 9: Sen’s Slope Analysis for Tea Production in February from 1996 to 2019

Lower Upper
Value bound bound
(95%) (95%)
Slope -29234.756 -56203.288 -3361.050

Source: Field Data, (2020)

Tea production for February has been decreasing at an average of 29,234.756 kilograms per
year from 1996 to 2019. The highest yield recorded in February was in 2005 where 1,861,106
kilograms of green tea were harvested while the lowest production was in 2006 where only

555,111 kilograms were recorded.
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Figure 4. 9: Graph Showing Sen’s Slope for Tea Production in February from 1996 to
2019

Source: Field data, (2020)

Table 4. 10: Sen’s Slope Analysis for Tea Production in March from 1996 to 2019

Value Lower bound (95%) Upper bound (95%)

Slope -25389.659 -50787.360 -844.077

Source: Field Data, (2020)

Similarly, in March, tea production showed a decreasing trend at a rate of 25,389.659
kilograms per year. The highest and lowest yields recorded were 2200712 kilograms and
553069 kilograms in 2004 and 1998 respectively. These results expose farmers to the reality
of tea fluctuations and will enable them to plan on how to adapt to these changes. The results
are in agreement with AFFA, (2014) which showed that there were tea fluctuations over the

years even though the land under acrearge was increasing.
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Figure 4. 10: Graph Showing Tea Production for March from 1996 to 2019
Source: Field data, (2020)

Table 4. 11: Sen’s Slope Analysis for Tea Production in June from 1996 to 2019

Lower bound Upper bound
Value
(95%) (95%)
Slope -32263.969 -47713.921 -7589.183

Source: Field Data, (2020)

In June, a decreasing trend was revealed where tea production declined by an average of
32,263.969 kilograms with each passing year. The lowest production was recorded in 2005

(887,020 kgs) and the highest production was in 2004 (2,004,515 Kkgs).
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Figure 4. 11: Graph Showing Tea Production for June from 1996 to 2019
Source: Field data, (2020)

Table 4. 12: Sen’s Slope Analysis for Tea Production in July from 1996 to 2019

Value Lower bound (95%) Upper bound (95%)

-20352.267 -41988.381
Slope -903.000

Source: Field Data, (2020)

A similar trend was detected in July where yields declined annually at an average of
20,352.267 kgs. The highest production for July was recorded in 2003 (1,691,681 kg) while

the following year (2004) recorded the lowest production at 55,554 kgs.
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Figure 4. 12: Graph Showing Tea Production for July from 1996 to 2019
Source: Field data, (2020)

Table 4. 13: Sen’s Slope Analysis for Tea Production in December from1995 to 2019
Value Lower bound (95%) Upper bound (95%)

Slope -17108.786 -32984.789 -3716.083

Source: Field Data, (2020)

Moreover, a decreasing trend in tea production was manifested in December where the yields
reduced by 17,108.786 kilograms on average. As also shown in July, subsequent years (2003

and 2004) recorded the highest as well as the lowest yields.
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Figure 4. 13: Graph Showing Tea Production for December from 1996 to 2019
Source: Field Data, (2020)

Analysis of tea yields showed a significant trend p-value less than 0.05 in February (0.016),
March (0.050), June (0.007), July (0.050) and December (0.027). Nevertheless, there has been
decreasing yield in tea over the years as this is informed by the negative coefficient (Kendall's
tau). The results are supported by Majumder, Bera & Rajan (2012), who noted that the trend
of world tea production has been fluctuating over time. Similarly, Thasfiha et al., (2020) and
Thushara, (2015) in Sri Lanka have shown that tea production is low and fluctuating from
time to time due to different factors such as age, management and climate variability. This
agrees with a study done by Dutta (2011); Gupta and Gey, (2010) who found that tea yields
have also been fluctuating in India. It has been noted that tea yields in North East India had

stagnated from 1999 to 2007.

This agrees with Liu and Shano, (2016) as quoted by Das and Zirmire, (2017), who found out
that Indian tea in terms of production, exports and imports indicated fluctuations in the

production which leads to cyclical fluctuation in prices, import and export. In contrast to the
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above, in China, there has been slower yield growth compared to the rate of area expansion
over the last decade (FAO, 2015). Furthermore, researches by AFFA (2014) and the Tea
Directorate (2019) in Kenya, have shown that tea yields have been fluctuating over time even

though the area under production is steadily increasing.

4.5 Effect of Temperature and Rainfall Variations on Tea Production

The second objective of the study sought to assess the effect of both temperature and rainfall
on tea production in Kisii County for the period between 1996 to 2019. Data was combined
in terms of seasons and average figures were computed for each season as follows:

Rainy season 1: November, December and January

Dry season 1: February and March

Rainy season 2: April, May, June and July

Dry season 2: August, September and October

To assess the effects, Pearson’s correlation analysis was carried out. The coefficient showed
the relationship between tea production, rainfall and temperature. Monthly means for

rainfall, temperature and rainfall were used.

4.5.1 Rainy Season 1

Table 4. 14: Correlation Analysis for Rainy Season 1 (November- January)

Variables Prod R1 Rainfall_R1 Temp_R1
Prod_R1 1 0.138 -0.343
Rainfall_R1 0.138 1 -0.318
Temp_R1 -0.343 -0.318 1

Source: Field Data, (2020)
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During the rainy season 1 (the period between November and January of the following year),
there was a positive though weak correlation (r=0.138) between rainfall and tea production.
This implies that an increase in rainfall would lead to a slight increase in tea production and
vice versa. The results are supported by the results of rainfall trend analysis in November and
December rainfall increased as shown by positive Kendall tau values 0.040 and 0.160

respectively.

With regard to temperature, an inverse relationship was depicted. The correlation between
temperature and tea production was moderate (r= -0.343). This relationship means that

increase in temperature would result in to decrease in tea production and vice versa.

4.5.2 Dry Season 1

Table 4. 15: Correlation Analysis for Dry Season 1 (February and March)

Variables Prod D1 Rainfall_D1 Temp_D1
Prod_D1 1 0.110 -0.178
Rainfall_D1 0.110 1 -0.480
Temp_D1 -0.178 -0.480 1

Values in bold are different from 0 with a significant level alpha=0.05
Source: Field Data, (2020)

This period was represented by February and March just after rainy season 1 and before the
onset of rainy season 2. During this period, there was a weak positive correlation between
rainfall and tea production (r=0.110). This implies that an increase in rainfall would
insignificantly lead to an increase in tea production and vice versa. These results are in

agreement with trend analysis done in table 4.6 where rainfall decreased in February (-0.277)
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and March (-0.110) as shown by the negative Kendall tau. This led to decline in tea yields in

February (-0.355) and March (-0.290) as revealed in table 4.8.

On the other hand, the temperature had a moderate negative relationship with tea production
(r="-0.178). This relationship means that increase in temperature would result in decrease in
tea production and vice versa though the change would not be significant. This is revealed in
table 4.3, where temperatures were increasing as shown by the p-values greater than 0.05
hence led to a decrease in tea production as depicted by negative Kendall tau values in table

4.8 for February (-0.355) and March (-0.290).

4.5.3 Rainy Season 2

Table 4. 16: Correlation Analysis for Rainy Season 2 (April to July)

Variables Prod_R2 Rainfall_R2 Temp_R2
Prod_R2 1 -0.079 0.054
Rainfall_R2 -0.079 1 -0.296
Temp_R2 0.054 -0.296 1

Source: Field Data, (2020)

During the rainy season 2 (period within April, May, June and July), there was a weak negative
correlation (r=-0.079) between rainfall and tea production. This period is characterized by
long rains and low temperatures. An increase in the amount of rainfall within this period

resulted in a decline in tea production and vice versa.

Conversely, there was a positive though weak correlation between temperature and tea
production r=.0.054 This implies that an increase in temperature led to an increase in

production though with low magnitudes.
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4.5.4 Dry Season 2

Table 4. 17: Correlation Analysis for Dry Season 2 (August to October)

Variables Prod_D2 Rainfall_D2 Temp_D2
Prod_D2 1 -0.272 0.051
Rainfall_D2 -0.272 1 -0.162
Temp_D2 0.051 -0.162 1

Source: Field Data, (2020)

Dry season 2 covered the period within August, September and October. This is the period
before the December rains and is usually characterized by high temperatures. Correlation
analysis between rainfall and tea production during this period revealed a negative moderate
relationship between the two variables (r=-0. 272). This implies that an increase in rainfall

moderately decreased tea yields though the change was not statistically significant.

On the other hand, there was a positive weak correlation between temperature and tea
production (r= 0.051), where increase in temperatures resulted in increased yields though

marginally.
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4.5.5 Overall Correlation Analysis between rainfall, temperature and tea yields

Table 4. 18: Overall Correlation Analysis between rainfall, temperature and tea yields

from 1995 to 2019

Average Average Average
Variables
Production Rainfall Temperature
Average Production 1 -0.232 -0.218
Average Rainfall -0.232 1 -0.458
Average Temperature -0.218 -0.458 1

Values in bold are different from 0 with a significance level alpha=0.05

Source: Field Data, (2020)

In general, there was an inverse relationship between both rainfall and temperature and tea
production in Kisii County for the period between 1996 to 2019. For instance, there was a
weak negative correlation between rainfall and tea yields (r=-0.232). This means that tea
production decreased with an increase in rainfall while tea production increased with a

decrease in rainfall.

Temperature, on the other hand, depicted a weak negative correlation with tea production (r
= -0.218). the correlation was however not statistically significant at 5% confidence interval.
The implication here is that tea production decreased with an increase in temperature while it
(production) increased with a decrease in temperature.

The study’s findings are supported by those of Boehm, et al. (2016) who did a study analysis
in China using provincial-level data of tea production to identify the effect of monsoon
dynamics and weather on tea production. The study found out that a retreat date of the

monsoon and an increase in monsoon precipitation was associated with a decrease in tea yield.
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The results also agreed with a study done by Duncan, et al. (2016) on observing climate
impacts on tea yields in India which revealed that there were decreasing returns in tea yields
with increasing monthly precipitation. This was consistent with research on the influence of
climate variability on the production of tea leaves in the different tea estates in Bangladesh
(Ali et al., 2014). The research demonstrates that tea yield is greatly determined by the
microclimatic parameters of a region especially rainfall, temperature, moisture and light
period. Strong rains, on the other hand, erode top soils and remove fertilizers and other

chemical substances hence lowering the tea yields.

Further, Han (2018) noted that tea production is lower during the long rains as compared to
short rains due to long rainy periods reducing sunshine and photosynthesis on tea leaves. In
contrast to the above, Ahmed et al., (2013) argues that increased water availability increases
tea plant growth and growth of new leaves of tea bushes. The results contrasted with those of
Patra et al. (2013) who noted there was a strong positive and significant correlations between
green leaf yield and total rainfall (r =0.78). The results also contrast with research done by
Hossain et al. (2015) on the effect of rainfall on tea yield and crop distribution. The findings
revealed that tea production in distinct areas of Sylhet district increased marginally due to
increased precipitation. Results also showed that maximum rainfall with maximum rainy days
is required for maximum output tea. In contrast to the above, Ahmed et al., (2013) argues that

increased water availability increases tea plant growth and growth of new leaves of tea bushes.

The above findings disagree with a study done in Assam in India which found out that drought
does not affect tea yields (Duncan et al., 2016), but other research suggests that it increases
the susceptibility of tea plants to pests and diseases (Biggs et al., 2018) such as tea mites and

wood rot respectfully.
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Results also showed that temperature, on the other hand, depicted a weak negative and
insignificant correlation with tea production (r = -0.218). The implication here is that tea
production decreased with an increase in temperature while it (production) increased with a
decrease in temperature. The results were in agreement with Kathasiri et al., (2018);
Wijeratne, et al., (2011) and Carr, (1972) who stated that temperature above or below the
optimal temperature of 22% may affect tea yields either positively or negatively. Extreme
temperatures such as frost and heat stress also affect the tea crop which will result in
fluctuation of yields. Furthermore, a study done in Sri Lanka by Nijamdeen et al. (2018),
revealed that tea production correlated negatively at higher levels in warmer months and lower
temperatures in colder months. Similarly, a study conducted in India on Assam tea revealed
that a monthly temperature greater than 26.6°C reduced tea yields. Further Duncan, Saikia,
Gupta and Biggs (2016) noted that one-degree warming at an average monthly temperature of
28°C resulted in a 3.8% reduction in tea yields. Furthermore, the results were in agreement
with research on the correlation between extreme temperature and tea production has been
conducted in Kisii in Kenya's Lake Basin Region by Leshamta (2014). The results showed

that seasonal and inter-annual air temperature fluctuations have a major effect on tea outputs.

The results on the relationship between temperature and tea production were consistent with
those of Wijeratne (2014) who carried a survey in Sri Lanka into the susceptibility of tea
production to worldwide climate change. They found that temperature rises and soil moisture
deficits have negative effects on tea growth and performance. Furthermore, according to
Okoth (2011) who assessed the potential effect of future climate change on tea production in
Kericho County, Kenya, the research was carried out using tea production data collected from
the Kapkatet Tea Factory on seasonal production cycles with two high periods and two low

periods. In most seasons, the study showed rising patterns in maximum and minimum
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temperatures. Study forecasts show that the rise in rainfall would increase production by 2070,
although an increase in maximum temperature has been found to produce a possible
production decrease. The study indicated that climate changes in Kericho County have

occurred and are likely to change in the future.

Similarly, these findings are supported by those of Cheserek et al. (2015) who determined the
links between the weather and tea productivity in Kenya. The authors used Timbilil tea farm,
Magura tea estate, and Kangaita farm to carry out the research. Data analysis found that land
has raised temperatures and that the distribution of precipitation has been unexpected which

affected tea production.

4.6 Perceptions of Tea Farmers on the Effect of Temperature and Rainfall VVariation on

Tea Production

The third objective of the study sought to assess the perceptions of tea farmers on the effect
of temperature and rainfall variation on tea production in Kisii County. To respond to this
objective, the tea farmers were required to give their level of agreement with a statement

regarding the effects of rainfall and temperature variability on tea production.

4.6.1 Results on effects of Rainfall VVariability on Tea Production

Tea farmers’ perceptions about rainfall variations were assessed by gauging their level of
agreement on various statements. These statements used a likert scale of 1-4 where 1was
strongly agree while 4 was strongly disagree. The results for the statements regarding the

effects of rainfall variability on tea production are presented in table 4.19
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Table 4. 19: Effect of Rainfall Variability on Tea Production

> 8 > g S
5 < 8 582 % ;3

Scanty rainfall reduces teayields N 269 65 14 4 1.30 0.598

% 76.4 185 4.0 1.1
Heavy rainfall causes erosion of N 116 216 1 19 1.78 0.708
top soil and washes away %  33.0 61.4 0.3 54
available fertilizer
Frostbites reduces tea yieldsand N 73 268 9 2 1.83 0477
production significantly % 20.7 76.1 2.6 0.6
Hailstones destroy the tea leaves N 102 218 14 18 1.85 0.717
and reduces tea yields drastically %  29.0 61.9 4.0 5.1
Heavy rainfall destroys tea N 47 113 188 4 242 0.732
clones % 134 321 534 1.1
Rainfall changes affects soil N 66 84 177 25 246  0.876
water availability to tea clones %  18.8 23.9 50.3 7.1
Rainfall changes affects farmer's N 55 109 134 54 2.53  0.933
decision on when to apply % 15.6 31.0 381 15.3
fertilizers
Rainfall variability leads to N 79 30 75 168 294  1.209
emergence of pest which were %  22.4 85 213 47.7

never experienced before

Source: Field Data, (2020)

135



Based on results presented in Table 4.19, most of the tea farmers 334, (94.9%) generally
agreed (reporting both agree and strongly agree) that scanty rainfall reduces tea yields.
Moreover, 94.4% (332) of the tea farmers were in agreement that heavy rainfall causes the
erosion of topsoil and washes away available nutrients thus affecting tea production. Further,
96.8% (341) of the tea farmers concurred that frostbites reduce tea yields and production
significantly with 90.9% (320) ascertaining that hailstone destroy the tea leaves and reduce

tea yields drastically.

Informed by the mean scores, the rainfall aspects that greatly affected tea production were
Scanty rainfall (M=1.30), effect of heavy rainfall on the erosion of topsoil (M=1.78), the

effects of frostbites (M=1.83) as well as the effects of hailstones (M=1.85).

On the effect of rainfall variability on tea, one of the field service coordinators (FSC) reported
as follows:
Tea yields have been fluctuating as a result of variations in rainfall. Indeed, during
the season of heavy rainfall, tea yields reduce as a result of lack of sunshine. Low

rainfall on the other hand is detrimental as the is no enough water to enhance shoot
growth. This reduces the cycle of tea picking among tea farmers (FSC,2020)

However, 94.9 % (334) also reported that scanty rainfall reduces tea yields. The results agreed
with Karki, Burton & Mackey, (2020); Hitayezu, Wale & Ortmann (2017) who found out that
farmers worldwide have been experiencing climate changes mainly in regard to rising
temperature, unreliable and reduced rainfall which have led to reduction of the agricultural

produce.

Another field service coordinator reported the following:

Hailstones experienced in the tea-growing areas have become a serious menace
to the farmers over decades. Once this occurs, the tea plant is affected and this
reduces yields drastically as it takes a longer period for the plant to regain. Indeed,
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we lack a solution for this. Further, as noted from farms where tea is grown on
low lands waterlogging has also affected tea production leading to stunted growth
hence reduced yields (FSC, 2020)

In agreement to the above results, research conducted by Somboonsuke et al., (2018) in
Songkhla Lake Basin in Thailand on farmers’ perception on the effect of climate variability
on crop production revealed that change in temperature and rainfall had led to reduction of
crop production and these affected farmers involved in fruit production, and fisheries
adversely. This was in agreement with an investigation made by Harvey et al. (2018) on
farmer’s perceptions to climate change and variability in Central America which revealed that
smallholder farmers perceived that climate has been changing with most of them reporting the

rise in temperatures, low annual rainfall and seasonality of the rain season.

Moreover, heavy rainfall causes erosion of topsoil and washes away available fertilizer thus
affecting tea production (94.4%.) Further, results showed that frostbites reduce tea yields
(96.8%) and production significantly with 90.9% ascertaining that hailstone destroy the tea
leaves and reduce tea yields drastically. The results support those of Otiso (2016) who carried
a study in Kisii Sub County, on the perception on the effect of rainfall variability on crop
production and household security, the results showed that farmers perceived that it led to

reduced yields, reduced water availability and increased crop and animal diseases.

4.6.2 Indications of Rainfall Variations

Rainfall variations were indicated by various factors. These were the aspects that the tea
farmers experienced to ascertain that indeed variations in rainfall had affected tea production.
Further, the tea farmers were asked to give their level of agreement with statements regarding

the various indications of rainfall variations. The findings were as shown in table 4.20.
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Table 4. 20: Indications of Rainfall VVariation

> 8 > g S
5 ¥< 3 5422 ° g
Change of planting date to onset N 268 56 26 2 132 0.634
of Rainfall % 76.1 159 74 0.6
Change of planting and N 230 88 32 2 1.45 0.682
harvesting % 653 250 91 0.6
Unpredictable rainfall amounts N 93 249 10 0 1.76  0.488
% 264 707 2.8 0.0
Crop failure due to drought N 38 300 14 0.0 1.93 0.379
% 108 85.2 4.0
Short rainy season N 57 258 37 0 1.94 0514
% 16.2 73.3 10.5 0
Rainfall delays N 112 50 182 8 2.24  0.932
% 18.8 239 50.3 7.1
Early onset of rainy season N 64 89 197 2 2.39 0.784
% 18.2 253 56.0 0.6
Early exit of rainy season N 54 91 42 165 290 1.156
% 153 259 119 46.9

Source: Field Data, (2020)
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As evidenced in the table 4.20, the majority of the tea farmers 342, (97.1%) were in agreement
that rainfall variation was indicated by the unpredictable rainfall amounts and 324 (92%) that
the change of planting date to onset of rainfall. This was followed by change of planting and
harvesting seasons as reported by (318) 90.3% of the tea farmers, crop failure due to drought
338 (96%), short rainy seasons 315 (89.5%), rainfall delays 162 (46%), early onset of the

rainy season 153 (43.5%) and early exit of the rainy season 145 (41.2%).

From table 4.20, results and based on the mean scores, were as follows, change of planting
date to onset of rainfall (1.32), change of planting and harvesting seasons (1.45), and
unpredictable rainfall amounts (1.76) were the main indicators of rainfall variations in Kisii

County.

The above results are in agreement with Amadou et al., (2015) who found that about 99% and
98% of interviewed farmers reported that there is a long-term change in the start and end of
the rainy season respectively. In terms of the date of the onset of the rainy season, 97% of
respondents reported that the late dates of onset have been shifting from April to June during
the last 20 years while only 2% of them reported that the dates of the onset are early. Further,
96% of the farmers reported that the dates of the end of the rainy season are early and have
shifted from November to October over the last 20 years. The findings are also in agreement
with Maddison, (2006) and Thornton et al., (2006) who found out that temperatures are
continuously increasing while rain has become more variable and duration shortened. Further,
Mugalavai et al., (2008) noted that there was high variability in the onset and cessation of the
rainy season. But the results contrast with climatological data which showed that the rainy

seasons in Ghana end late (Amadou et al., 2015).

139



During the interview one of the field service coordinators reported the following:
Indeed, there have been variations in the amount of rainfall and temperature
received in the tea-growing areas over the past decades. The onset and intensity

of rains have been varying over time. Also, the night temperature has increased
as evidenced by the great heat experienced during the night (FSC, 2020).

The above statement supports Resilience Policy Team-Irish Aid (2015), who found that the
number of hot days and nights had increased independent of the season. Between 1960 and

2003 the average annual hot days and nights had grown from 30 to 41 in Sri Lanka.

4.6.3 Effect of Temperature Variability on Tea Production

Similarly, the study also sought to determine the effect of temperature variability on tea

production and the results shown in table 4.21 were responses from the tea farmers.

Table 4. 21: Effect of Temperature Variability on Tea Production

> e, 83 =238 _ S
g o 2 > g 5 g 5 B
°c 22 3 S 8 s h S
n =) n o A
High temperatures cause high N 259 93 0 0 1.26 0.442
transpiration rates leads to % 736 264 0.0 0.0
reduced yields
High temperatures cause high N 115 230 7 0 1.69 0.503
evaporation from the soil % 327 653 20 0.0
leading to stunted growth,
hence reduced yields
High temperatures lead to N 30 286 4 32 211 0.671
wilting and drying of tea % 85 813 11 91
N 32 99 220 1 2.54 0.661
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Cold conditions damages tea % 9.1 28.1 625 0.3
leaves and roots leading to low

productivity
Hot conditions may add heat N 94 44 35 179 2.85 1.298
stress, increase pest infestation % 267 125 99 50.9

and disease prevalence thus
reducing both quality and
quantity of tea leaves

Source: Field Data, (2020)

In table 4.21, there was a unanimous agreement that high temperatures cause high
transpiration rates leading to reduced yields. It was also evident that high temperatures were
responsible for the high evaporation from the soil thus leading to stunted growth, hence
reduced vyields as was reported by 98% (345) of the tea farmers. Besides, other effects of
temperature on tea production were the notion that high temperatures lead to wilting and
drying of tea wasreported by 89.8% (316), the assertion that cold conditions damage tea leaves
and roots leading to low productivity 27.2% (96) and the allegation that hot conditions may
add heat stress, increase pest infestation and disease prevalence thus reducing both quality and

quantity of tea leaves was the least effect temperature.

One of the field service coordinators reported the following during the field interviews:

Temperature variations have affected tea production negatively. The increase of
temperature has led to high evapotranspiration leading to low vyields. Low
temperatures, on the other hand, affects tea leaves leading to reduced yields
mostly in June and July (FSC, 2020).

The above results support those of Adhikari et al, (2015); Barros et al, (2014) and Vrieling et
al., (2013), who found out that water stress caused by the increase in temperatures in Africa,
increases crop weeds, pests and diseases. In India, it has been noted that temperature

variability is the most serious factor affecting tea yields in South India (Raj, et al, 2019). A
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study done in the Assam region in India in 2016, revealed that drought increases the

susceptibility of tea plant pests (Biggs et al., 2018; Reay 2019).

4.6.4 Indications of Temperature Variations

The tea farmers were asked to give their level of agreement with statements regarding the
various indications of temperature variations. The results were as presented in Table 4.22.

Table 4. 22: Indications of Temperature Variation

> 8 > g S
238 ¢& 5 25§ 5 B
Ss55 § § § 5 <
< 5§ B 5= g
Switch to drought resistant N 241 79 30 2 1.41 0.669
crops % 736 264 00 00
Disappearance/ reduction of N 93 253 6 0 1.75 0.470
water sources/ points due to % 264 719 17 00
high evaporation
Longest months with highday N 57 116 179 0 2.35 0.743
time temperatures % 162 330 509 O
Frost that affects crop leaves N 36 130 184 2 2.43 0.680
% 102 369 523 06
Frequent occurrence of heat N 55 73 53 171 297 1.149

induced crop pest and diseases % 156 207 151 486

Frequent occurrence of heat

. . . N 34 83 69 166 3.04 1.046
induced animal diseases

% 9.7 236 196 472

Source: Field Data, (2020)
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On the count of indications of temperature variations, results showed the majority of the farmers
(90.9%) agreed that farmers have shifted to drought resistance crops in order to mitigate the
problem of drought. Another major sign of temperature variability was the disappearance and/or
reduction of water sources/ points due to high evaporation as reported by 98.3% of the respondents.
Other indicators of variations in temperature were experiencing the longest months with high
daytime temperatures, presence of frost that affects crop leaves, frequent occurrence of heat-
induced crop pests and diseases as well as frequent occurrence of heat-induced animal diseases as

shown in Table 4.22.

These findings support a study done in Sri Lanka which revealed that tea production correlated
negatively at higher levels in warmer months and lower temperature in colder months (Nijamdeen
et al., 2018), which was due to agricultural droughts and high rate of transpiration. It was also
found out that high temperatures increase evaporation losses of soil moisture and accelerate the
burning of organic matter from soils. This agrees with FAO, (2016b), which has also noted that

higher daytime temperatures during the reproductive stage led to the decline of crop yields.

One of the field service coordinators reported the following during the field interviews on pests
and diseases:
Pests such as aphids, mites and diseases such as armillaria root rot and stem
canker are common. Mites appear during the seasons when there is high
temperature, dry conditions and absence of shade. Root rot disease usually occurs
during the wet season where the soils are poorly drained which leads to the death
of the tea plants (FSC, 2020).
The above response agrees with Sawe et al., (2018) who found out that an increase in crop

pests and diseases is mostly associated with increase in temperatures. It further supports

Adhikari et al, (2015); Barros et al, (2014) and Vrieling et al., (2013), who found out that
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water stress is caused by increase in temperatures in Africa, the increases crop weeds, pests

and diseases in India, (Raj, et al, 2019).
4.7 Adaptive and Coping Strategies to Curb the Effects of Climate Variability

The study also sought to examine the adaptive and coping actions to curb the effects of
climate variability and the results are as shown in the figure below;

4.7.1 Fertilizer Application

Farmers were asked whether they use fertilizers as one of the ways of adapting to climate
variability. All the tea farmers ascertained that they indeed used fertilizers in their tea farms

and the figure 4.14 shows the frequency of application in a year.

Frequency of fertilizer application on tea farms

80.0
70.0
60.0
50.0
40.0
30.0 16.8
10.0

0.0

75.3

Percentage

Once a year Twice a year More than twice
Frequency
Figure 4. 14: Frequency of Fertilizer Application on Tea Farms
Source: Field Data, (2020)
One of the strategies employed to counter effects of climate variability was the application
of fertilizers. The results showed that the majority of the tea farmers 265 (75.3%) applied
fertilizer twice a year, 59 (16.8%) applied fertilizer more than two times a year while only

28 (8%) of the tea farmers reported applying fertilizer on their tea plantations once per year.
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Type of fertilizer used

Artificial

[

Both

61% Organic

12%

Figure 4. 15: Type of Fertilizer Used
Source: Field Data, (2020)

Findings revealed that 215 (six out of ten) tea farmers indicated that they applied both organic
and inorganic fertilizers. Nevertheless, 95 (27%) reported the use of artificial (inorganic)

fertilizers whilst (42) 12% used organic fertilizers only.

Months for fertilizer application

March T 52.3%
April T 41.5%
July T 30.7%
Sept NN 17.9%
August T 14.5%
October NN 10.5%
June T 9.1%
May Y 6.3%
reb ¥ 0.6%
jan 9 0.6%

Months

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0%

Percentage

Figure 4. 16: Months for Fertilizers Application
Source: Field Data, (2020)
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The tea farmers were asked the months which the applied fertilizers to ascertain whether they
were applied at the right time. Results showed March was the month that most farmers applied
fertilizers in their farms as reported by 52.3% (184). This was followed by April 41.5% (146),

while July came third. February and January were the least months with 0.6% each.

Table 4. 23: Effect of Fertilizer on Tea Production

Frequency Percent
Increase 343 97.4
No difference 9 2.6
Total 352 100.0

Source: Field Data, (2020)

Further, tea farmers were asked whether the application of fertilizers had any effect on tea
yields. The results showed that after the application on the tea farms, the yields increased as
reported by 97.4% (343) of the tea farmers whereas 2.6% (9) did not realize any difference.
As evidenced from figure 4.16 41.5% (146) applied ferilizers in the month of April which
experiences high rainfall and therefore much of the ferilizers may be washed through erosion.
This result agrees with Pathak and Ladha (2007) who argued that fertilizer applicationis one

of the ways of conserving soils but, timing is key in realizing the required results.

4.7.2 Weed, Pest and Disease Control

Further, the tea farmers were asked about the frequency of weed, pest and disease control in
their tea farms. This is because climate change and variability, is associated with the
emergence of pests and diseases that affect tea growth and subsequent years. The results are

shown in table 4.24
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Table 4. 24: Frequency of Weed, Pest and Disease Control

Frequency Percent
Regularly 7 2.0
When they appear 298 84.7
Twice a year 39 111
Not sure 8 2.3
Total 352 100.0

Source: Field Data, (2020)

From the study, the results showed that tea farmers controlled weed, pest and diseases when
they appear which was represented with 84.7% (298), followed by twice a year with 11.1%
(39), while regularly was represented by 2.0% (7). Figure 4.17 shows the varous stragegies

used by the tea farmers to adapt to climate variability in Kisii County

Practices used to adapt to climate variability

Soil conservation method such as mulching
Use of pesticides and herbicides to control pests and...
Maintaining soil fertility by using both artificial and...
Planting of trees to act as wind breakers
Digging furrows to retain surface run off water
Use of drought resistant crops
Harvesting rain water to be used during the dry season

Insuring your tea crop

Planting many crops on the same piece of land

0% 20% 40% 60% 80% 100%

Figure 4. 17: Practices Used to Adapt to Climate Variability
Source: Field Data, (2020)

147



The study also was designed to determine the practices to adapt to climate variability and the
results from the figure above showed that soil conservation method such as mulching was the
most adaptive practice with 99.4% (350), followed by the use of pesticides and herbicides to
control pests and weeds with 98.3% (346), planting of trees to act as windbreakers came fourth
with 95.7% (337). Insuring the tea crop for compensation if the crop fails as a result of climate
variability and change was reported by193 (54.8%) tea farmers. These findings agree with
theaction theory of climate adaptation where farmers where farmers adjust and maximize the

benefits accrued from climate variability.

On mitigative measures put in place to climate variability, one field service coordinator
reported the following:
We have advised farmers to do agroforestry on their tea farms by planting
indigenous trees. This will reduce the rate of evapotranspiration from the tea
farms. Also, we have produced tea cultivars like TN14 that are more resistant to
climate change. Further, the farmers have been advised to diversify their farming
activities (FSC, 2020).
The above findings are supported by findings of Muench et al, (2020) who found out that in
Nepal tea farmers use crop diversification, agroforestry, planting resistant tea plant variaties
and soil conservation methods to adapt to climate change.This is also in agreement with a
study conducted by Simelton et al. (2013); Asante & Amuakwa-Mensah, (2014);
Mohammed, Kwaghe, Abdulsalam, Aliyu., & Dahiru, (2014) in Ghana who found that
farmers used on-farm practices such as creating or improving the drainage system, early
planting and waterway, irrigation or dry season farming, planting more trees and cover crops,
planting drought-resistant and early yielding crops, early planting, improved farm

management practice, diversification into livestock rearing and mulching to adjust to

variations in climate.
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The results also concur with those done in China, where soil and water conservation measures
have been put in place to increase the water holding capacity of the soil and reduce the impact
of droughts so as to maintain tea productivity. Furthermore, research by Han et al. (2016)
shows that organic tea production can strengthen soil carbon segregation through increasing
soil organic matter (carbon) levels. Further, the results are consistent with those of Bryan et
al. (2011) who stated that adaptations to adverse climatic changes are numerous in Kenya and
include farm management applications such as mixed cropping, crop rotations, water
harvesting and irigation, minimum tillage and increasing the fertility of the soil through the

use of organic and artificial fertilizers.

The results also concur with those done by Simotwo et al., (2018) in Trans- Mara East Sub-
County on climate adaptive capacity and smallholder farming which found out that farmers
diversified crop varieties and used improved drought tolerant varieties. Similarly, Pathak et
al. (2012) have identified several adaptation strategies available for crop farming in response
to climate variability and changing conditions. Climate variability is dealt with by a wide
range of adaptive responses. These include technical alternatives (for example, more drought-
tolerant crops), behavioral responses (for example, improvements in dietary choices),
management changes (for example, various animal feeding practices) and policy options

(including the planning and infrastructures growth regulations).
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CHAPTER FIVE

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS
5.1 Introduction
This chapter presents the summary of the findings, conclusions, recommendations and

suggestions for further research.

5.2 Summary of the findings

The purpose of the study was to examine climate variability and its effects on small-scale tea
production in Kisii County. The study also assessed the trends of temperature and rainfall
variations and tea yields from 1995 to 2019 in Kisii County, evaluated the effect of
temperature and rainfall variations on tea production from 1995 to 2019 in Kisii County and
relate it to tea yields, assessed the perceptions of tea farmers on the effect of temperature and
rainfall variation on tea production and evaluated the adaptive and coping strategies put in
place by tea farmers to curb the effects of climate variability in Kisii County. The study was
triggered by the fact that tea production in Kenya is dependent on the stability of weather and
therefore is being affected by variations and changes of climate which have become a global
threat with no spatial boundary. This has affected crop production from region to region in
different ways. Since studies have indicated that Kenya has been experiencing increasing
temperatures and decreasing trends in annual rainfall with high variability within seasons in
many parts of the country, there was the need to research so as to suggest possible solutions

to the rising challenges in tea production.

The research used a correlational research design to explore the relationship between variables
and measured the extent to which two variables were related. Both qualitative and quantitative

approaches were used to obtain and analyze data. Simple random sampling procedure was
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used to select farmers while purposive sampling used to select tea factories and the
meteorological department. In addition, three field service coordinators, one from each
selected factory were key informants. The head of the Kenya Meteorological Department
provided climatic data on monthly rainfall and temperature measurements over the stipulated

period, 1995-20109.

Findings revealed that there were no temperature trends detected for most months with an
exception of January and July. The results also showed that temperature has been increasing
over time) except for November and December where they have been decreasing. Results on
the trends of rainfall showed it was only the month of January that had a positive significant
trend. Generally, rainfall was seen to be decreasing during January, February, March, May,
June and July while there was an increase in rainfall in April, August, September, October,
November and December over time. Results also showed that tea yields trend showed a
significant trend in tea production which was observed in February, March, June, July and
December. Nevertheless, there has been decreasing yield in tea over the years. In other results,
the study revealed that there was an inverse relationship between both rainfall and temperature
and tea production in Kisii county for the period between 1996 to 2019. The perception of the
farmers concerning the effects of temperature showed that that scanty rainfall reduces tea
yields. Moreover, heavy rainfall causes erosion of topsoil and washes away available fertilizer
thus affecting tea production. Further, the tea farmers concurred that frostbites reduce tea
yields and production significantly with the majority ascertaining that hailstone destroy the
tea leaves and reduce tea yields drastically. Furthermore, results showed that soil conservation
method such as mulching was the most adaptive practice, followed by use of pesticides and

herbicides to control pests and weeds with, planting of trees to act as windbreakers.
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5.3 Conclusions of the study

Findings from this study were informed by the following conclusions.

The study to examined climate variability and its effects on small-scale tea production in Kisii
County. The first objective sought to assess the trends of temperature and rainfall variations
and tea yields from 1995 to 2019 in Kisii County. The results of the study concluded that there
were no temperature trends detected for most months with an exception of January and July.
Findings showed that temperature has been increasing over time except for November and
December where they have been decreasing. The study further concluded that for the trends
of rainfall, it was only the month of January that had a positive significant trend. In general,
rainfall was seen to be decreasing during the months of January, February, March, May, June
and July while there was an increase in rainfall for April, August, September, October,
November and December over time. Furthermore, concerning trends of yields of tea, the study
concluded that tea yields trend had a significant trend in tea production which was observed
in February, March, June, July and December. Nevertheless, in general terms, there has been

decreasing yield in tea over the years.

The second objective was designed to find the effect of temperature and rainfall variations on
tea production from 1995 to 2018 in Kisii County and relate it to tea yields. Effects are the
positive or negative outputs gotten from the variable that is affecting another variable. From
the results, the study concluded that there was an inverse relationship between both rainfall
and temperature and tea production in Kisii county for the period between 1995 to 2019, that’s
whenever rainfall or temperature increased above the optimal requirement, the tea yields

decreased.
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The third objective was designed to assess the perceptions of tea farmers on the effect of
temperature and rainfall variation on tea production in Kisii County. Perceptions are how
people believe that something has enacted or caused a change in another thing. Perception of
tea farmers on the effect of temperature and rainfall is the farmers’ feelings on whether rainfall
and temperature have contributed either negatively or positively to the changes in tea yields.
From the results, the study concluded that the perception of the farmers concerning the effects
of rainfall that; scanty rainfall reduces tea yields, heavy rainfall causes erosion of topsoil and
washes away available fertilizer thus affecting tea production, and frostbites reduce tea yields
and production significantly since hailstones destroy the tea leaves and reduce tea yields
drastically. On the other hand, increase in temperatures reduced yields due to high
transpiration rates low temperaturedamaged the leaves and roots hence low yields.

The fourth objective sought to evaluate the adaptive and coping strategies put in place by tea
farmers to curb the effects of climate variability in Kisii County. Adaptive and coping
strategies are ways and means in which farmer engage themselves so that they maintain crop
yields. The current study concluded that soil and water conservation methods most adaptive

practices that were used by many tea farmers.

5.4 Recommendations

To address climate variability and its effects on small-scale tea production in the whole of Kisii
County, the study recommends the following based on objectives: The study recommends the
the Government, KTDA and tea farmers to be observant with the changing monthly trends in
rainfall and temperature, this will help in determining when the yields are at peak and thus
provide balance in tea production.

i) The results showed that rainfall, temperature, and tea yields have inverse associations, hence

the study recommends farmers to keep records on monthly tea yields. This will help them to
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know the best method to use in adapting to climate change and variability and the best time

to apply fertilizers so as to increase production without loss of inputs.

i) The study showed the effect precipitation such as regular drought and floods, on tea
production in Kisii County. In order to avoid water loss from the soil, the study suggests that
tea growers follow adaption strategies such as water and soil conservation. During the rainy
season farmers can harvest rain water to irrigate the farms in the dry season.

iii) Because of the uncertainty associated with more recurring extreme conditions (drought,
hailstorms and frost) than in the past, the study suggests that farmers take note of climatic
extreme risk with regard to insurance covers.

iv) In the analysis, severe heat conditions, frost and hailstoms affect both the quality and quantity
of tea leaves harvested. The study thus indicates that farmers should use integrative methods
to curb the effects of climate variability. The study found that extreme cold conditions
decrease the effectiveness of staff responsible for picking tea leaves. Small-scale farmers to
use protective clothing, gloves, overalls and caps to keep warm.

5.5 Suggestions for Further Research

The study focused on climate variability and its effects on small-scale tea production in the
whole of Kisii County in Kenya. Researches can be conducted on the same topic in other tea-
producing counties in Kenya, for example, Nyeri, Kirinyaga, and Bomet to make
comparisons. The study was conducted during the COVID -19 pandemic period where there
were restrictions of public gatherings and limited meeting many people. Therefore,
researchers can increase the sample size and conduct the same study in the same study area to
compare the perception of farmers on climate variability effects on tea yields. Further,

research can be conducted on other factors affecting tea production other than climate.

154



REFERENCES

Abera, K. (2011). The Impact of Climate Variability on Crop Production in Ethiopia: Which Crop
is more Vulnerable to Rainfall Variability? Ethiopia: Ethiopian Economic Policy Research
Institute

Abu, O., Okpe, A. & Abha, D. A. (2018). Effects of climate and other selected variables on rice
output response in Nigeria. Journal of Agriculture and economics 8(1):1-10

Adams, R. M., Hurd, B. H., Lenhart, S. &Leary, N. (1998). Effects of global climate

on agriculture. An interpretative review. Clim. Res. 11:19-30

Adaptation for Smallholders to Climate Change — AdapCC (2010). How can small-scale coffee
and tea producers adapt to climate change: Results & Lessons Learnt? Deutsche
Gesellschaft fur. Eschborn, Germany.

Adesina, A.A. & Baidu-Forson, J. (1995). Farmers* perceptions and adoption of new agricultural
technology evidence from analysis in Burkina Faso and Guinea, West Africa. Agricultural
Economics 13:1-9.

Adger, W.N. (1999). Social Vulnerability to Climate Change and Extremes in Coastal Vietnam.

World Development, 27, (2), 249-269. https://doi:10.1016/S0305-750X (98)00136-3.

Adbhikari, U., Nejadhashemi, A. P. & Herman, M. R. (2015). Climate change and Eastern

Africa: a review of impacts on major cash crops. Food and energy security vol. 4(2)
AFFA, (2014). AFFA Year Book 2014, Tea House: Nairobi
Agboola, T., & Ojeleye, D. (2007), Climate change and food crop production in Ibadan, Nigeria.

African Crop Science Conference Proceedings, 8(1): 1423-1433.

155



Agriculture, Foresrty and Fisheries (2016). Black Tea. Production guidelines. Republic of South
Africa

Ahmed, S., Griffin, T. S., Kraner, D., Schaffner, M. K., Sharma, D., Hazel, M., et al. (2019).

Environmental factors variably impact tea secondary metabolites in the context of climate
change. Front. Plant Sci. 10:939. https://doi.org/10.3389/1pls.2019.00939

Ahmed, S., Orians, C. M., Griffin, T. S., Buckley, S., Unachukwu, U., Stratton, A. E., Stepp, J.

R., Robbat, A., Jr, Cash, S., & Kennelly, E. J. (2014). Effects of water availability and pest
pressures on tea (Camellia sinensis) growth and functional quality. AoB PLANTS, 6(0),

plt054. https://doi.org/10.1093/aocbpla/plt054

Akpalu, W., Hassan, R. &Ringter, (2008). Climate variability and maize yield in South Africa.
International Food policy Institute

Alexander LV (2016) Global observed long-term changes in temperature and precipitation
extremes: a review of progress and limitations in IPCC assessments and beyond.
Weather Clim. Extremes 11:4-16. https://doi.org/10.1016/j.wace.2015.10.007

Ali, M., Islam, M., Saha, N. & Kanan, A.H. (2014). Effects of Microclimatic Parameters on Tea
Leaf Production in Different Tea Estates in Bangladesh. World Journal of
Agricultural Sciences, 10(3):134-140.

Alila, P. O., & Atieno, R. (2006). Agricultural policy in Kenya: issues and processes. In Future
Agricultures, A paper for the Future Agricultures Consortium workshop, Institute of
Development Studies (20-22). Brighton: Institute of Development Studies.

Altieri, M. and Koohafkan, P. (2008). Enduring Farms: Climate Change, Smallholders
and Traditional Farming Communities. Penang, Malaysia.

Ambasa, C. (2015). Kenya's tea sector under climate change: An impact assessment and

formulation of a climate-smart strategy. Rome: FAO

156


https://doi.org/10.3389/fpls.2019.00939
https://doi.org/10.1016/j.wace.2015.10.007

Amadou, M. L., Villamor, G. B., E. M Attua, EIM. & S. B. Traoré, S. B. (2015). Comparing
farmers’ perception of climate change and variability with historical climate data in

the Upper East Region of Ghana. Ghana Journal of Geography Vol. 7(1), 47 — 74

Anju, A. (2011). Effect of Global Warming on Climate Change, Flora and Fauna. Journal of

Ecophysiology and Occupational Health (11): 161-174.
Anyah, R.O. & Qiu, W. (2012). Characteristic 20th and 21st century precipitation and

temperature patterns and changes over the Greater Horn of Africa. International
Journal of Climatology, 32(3): 347-363.
ASDP (2014). Kisii County. Ministry of Agriculture and fisheries. Government of Kenya
Asante. F. A. & Amuakwa-Mensah, F. (2015). Climate change and variability in Ghana:
Stocktaking. Climate 3: 78-99.
Asfaw, A. & Admassie, A. (2004). The role of education on the adoption of chemical fertilizer
under different socio-economic environments in Ethiopia. Agricultural Economics 30
(3): 215-228.
Asfaw, S., McCarthy, N., Lipper, L., Arslan, A., & Cattaneo, A. (2014). Climate variability,
adaptation strategies and food security in Malawi. ESA working paper: 14-08. Rome:
FAO, Agricultural Development Economics Div.
Assan, E., Suvedi, M., Schmitt, O. L., & Allen, A. (2018). Coping with and adapting to
climate change: A gender perspective from smallholder farming in Ghana. Environments,
5(8): 86. https://d0i.10.3390/environments5080086
Aswani, S., Lemahieu, A., & Sauer, W. H. (2018). Global trends of local ecological
Knowledge and future implications. PloS One, 13(4), e0195440.

https://doi:10.1371/journalphone.0195440

157



Attavanich, W., Rashford, B. S., Adams, R. M. & McCarl, B. A. (2014). Land use,

climate change and ecosystem services. In Oxford handbook of land economics [J. M. Duke
& J. Wu (Eds). Oxford University Press, New York.
Attri, S. D. & Tyagi A. (2010). Climate profile of India. Environmental Meteorology, India
Ayugi, B. O. & Tan, G. (2018). Recent trends of surface air temperatures over Kenya from 1971
to 2010. Meteorology and Atmospheric Physics
Ayugi, B. O, Wang W, Chepkemoi, D. (2016). Analysis of spatial and temporal patterns
of rainfall variations over Kenya. J Environ Earth Sci 6:69-83

Badege, B., Neufeldt, H., Mowo, J., Abdelkadir, A., Muriuki, J., Dale, G., Asetta, T., Guillozet,
K., Kassa, H., Dawson, K., Luedeling, E. and Mbow, C. (2013). Farmers Strategies

for Adapting to and Mitigating to Climate Variability and Change through

Agroforestry in Ethiopia and Kenya. Oregon University, Corvallis Oregon.

Badi, S.H. (2010). Adaptation strategy to prevailing climate change: The use of traditional

methods by farming communities in Plateau State. Proceedings of the 24th Annual
National Conference of Farm Management Association of Nigeria. 11th-14th October.

2010.
Bariagi, V. & Munot, V. (2019). Research methodology; A practical and scientific Approach.

CRC Press, Taylor & Francis group, New York
Barkhordarian, A., Bhend, J. & von Storch, H. (2012a). Consistency of observed near

surface temperature trends with climate change projections over the Mediterranean region.
Climate Dynamics, 38(9-10), 1695-1702.

Barkhordarian, A., von Storch, H. & Zorita, E. (2012b). Anthropogenic forcing is a

plausible explanation for the observed surface specific humidity trends over the

Mediterranean area. Geophysical Research Letters, 39(19), L19706
158



Barrios, S., Outerra, B. and Stroble E. (2008). The Impact of Climate Change on
Agricultural Production: Is Africa Different? Food Policy, 33(4) 287-298.

Barros, A. N., Hoogenboom, G.& Nesmith, D. S. (2005). Drought stress and distribution
of vegetative and reproductive traits of a bean cultivar. Sci. Agric. 62, 18-22
https://doi:10.1029/2012GL053026

Basak, J. K., Ali, A. M., Islam, N. & Alam, B. J. (2009). Assessment of the effect of climate change
on boro rice production in Bangladesh using DSSAT model. Dhaka, Bangladesh

Bast, J. L. (2010). Theories of climate change. The Heartland Institute: Chicago, Illinos

Baudron, F., Moti J., Oriama O. & Asheber T. (2013). Conservation agriculture in African mixed
crop-livestock systems: Expanding the niche. Agriculture, Ecosystems &
Environment, 187(4): 171-182.

Begagnan, A. R., Ouedraogo I. & Fonta, W. M. (2019). Perceived climate variability and farm
level adaptation in Central Region of Gambia. Atmosphere 10 423

Bergamaschi, H., Dalmago, G.A., Bergonci, C. A. M., Muller, A.G., Comrian, F., et al.
(2004). Water supply in the critical period of maze and the grain production.
Pesq Agrop Brasileria 39(9)

Belloumi, M. (2014). Investigating the Impact of Climate Change on Agricultural Production in
Eastern and Southern African Countries. AGRODEP Working Paper 0003

Benhin, J. K.A. (2008). South African crop farming and climate change. An economics assessment
of impacts. Global Environmental change 18(4), 666-678

Bett, G. K (2018). An assessment of the effects of climate variability on tea production in Kericho
County: Acase study of James Finlay’s (Kenya) limited Tea Estates, Kericho, Kenya.

Nairobi University.

159



Bezabih, M., De Falcao, S., and Yesuf, M. (2011). Farmers* Response to Rainfall Variability and
Crop Portfolio Choice: Evidence from Ethiopia. Environment for Development. Dec.

2011, EfD DP 11-10.

Bhagat, R. M., Deb Baruah, R., & Safique, S. (2010). Climate and tea (Camellia sinensis)
Production with Special Reference to North Eastern India: A Review. Journal of

Environmental Research and Development. Vol. 4 (4), 1017-1028

Bhandari, G. (2013). Effect of precipitation and temperature variation on the yield of major cereals
in Dadeldhura district of far western development region, Nepal. International
Journal of Plant, Animal and Environmental Sciences (IJPAES), 3(01), 247-256.

Bigirimana, P. (2010/2011). The 2010-2011 Integrated Rainfall Variability Impacts, Needs
Assessment and Drought Risk Management Strategy, Department of Disaster

Management Office of the Prime Minister

Biggs, E. M., Gupta, N., Saikia, S. D. & Duncan, J. M. A. (2018). The Tea Landscape of Assam:
Multi-stakeholder Insights into Sustainable Livelihood under Changing Climate,
Environ. Sci. policy 82:9-18

Blanc, E. (2011). The impact of climate change on crop production in Sub-Saharan Africa
(Doctoral dissertation). University of Otago, Dunedin.

Boehm, R.; Cash, S.B., Anderson, B.T., Ahmed, S., Griffin, T. S., Robbat, A., Stepp, J.R., Han,
W.Y., Hazel, M.; Orians, C. M. (2016). Association between empirically estimated
monsoon dynamics and other weather factors and historical tea yields in China:

Results from a yield response model. Climate (4): 20.

160



Bore, J. K. (2015). Tea Adaptation and Mitigation to Climate Change in Kenya (No. Presentation).
Tea Research Institute, Kericho, Kenya: Kenya Livestock and Research Organization
(KALRO). Retrieved from www.landscapesinitiative.com/site/getfile.

Bore, J. K. & Nyabundi, K. W. (2016). Impact of climate change on tea and adaptation
Strategies (Kenya). Report of the Working Group on Climate Change of the FAO
Intergovernmental Group on Tea. Food and Agriculture Organization of the United
Nations, Rome, pp. 45-60.

Borshoom, D., Mellenbergh, G. J., & Van Heerden, J. (2003). The theoretical status of
latent variables. Psychological Review, 110: 203-219.

Botzen, W. J. W., Bouwer, L. M., & van den Bergh, J. C. M. (2010). Climate change and hailstorm
damage: Empirical evidence and implications for agriculture and insurance. Resource
and Energy Economics, 32(3):341-362.

Bouten, K. B., Zwart, K. B., Rietra, R. P. J. J., Postma, R. &de Haas, M. J. G. (2014). Bio-slurry
as fertilizer. Alterra Wageningen UR, Wageningen

Bowen, G. A. (2017). Document Analysis as a Qualitative Research Method. Qualitative
Research Journal, 9: 27-40

Bryan, E.; Okoba, B.; Roncoli, C.; Silvertri, S. and Herrero, M. (2011). Adapting Agriculture to
Climate Change in Kenya: Household and Community Strategies Determinants.
World Bank Project, USA.

Bryan, E., Ringler, C., Okoba, B., Roncoli, C., Silvestri, S. and Herrero, M. (2011). Adapting
agriculture to climate change in Kenya: Household and community strategies and
determinants. Presented at George Washington University, Washington, D.C., 19

May 2011. Washington, D.C.: IFPRI

161



Bryan, E., Deressa, T.T., Gbetibouo, G.A., Ringler, C., (2009). Adaptation to climate change in
Ethiopia and South Africa: options and constraints. Environ. Sci. Policy 12, 413-426.
Bukhari, M. (2009). An Econometric Analysis for the Impacts of Climate Change on Cash and

Food Crop Production in the Gambia. King Saud University, Riyadh.

Cabas, J., Weersink, A., & Olale, E. (2010). Crop yield response to economic, site and climatic

variables. Climatic Change, 101(3-4), 599-616.

Campell, B., Vermeulen, S. & Aggarwal, P. (2016). Reducing risks to food security Global food
security (11), 34-43

Care, (2009). Climate Vulnerability and Capacity: Handbook. In: Daze, A., Ambrose, K., Ehrhart,
C. (Eds.). First ed. CARE International

Carr, M.K.V. (1972). The climatic requirements of the tea plant: A review. Exp. Agric. 8,

1-14.

Carr, M. K. V., & Stephens, W. (1992). Climate, weather and the yield of tea. In K. C.
Willson (Ed.), Tea: cultivation to consumption. London:

Chapman & Hall.Chalchisa, S.S. (2016). Farmers’ perception, impact and adaptation strategies to
climate change among smallholder farmers in Sub-Saharan Africa: A systematic
review. Journal of Resource Development and Management, 26, 1-8

Chandra, A. (2017). Climate-smart agriculture in practice: Insights from smallholder farmers,
Timor-Leste and the Philippines, Southeast Asia. University of Queensland

Chang, K. (2016). World tea economy trends and opportunities. Presentation to the world
green tea conference 2016

Chaung, Z., Bing, L., Shilong, P., Xuhui, W., David, B. L., ..... Pierre, M. (2017). Temperature
increase reduces global yields of major crops in four independent estimates. PNAS

114(35) 9326-9331. http://doi.org/10.1073/pnas.1701762114
162



Chen, C. C., McCarl, B. A., & Schimmelpfennig, D. E. (2004). Yield variability as influenced by
climate: a statistical investigation. Climatic Change, 66(1-2): 239-261.

Cheruiyot, E. K., Murema, L.M., Hassanali, A &Wachira, F. (2007). Polyphenols as potential
indicators for drought tolerance in tea. Biosci.Boitechnol. Biochem. 71, 2190-2197.
Cheserek, B. (2013, April). Analysis of Links between Climate Variables and Tea Production in
the Recent Past and GIS Analysis of Tea Suitability Under Future Climate Change
Scenarios. Presented at the Climate Change and the Tea Sector in Kenya: Impact

Assessment and Policy Action National Multi stakeholder Workshop, Naivasha, Kenya.

Cheserek, B., Elbehri, A., & Bore, J. (2015). Analysis of Links between climate variables and Tea
Production in the Recent Past in Kenya. Donnish Journal of Research in Environmental
Studies, 2(2), 005-017.

Chijioke, O. B., Haile, M. &Waschkeit, C. (2011). Implications of climate change on crop yield
and food accessibility in Sub-Saharan Africa. Interdisciplinary term paper, Bonn:
University of Bonn.

Chinkhuntha, G. (2004). How to Support Innovation and Entrepreneurship in African
Farmers.Kampala, Uganda

Chmielewski, F.M, Muller &A, Bruns, E., (2004). Climate changes and trends in
Phenology of fruit trees and field crops in Germany, 1961-2000. Agricult For
Meteorology 121(1- 2):69-78

Christensen, J.H., Hewitson, B., Busuioc, A., Chen, A., Gao, X., ... Whetton, P. (2007). Regional

Climate Projections. In: Solomon, S., Qin, D., Manning, M., Chen, Z., Marquis, M.,
Averyt, K.B., Tignor, M. and Miller, H.L. (eds.) Climate Change (2007). The Physical

Science Basis. Contribution of Working Group | to the Fourth Assessment Report of

163



the Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, UK.

Christy, J. R., Norris, W. B. & McNider, R. T. (2011). Surface temperature variation in East Africa
and Possible causes. J. Climate press (22)12

CIAT (2019). Kenya County climate risk profile series. Government of Kenya

CIAT, (2011). Future climate scenarios for Kenya's tea-growing areas. A report. International
Center for Tropical Agriculture. Cali: CIAT
Collins, J.M., (2011). Temperature variability over Africa. Journal of Climate, 24(14):3649-3666.

Cooper, P.J.M., Dimes, J., Rao, K.P.C., Shapiro, B., Shiferaw, B. and Twomlow, S.J. (2011).
Coping better with current climate variability in the rainfed farming systems of Sub-
saharan Africa: A dress rehearsal for adapting to future climate change?

Agriculture Ecosystems and Environment 126: 24-35.

Cooper, P. J. M. Stern, R. D. Noguer M. & Gathenya J. M. (2013). Climate Change Adaptation
Strategies in Sub-Saharan Africa: Foundations for the Future, Climate Change.
Retrived from: http://www.intechopen.com/books/climate-change-realities-impacts-.

Crackwell, A. (2015). Extension Office Training Manual: Climate Change Adaptations. Ethical

Tea Partnership

Creswell, J. W. (2003). Research design: Qualitative, quantitative and mixed methods
approaches (2nd ed., pp. 1-16). London, UK.

Craufurd, P.Q. & Wheeler T.R. (2009). Climate change and the flowering time of
annual crops. Journal of Experimental Botany 60: 2529-2539.

Critchley, W. & K. Mutunga (2002). Farmer'’s initiatives in land husbandry. Sida’s regional

land management unit, ICRAF, Nairobi.

164


http://www.intechopen.com/books/climate-change-realities-impacts-

Cruz-Bello, G.M., Eakin, H. Morales, H. Barrera, J.F. (2011). Linking multi-temporal analysis and
community consultation to evaluate response to the impact of hurricanesStan in
coffee areas of Chiapas, Mexico. Natural Hazards 58, 103-116

Cutter, S., Osma-Elasha, B., Campell, J., Cheong, S. M., McCormick, S., Pulwarty, R., Supralid,
S. & Ziervogel, G. (2012). Managing risks of extreme climate change adaptation [
Field, C.B., V. Barros, T. F. Stocker, D. Qin, D. J. Docken, K. L. Ebi, M. D.
Manstrandrea, K. J. Mach, G. K. Plattners, S. K. Allen, M. Tignor and P. M. Midgley
(eds)] A special Report of the Intergovernmental Panel on Climate Change (IPCC).
Cambridge University Press, Cambridge, UK &New York, NY. USA.

Dai, A. (2011). Characteristics and trends of various forms of palmer drought severity index
during 1900-2008. Journal of Geophysical research: Atmosphere. 116(D12).

Dai, A. (2010). Drought under global warming: A review. Climate change, 2(1) 45-65

Dahisten, D. L. & Garcia, R. (eds) (1989). Eradication of exotic pests: analysis with case
histories. Yale University Press, New Haven Connecticut

Das, P. & Zirmire, J. (2017). Tea Industry in India: Current trends and future prospective.

Journal of Pharmacognosy and Phytochemistry 2018; 7(1): 407-409

Decision and Policy Analyses Group (2011). Future Climate Scenarios for Kenya Tea Growing
areas. CIAT report. Consultative Group on International Agricultural Research.
International center of Tropical Agriculture. Cali: Columbia

Deka, R. L., Mahanta, C., & Nath, K.K. (2009). Trends and Fluctuations of Temperature Regime
of North East India. ISPRS Archives XXXVI111-8/W3 Workshop Proceedings: Impact
of Climate Change on Agriculture: pp. 376-380

Deschenes, O. & Greenstone, M. (2004). The Economic Impacts of Climatic Change: Evidence

from Agricultural Profits and Random Fluctuations in Weather. American Economic

165



Review, 97, 354-385

De Costa, W. J., Mohotti, A. & Wijeratne, M. (2007). Ecophysiology of tea. Braz. J. Plant physiol.

19, 299-332

DFID (Department for International Development) (2004). Climate Change in Africa. Key sheets
on climate change and poverty.

Di Falco, S., & Veronesi, M. (2013). How can African agriculture adapt to climate change? A
counterfactual analysis from Ethiopia. Land Economics, 89(4), 743-766.
https://doi:10.3368/1e.89.4.743

Dida, G.O., Gichere, S.K., Olado, G., Anyona, D., Matano, A., Abuom, P.O., Amayi, J. and
Ofulla, A.V. (2013). Effects of Drought and Floods on Crop and Animal Losses and
Socio-economic Status of Households in the Lake Victoria Basin of Kenya. Journal
of Emerging Trends in Economic and Management Sciences (JETEMS). 4(1): 31-34.

Diffenbaugh, N. S. Swain, D. L. & Touma, D. (2015). Anthropogenic Warming has increased
drought risk in California. Proc Natl Acad Sci. USA, 112: 3931-3936

Downing, T.E., M.J. Watts, and Bohle, H.G. (1997). Climate change and food insecurity:

Toward a sociology and geography of vulnerability. In: Climate Change and World Food
Security. Springer-Verlag, Berlin, Germany.

Duncan, J., Saikia, S., Gupta, N. & Biggs, E. (2016). Observing climate impacts on tea
yields in Assam in India. Journal of Apllied Geography, 77:64-71

Durand, W., (2006). Assessing the Impact of Climate Change on Crop Water Use in South Africa

(No. 28). CEEPA Discussion Paper, South Africa.
Dutta, R. (2014). Climate change and its impact on tea in Northeast India. Journal of water and

climate change, 5(4): 625-632.

166



Dutta, R. (2011). Impact of age management factors on tea yield and modelling, the influence of
leaf area index on yield variation. Science Asia 37(2011); 83-87

Eakin, H., Benessaiah, K., & Morales, H. (2012). Livelihoods and landscapes at the threshold of
change: disaster and resilience in Chiapas coffee community. Regional Environmental
Change, 12: 475-488

East Africa tea trade association (2015). Tea production statistics: Kenya tea industry 1963-2015.
Nairobi, Kenya.

Eitzinger, A., Laderach, P., Quiroga, A., Pantoja, A. & Gordon, J. (2011). Future climate scenarios

for Uganda’s tea growing areas. Final report July 2011, 23. Kampala, Uganda

Elbehri, A. (2015). Kenya’s Tea Sector under Climate Change: An impact assessment and

formulation of a climate-smart strategy. Rome: Food and Agricultural Organization.

Elbehri, A., B. Cheserek, A. Azapagic, D. Raes, M. Mwale, J. Nyengena, P. Kiprono, & Craparo,
A. C. W., Van Asten, P. J. A., Laderach, P., Jassogne, L. T. P., & Grab, S. W. (2015).
Coffea arabica yields decline in Tanzania due to climate change: Global implications.
Agricultural and Forest Meteorology, 207, 1-10.
Elbehri, A. & Sadiddin, A. (2016). Climate change adaptation solutions for the green sectors of
selected zones in the MENA region. Future of Food: Journal on Food, Agriculture
and Society, 4(3): 39-54.

Elbehri, A., Wheeler, T. & Elliott, J. (2015). Assessment of climate change impacts on global food
security trade: Key messages and recommendations. FAO of the UN, 2015. In Aziz
Elbehri (ed) climate change and food systems: Global analyses and implication for

food security and trade. FAO of UN, Rome

167



Enete, A. A., Madu, 1. 1., Mojekwu, J. C., Onyekuru, A. N., Onwubuya, E. A. and Eze, F. (2011).
Indigenous Agricultural Adaptation to Climate Change: Study of Southeast Nigeria.

Published by the African Technology Policy Studies Network.
Eregha, P. B., Babatolu, J. S., & Akinnubi, R. T. (2014). Climate change and crop production in
Nigeria: An Error Correction Modelling approach. International Journal of Energy

Economics and Policy, 4(2): 297-311.

Esham, M.; Garforth, C. (2013). Climate change and agricultural adaptation in Sri Lanka: A
review. Clim. Dev. 5: 66-76.

FAO, (2021). Agricultural Sector in Kenya. United Nations

FAO, (2018). The State of Agricultural Commodity Markets 2018. Agricultural trade, climate
change and food security. Rome.

FAO, (2017). Strengthening sector policies for better food security and nutritional results.
Research and policy in development.

FAO, (2016). Report of the Working Group on Climate Change of the FAO Intergovernmental
Group, on Tea. United Nations: Rome

FAO, (2016a). Frost protection: Fundamentals, practice, and economics - Volume 1. FAO,
Spanish

FAO, (2016 b). The state of food and agriculture. Climate change and food security. Rome

FAOQ, (2015). Crop water information. Rome: FAO.

FAO, (2014). Building a common vision for sustainable food and agriculture. Principles and
approaches. Rome

FAO, (2012). Climate Change and Tea in Kenya- Impact Assessment and Policy
Response. Swedish International development Agency. Retrieved from
www.fao.org/economic/est/issues/est-climatechange/

FAO, (2011). The state of the world’s land and water resources for food and Agriculture (SOLAW)

managing systems at risk. Rome FAO& London, Earth scan

168


http://www.fao.org/economic/est/issues/est-climatechange/

FAO, (2008). Climate Change Adaptation and Mitigation in the Food and Agriculture Sector.
Technical Background Document from, the Expert Consultation Held On 5th to 7th
March 2008. Rome.

Fischer, G. & van Velthuizen. H.T. (1996). Climate Change and Global Agricultural Potential
Project: A Case Study of Kenya. International Institute for Applied Systems Analysis,
Laxenburg, Austria.

Fouka, G. & Mantzorou, M. (2011). What are the Major Ethical Issues in Conducting Research?
Is there a Conflict between the Research Ethics and the Nature of Nursing? Health
science Journal VVol. 5 (1):3

Funk, C., Eilerts, G., Davenport, F. and Michaelsen, J. (2010). A Climate Trend Analysis of
Kenya- August 2010. US Geological Survey Fact sheet 3074.

Funk, C., G. Eilerts, J. Verdin, J. Rowland, and M. Marshall, (2011). A Climate Trend Analysis of
Sudan. USGS Fact Sheet 2011-3072, U.S. Department of the Interior, U.S. Geological
Survey (USGS), Reston, USA.

Funk, C., Michaelsen, J. & Marshall, M. (2012). Mapping recent decadal climate variations in
precipitation and temperature across Eastern Africa and the Sahel.In: Remote
Sensing of Drought: Innovative Monitoring Approaches [Wardlow, B.D., M.C.
Anderson, and J.P. Verdin (Eds.)]. CRC Press, Boca Raton, FL, USA, pp.331-358.

Fussel, H. M., (2007). Adaptation planning for climate change: concepts, assessment Approaches,
and key lessons. Sustainability Sci. 2: 265-275.

Gachenge, B. (2012, January 5). Frost curbs Kenya’s January tea production. Reuters. Nairobi.
Retrieved: on 20/02/2019. <www.reuters.com/article/ozabs-kenya-tea-
idAFJOE80406H20120105

Gay, C., Estrada, F., Conde, C., Eakin, H., & Villers, L. (2006). Potential impacts of climate
change on agriculture: A case of study of coffee production in Veracruz, Mexico.
Climatic Change, 79(3-4): 259-288.

Gay, M. (1987). Education and Research Foundation Records. North Carolina: Merdith College.

Gbetibouo, G. A. (2009). Understanding Farmers' Perceptions and Adaptations to Climate
Change and Variability: The Case of the Limpopo Basin, South Africa. IFPRI
Discussion Paper 00849.

Gebrechorkos, S. H., Hulsmann, S. & Bernhofer, C. (2019). Long-term trends in rainfall and

temperature using high resolution climate datasets in East Africa. Sci. Rep.9(11376).

169



https://doi.org/10.1038/541598-019-47933-8

Gesimba, R.M., Liu, M.C., Langat, G. and Wolukau, J. N. (2005). The Tea Industry in
Kenya; The Challenges and Positive Developments. Journal of Applied Sciences
Volume 5 (2): 334-336.

Gichangi, E. M., Gatheru, M. Njiru, E. N., Mungabe, E. O., Wambua, J. M. & Wamuongo, J.
W. (2015). Assessment of climate variability and change in semi-arid Eastern Kenya.
Climate change 130(2): 287-297

Gitau, W. P., Camberlin, P., Ogallo, L. & Okolla, R. (2015). Oceanic and Atmospheric linkages
with short rainfall season, Inter-seasonal statistics over Equatorial Eastern Africa and
their predictive potential. International J. Climatol. 35(9):2382-2399

Gocic, M. and Trajkovic, S. (2012) Analysis of changes in meteorological variables using
Mann-Kendall and Sen’s slope estimator statistical tests in Serbia. Elsevier

Government of Kenya, GOK, (2018). National Climate Change Action Plan (Kenya): 2018-2022.
Nairobi: Ministry of Environment and Forestry Government of Kenya

GOK, (2017). Kenya Climate Smart Agriculture Strategy-2017-2026

Government of Kenya. (2014). Economic survey. Nairobi: Government Printer.

Government of Kenya, (2013). National climate change action plan. Nairobi: Government Printer.

Government of Kenya, (2012). Economic survey. Nairobi: Government Printer.

Government of Kenya, (2010b). National climate change response strategy. Nairobi: Government
printer.

Government of Kenya. (2010a). Economic survey. Nairobi: Government printer

GOK, (2009a). Kisii South Development Plan 2008-2012. Nairobi: Government printer

GOK (2009). Kenya Population and Housing Census. Kenya National Bureau of Statistics
(KNBS). Vol.1A. Population Distribution and Administrative Units, August 2010.
Nairobi, Kenya.

Government of Netherlands, (2019). Climate Change Profile: Kenya. Netherlands.

Government of Uganda, GoU, (2002). Uganda’s Initial National Communication to the UNFCCC

Gunathilaka, D. R. P., Smart, R. C. J. & Fleming, M. C. (2017). The impact of changing climate
on perennial crops: The case of production in Sri- Lanka. Climate change 140(3-4):
577-592

Gupta & Dey, (2010). Development of a productivity measurement model for tea industry. APRN

Journal of engineering and applied sciences 5(12)

170


http://ascidatabase.com/author.php?author=R.M.&last=Gesimba
http://ascidatabase.com/author.php?author=M.C.%20Langat&last=
http://ascidatabase.com/author.php?author=J.N.%20Wolukau&last=

Hamjah, M. A. (2014). Climatic effects on cotton and tea productions in Bangladesh and
measuring efficiency using multiple regression and stochastic frontier model,
respectively. Mathematical Theory and Modeling, 4(3): 86-98.

Han, W., Li, X., Yan, P. Zhang, I, & Ahmmed, J. G. (2018). Tea cultivation under changing
climatic conditions. Tea Research Institute of the Chinese academy of Agricultural
Sciences (TRI, CAAS), China

Han, W. Y., Li X,, Yan, P & Ahammed, G. J. (2016). Impact of Climate Change on Tea
Economy and Adaptation Strategies in China. Report of Working on Climate Change
of FAO intergovernmental Group on Tea. Food and Agriculture

Han, W. (2012). Climate Change and its Impacts on Tea Economy and Counteract
Strategies in China; Intergovernmental Group on Tea of the Food and Agricultural
Organization of the United Nations: Colombo, Sri Lanka. Organization of United
Nations, Rome pp 61-77

Harvey, A.C., Saborio-Ridriguez, M. R., et al., (2018). Climate Change impacts and adaptation
among smallholder farmers in Central America. Agriculture and Food security, 7(57)
hptts://doi.org/10.1186/s40066-018-0209-x

Hassan, Z. A., Schattner, P. & Mezza, D. (2006). Doing a pilot study: Why is it essential. Malays
Fam Physisician 2006; 1(2-3):70-73

Hatfield, J. L., Boote, K. J., Kimball, B. A., Ziska, L. H. & lzaurralde, R. (2011). Climate impacts
on agriculture: Implications for crop production. Agronomy Journal 103(2): 351-370

Hatfield, J. L. & Prueger, H. J. (2015). Temperature extremes: Effect on plant growth and
development. Weather and climate extremes (10): 4-10

Haque, M.A., Yamamoto, S.S., Malik, A.A., & Sauerborn, R. (2012). Households Perception of
climate change and human health risk: A community perspective. Environ Health,
11(11).

Herero, M., Havlik, P., Valin, H., Notenbaert, A., Rufino, M., Thornton, P. K. Blummel, M. Weiss,
F., Grace, D. & Obsersteiner, M. (2013). Biomass use, production, feed efficiencies
and greenhouse gas emission from global livestock systems. Proceedings of the
National academy of sciences 110 (52): 200888-93

Herrero, M.C., Ringler, C., Van de Steag, J., Thornton, P., Zhu, T., Bryan, E., Omolo, A., Koo, J.,
and Notenbaert, A. (2010). Climate Variation and Climate Change and the Impacts

171



on the Agricultural Sector, ILRI report of the World Bank for the project “Adaptation
to Climate Change of Smallholder Agriculture in Kenya” Nairobi, Kenya

High Level Panel of Experts, HLPE, (2015). Water for food Security and nutrition. A report by
high level panel of experts on food security and nutrition of the committee on world
food security. Rome, FAO

Hitayezu, P., Wale E. & Ortmann, G. (2017). Assessing farmers’ perceptions about climate
change: A double-hurdle approach. Climate Risk Management 17 (2017): 123-138.
Retrived from: www.elsevier.com/ locate/crm

Holland, M.B., Shamer, S.Z., Imbach, P., Zamora, J. C., Medellin, C., ... Harvey, C. A. (2017).
Mapping agriculture and adaptive capacity: Applying expert knowledge at the
landscape scale. Climate change. hptts://doi.org/10.1007/s10584-016-1810-2
retrieved on 6/5/2020

Hossain, A. A., Ara, R., Hoque, Z. & Miah, L. (2015). Effect of Rainfall on Yield and crop
distribution of Tea. Journal of Global Biosciences, 4(5): 2304-2314.

Huang, H., & Khanna, M. (2010). An econometric analysis of u.s. crop yield and cropland
acreage: implications for the impact of climate change. Paper Presented at the AAEA
2010 Joint Annual Meeting, Denver, Colorado: University of Illinois at Urbana-
Champaign.

Huho, J.M., Ngaira, J.K., Ogindo, H.O., and Masayi, N. (2012). The changing rainfall pattern and
the associated impacts on Subsistence agriculture in Laikipia East District, Kenya.
Journal of Geography and Regional Planning 5(7): 198-206.

Hulme, M., Doherty, R.M., Ngara, T., New, M.G. and Lister, D. (2001). African climate change:
1900-2100. Climate Research 17(2): 145-168.

Hulme, M., Osborn, T. J. & Johns, T. C. (1998). Precipitation sensitivity to Global
Warming: Comparison of observations with Had CM2 simulations, Geophys. Res.
Lett. 25:3379-3382.

Hurkman, W.J., Vensel, W.H. Tanaka, C.K. Whitehand, L. and Altenbach. S.B. (2009). Effect of
high temperature on albumin and globulin accumulation in the Endosperm proteome
of the developing wheat grain. Journal of Cereal Science 49: 12-23.

Hussein, M. A. (2011). Climate change Impacts on East Africa. In the Economic, Social and
Political Elements of climate change, ed. W. Leal Filho, 589-601. Climate Change

Management Series. New York and Heidelberg: Springer

172



IFPRI (2011). Agricultural Management for Climate Change Adaptation, Greenhouse Gas
Mitigation and Agricultural Productivity: Insights from Kenya. IFPRI Discussion
Paper 01098.

Igoden, C., Ohoji, P. and Ekpare, J. (1990). Factors associated with the adoption of recommended
practices for maize production in the Lake Basin of Nigeria. Agricultural
Administration and Extension 29 (2): 149-156.

IPCC (2019). IPCC Special Report on Climate Change, Desertification, Land Degradation,
Sustainable Land Management, Food Security, and Greenhouse gas fluxes in
Terrestrial Ecosystems. Summary for Policymakers. Approved Draft, IPCC SRCCL

IPCC, (2014). Climate Change 2014. Impacts, Adaptation, and Vulnerability. Part B:
Regional Aspects. Contribution of Working Group |1 to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change

IPCC, (2013). Summary for policymakers In: Stocker, T.F., Qin, D., Plattner, G.-K., Tignor, M.,
Allen, S.K., Boschung, J., Nauels, A., Xia, Y., Bex, V., Midgley, P.M. (Eds.), Climate
Change 2013: The Physical Science Basis. Contribution of Working Group | to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, United Kingdom; New York, NY, USA.

IPCC, (2007). Climate Change 2007 Impacts Adaptation and Vulnerability, Report of Working
Group 11 to the Fourth Assessment Report of the IPCC. Cambridge University Press,
Cambridge: UK and New York.

Intergovernmental Panel on Climate Change (IPCC) (2007). Summary for Policy Makers on
Climate Change 2007: Synthesis Report. Published for IPCC. Cambridge: Cambridge
University Press. UK.

IPCC, (2001). Climate Change 2001. Impacts, Adaptation and Vulnerability. Contribution of
Working Group |1 to the Third Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge University Press, Cambridge, UK.

IPCC (2001a). Climate Change 2001: The Scientific Basis, Contribution of Working Group | to
the Third Assessment Report of the Intergovernmental Panel on Climate Change, in
Houghton, J. T., Ding, Y., Griggs, D. J., Noguer, M., van der Linden, P. J., Dai, X.,
Maskell, K. and Johnson, C. A. (eds.), Cambridge university Press, Cambridge, United
Kingdom and New York, NY, U.S.A.

173



Ixchel, H., Diego, N. Luz, P. Mathew, R., Ali. B., Kai, S. ...& Senthold, A. (2019). Irrigated and
rainfed wheat to climate change in semi-arid environments: brredingoptions and land
use change. European journal of Agronomy 109:125915
https://Doi: 10.1016/j.eja.2019.125915

Jokastah, W.K., Leahl Filho, W. and Harris, D. (2013). Smallholder Farmers* Perception of the
Impacts of Climate Change and Variability on Rain-fed Agricultural Practices in
Semi-arid and Sub-Humid Regions of Kenya. Journal of Environment and Earth
Sciences. 3(7):129-140.

Jones, P. G. and Thornton, P. K. (2003). The potential impacts of climate change on maize
production in Africa and Latin America in 2055. Global Environmental Change 13:
51-59.

Juma, G. (2014). Effects of Rainfall Variability on Tea Production in Murang’a County. Retrieved
from http://meteorology.uonbi.ac.ke/node/2342

Kabubo-Mariara, J. and Karanja, F. K. (2007). The Economic Impact of Climate Change on
Kenyan Crop Agriculture: A Richardian Approach. Global and Planetary Change 57:
319-330

Kahsay, H. T., Guta, D. D., Birhana, B. S. & Gidey, T. G. (2020). Farmer’s perception of climate
change trends and adaptation strategies in semi-arid Highlands of Eastern Tigray,
Northern Ethiopia. Advances in meteorology (2019):13.
https://doi.org/10.11555/2019/3849210

Kamunya, S. Ochanda, S., Cheramgoi, E., Chalo, R., Sitenei, K., Muku, O.... & Bore, J. K. (2019).

Tea growers guide. Kenya Agricultural Research Organization

Kang, M.S. & Banga, S.S. (2013). Global agriculture and climate change. Journal of Crop
Improvement 27: 667—692.

Kangalawe, R. Y. M & Liwenga E. T. (2005). Livelihoods in the Wetlands of Kilombero Valley
in Tanzania: Opportunities and Challenges to Integrated Water Resource
Management. Physics Chem. Earth 30: 968-975.

Kariuki, M. G. (2016). Effects of Climate Variability and Yields of Selected Crops in Kenya,
Department of Applied Economics, Kenyatta University, Kenya

Karki, S., Burton, P. & Mackey, B. (2020). The experiences and perceptions of farmers about
climate change and variability on crop production; a review. Climate and
Development, 12(1): 80-95

174


http://meteorology.uonbi.ac.ke/node/2342

Karki, S., Burton, P. & Mackey, B. (2019). The experiences and perceptions of farmers about the
impacts of climate change and variability on crop production: a review. Climate and
development 20(1)

KDTA (2017). KDTA Annual reports

Katz, R. W. &Brown, B. G. (1992). Extreme events in a changing climate: Variability is more
important than averages. Climate change, 21: 289-302

Kawasaki, J., & Herath, S. (2011). Impact assessment of climate change on rice production in
Khon Kaen province, Thailand. Journal of ISSAAS, 17, 14-28.

Kendall, M. G. (1975). Rank Correlation methods. Griffin, London.

Kendall, M. G. (1955). Rank Correlation Methods. Griffin, London.

KIPPRA (2013). Kenya economic report 2013. Nairobi, Kenya.

Kimberlin, C.L., & Winterstein, A.G., (2008). Research fundamentals: Validity and reliability of
measurement instruments used in research American Journal of Health-System
Pharmacists, Vol. 65 Pages 2276-2284.

Kisii County Government (2017). Annual Development Plan, 2018/2019

Kisii County Government (2018). Kisii County Government County Integrated Development Plan
2018-2022

Klein, D. & Roehing, J. (2006). How does vegetation respond to Rainfall Variability in a semi-
humid West African in comparison to a semi-arid East African environment? Centre
for Remote Sensing of Land Surfaces. Bonn, 28-30.

Kenya Meteorological Department (2020). State of climate in 2020. Nairobi, Kenya

KNBS, (2019). 2019 Kenya Population and Housing Census, volume 1: Population by County
and Sub-County. Nairobi, Kenya.

Kogo, B. K., Kumar, L. & Koech, R. (2020). Climate change and variability in Kenya: A review
of impacts on agriculture and food security. Environment, Development and
sustainability 23: 23-43

Koohafkan, P. & Altieri, M. (2011). Globally Important Agricultural Heritage Systems: A
Legacy for the Future. GIAHS, FAO, Rome.

Kothari, C. R. (2004). Research Methodology: Methods and Techniques, (2n Edition), New Age
International Publishers

Kothari, C.A (1996). Research Methodology: Methods and techniques (2™ ed). New Delhi:

Wishaw Prakashan

175



Kothari, C. R. (1990). Research Methodology. New Delhi: Wishaw Prakashan

Kothawale, D. R., Munot, A. A. & Kumar, K. K. (2010). Surface air temperature variability over
India during 1901- 2007 and its association to ENSO. Clim Res 42: 89-104,
https://doi:10.3354/cr00857

Kraemer, H. C., Mintz, J. Noda, A., Tinklenberg, J. & Yesavage, J. A. (2006). Caution regarding
the use of pilot studies to guide power calculations for study proposals. Arch Gen
Psychiatry. 63(5)484-9

Kristajansen, P., Neufeldt, H., Gassner, A., Mango, J., Kyazze, F.B., Desta, S., Sayula, G., Thiede,
B., Forch, W., Thornton, P.K., and Coe, R. (2012). Are food insecure smallholder
households making changes in their farming practices? Evidence from East Africa.
Food Security. 4:381-297.

Kumar, A., & Sharma, P. (2014). Climate change and sugarcane productivity in India: An
econometric analysis. Journal of Social and Development Sciences, 5(2): 111-122.

Kupar, R. (2018). Research methodology: methods and strategies. University of Delhi, India

Kuria, D. (2009). Coping with climate change: Understanding local communities " knowledge and
their coping strategies to climate change. Birdlife International, Nairobi, Kenya.

Kurukulasuriya, P. and Mendelsohn, R. (2007). A Ricardian Analysis of the Impact of Climate
Change on African Cropland. The World Bank, Washington DC. USA.

Kurukulasuriya P & Mendelsohn R, (2006). A Ricardian analysis of the impact of climate change
on African cropland (CEEPA Discussion Paper No. 8). Centre for Environmental
Economics and Policy in Africa, University of Pretoria.

Lawrence, C. & Mao, H. (2019). Anthropogenic and Natural Factors Affecting Trends in
Atmospheric  Methane in  Barrow, Alaska.  Atmosphere.  10(4):187
https://doi.org/10.3390/atmo0s10040187

Laux, P. Jackel, G., Tingem, R. M., & Kunstmann, H. (2010). Impact of Climate Change on
Agricultural Productivity under Rain-fed conditions in Cameroon- A method to
improve attainable crop yield by planting date adaptations. Agricultural and Forest
Meteorology, 150: 1258-1271

Laycock, D.H. (1958). An Empirical Relationship between Rainfall and Tea Yields in
Nyasaland; Special Meeting of Applied Meteorology: Nairobi, Kenya.

176


https://doi.org/10.3390/atmos10040187

Lee, J., Nadolnyak, D., & Hartarska, V. (2012). Impact of climate change on agricultural
production in Asian countries: Evidence from panel study. Presentation at the southern
agricultural economics association annual meeting, Birmingham, AL.

Lehmann, N. (2011). Regional crop Modelling: How Future Climate May Impact Crop Yields in
Switzerland, Journal of Socio-Economics in Agriculture. Swiss Society for
Agricultural Economics and Rural Sociology. 4 (1):269-291

Lele, U. (2010). Food Security a billion poor. Science 327(5973): 1554-1554

Lema, M. A. & Majule, A. (2009). Impacts of Climate Change, Variability and adaptation
Strategies in semi-arid areas of Tanzania: The case of Mayoni District in Singida
Region, Tanzania. African Journal of Environmental Science and Technology 3: 206-
218

Leshamta, G. T. (2017). Assessing the suitability of tea growing zones in Kenya under changing
climate and modeling less regret agrometeological options. Nairobi University

Leshamta, G.T. (2014). Assessing the Relationship between Temperature Extremes and Tea Yields
in Kisii, Lake Basin Region of Kenya. Nairobi University. Retrieved from
http://meteorology.uonbi.ac.ke

Lin, J. (1991). Education and innovation adoption in agriculture: evidence from hybrid rice in
China. American Journal of Agricultural Economics 73 (3): 713-723.

Liu, J., You, L., Amini, M., Obersteiner, M., Herrero, M., Zehnder, A.J. & Yang, H. (2010). A
high-resolution assessment on global nitrogen flows in cropland. Proceedings of the
National Academy of Sciences, 107(17): 8035-8040.

Liwenga, E. T., Kangalawe, R. Y. M., Lyimo, J. G., Majule, A. E. and Ngana, J. O. (2007).
Research Protocols for Assessing the Impact of climate & variability in Rural
Tanzania: Water, Food Systems, Vulnerability and Adaptation. Cambridge University
press, Cambridge, UK.

Lobell, D.B., Banziger, M. Magorokosho, C. & Vivek. B. (2011). Nonlinear heat effects on
African maize as evidenced by historical yield trials. Nature Climate Change 1: 42—
45,

Lobell, B. D. & Field, B. C. (2007). Global climate-crop yield relationships and the impacts of
recent warming. Environmental research letters 2(1): 014002

Lobell, B. D. & Ortiz- Monasterio, I. J. (2007a). Impacts of day versus night temperatures on
spring wheat yields. Agronomy journal 99(2): 469-477

177


http://meteorology.uonbi.ac.ke/

Luenendok, M. (2016, December, 7). Interview schedule: Definition, Types, Templates and Tips.
Home Magazine. Cleverism.com

Macharia, M. M. & Raude, M. J. (2017). Analysis of the trends in temperature and rainfall in
Thika River Basin in Kenya. International Journal of Climate Research 2017. 2(1):
26-35. DOI: 10.18488/journal.112.2017.21.26.35

Macharia, P.N., Lugadiru, J. Wakori, S. Ng“anga, L.W. and Thuranira, E. (2010). Perceptions
and adaptation measures to climate change and variability by immigrant communities
in semi-arid regions of Nyeri North and Laikipia east districts. 12th KARI Biennial
Conference, 8th -10th November 2010. Nairobi, Kenya.

Maddison, D. (2006). The perception of and adaptation to climate change in Africa. CEEPA
Discussion Paper No. 10. Centre for Environmental Economics and Policy in Africa,
University of Pretoria, South Africa.

Mahmood, N., Ahmad, B., Hassan, S., & Bakhsh, K. (2012). Impact of temperature and
precipitation on rice productivity in rice-wheat cropping system of Punjab Province.
Journal of Animal and Plant Sciences, 22(4):993-997.

Maina, I., Newsham, A., & Okoti, M. (2013). Agriculture and climate change in Kenya: Climate
chaos, policy dilemmas (Working paper 070, p. 30). Brighton: Future Agricultures
Consortium.

Majumder, A., Bera, B. & Rajan, A. (2012). Tea Statistics: Global Scenario. Inc J Tea 8(1):1221-
124

Malhi, Y. & Wright, J. (2004). Spatial patterns and recent trends in the climate of tropical rainforest
regions. Philosophical Transactions of the Royal Society B, 359: 311-329.

Makenzi P., Ketiem P., Omondi P., Maranga, E. and Wekesa, C. (2013). Trend Analysis of Climate
Change and its Impacts on Crop Productivity in the Lower Tana River Basin, Kenya.
Octa Journal of Environmental Research. 1 (4): 237-248.

Mann, H. B. (1945). Nonparametric tests against trend. Econometrica, 13: 245-259.

Mann, E. M. & Gleick, H. P. (2015). Climate change and California drought in the 21% century.
PNAS 112(3): 3858-3859

Manstrndrea, M. D. &Schneider, S. H. (2009). Global Warming. Encarta online Encyclopedia

Marczyk, G., DeMatteo, D. & Festinger, D. (2005). Essentials of research methodology. John
Wiley & Sons, Inc.

178



Mati, B. M. (2000). The Influence of Climate Change on Maize Production in Semi-Arid areas of
Kenya. Journal of Arid Environments 46: 333-344

Martin, D., Kathrin, L. & Ulrich, S. (2009). Global warming benefits the small in aquatic
ecosystems. PNAS 106 (31): 12788-12793

McDonald, (2009), Global Best of Green Report Fires Back at Critics, BBC. Mendelsohn, R., W.,
Morrison, M., S, and Andronova, N. (2000). Country Specific Market Impacts from
Climate Change, Climate Change, 45: 553-569.

McLeod, S. A. (2014). The Interview Method. Retrived from
https://www.simplypsychology.org/interviews.html

McNeeley M. S. & Lazrus, H. (2014). The Cultural Theory of Risk for Climate Change
Adaptation. Weather, Climate, and Society. 4: 506-519

McSweeney, C., Lizcano, G., New, M., & Lu, X. (2010). The UNDP Climate Change Country
Profiles: Improving the accessibility of observed and projected climate information
for studies of climate change in developing countries. Bulletin of the American
Meteorological Society, 91(2): 157-166.

Mendelsohn, R. (2009). The impact of climate change on Agriculture in Developing Countries:
Journal of Natural Policy Research. 1(1):5-19

Mendelson, R. (2000). Climate change impacts on African agriculture. Yale University.

Mendelsohn, R., & Dinar, A. (1999). Climate change, agriculture, and developing countries: does
adaptation matter? The World Bank Research Observer, 14(2): 277-293.

Mendelsohn, R., Nardhaus, W., and Shaw, D. (1994). The impact of global warming on
agriculture. A Ricardian analysis. American Economic Review, 84(88):753-771.

Meze-Hausken, E. (2004). Contrasting climate variability and meteorological drought with
perceived drought and climate change in Northern Ethiopia. Climate Research. 27:
19-31.

Minja, E. M., E. Ulicky & Mziray H. A. (2003). Farmer group activity reports for the DFID Crop
Protection Programme (CPP) Bean IPM Promotion Project in eastern and southern
Africa. CIAT

Mironga, J. M. (2006). Human Impact on Wetland Ecosystems and its Impact on the Environment.
A case Study of Kisii District. OSSREA

Modarres, R. and Sarhadi, A. (2009). Rainfall trends analysis of Iran in the last half of the

179


https://www.simplypsychology.org/interviews.html

twentieth century. Journal of Geophysical Research Atmospheres 114: D3
http://dx.doi.org/10.1029/2008JD010707 (D03101).

Mohammed, D., Kwaghe P. V., Abdulsalam B., Aliyu H. S. & Dahiru B. (2014). Review of
Farm Level Adaptation Strategies to Climate Change in Africa. Greener Journal of
Agronomy, Forestry and Horticulture 2 (2): 038-043

Mohammed, A.R., and L. Tarpley. (2009). High nighttime temperatures affect rice productivity
through altered pollen germination and spikelet fertility. Agricultural and Forest
Meteorology 149: 999-1008.

Mohotti, K.M. (2015). Year adoption 2015-soil conservation and fertility improvements.
Tea research Institute of Sri Lanka, Silda Auditorium: Colombo

Molua, E. L. & Lambi, C. M. (2007). The economic impact of climate change on agriculture in
Cameroon. CEEPA Discussion paper No. 17 special series on climate change and
agriculture in AfricalSBN 1-920160-01-9. Discussion paper ISBN 1-920160-17-5,
July 2006

Molua, E.L. (2002). Climate Variability, Vulnerability and Effectiveness of Farm-level Adaptation
Options: The Challenges and Implications for Food Security in Southwestern
Cameroon. Environment and Development Economics 7: 529-545.

Moriondo, M., Gianuakopoulos, C. & Bindi, M. (2011). Climate Change Impact Assessment: The
role of climate extremes in crop yield simulation. Climate Change 104: 679-701

Morton, J.F. (2007). The impact of climate change on smallholder and subsistence agriculture.
PNAS 104(50): 19680-19685. Hptts://doi.org/10.1146/annurev-environ-
10.1073/pnas.0701855104

Moylan, H. G. (2012). The impact of rainfall variability onagricultural production and
household welfare in rural Malawi. Champaign, Illinois.

Moyo, M., Mvumi, B.M., Kunzekweguta, M., Mazvimavi, K., Craufurd, P. & P. Dorward (2012).
Farmer perceptions on climate change and variability in semi-arid Zimbabwe in
relation to climatology evidence. African Crop Science Journal, 20: 317 — 335

Mtongori, H. 1. (2006). Climate Change and the Impacts on Crop — Agriculture in Tanzania.
Thesis for Degree Philosophiae Doctor; Universty of Oslo

Mubhati, G. L., Olago, D. & Olaka, L. (2018). Past and projected rainfall and temperature trends in

a sub-humid montane forest in Northern Kenya based on the CMIP5 Model ensemble.

180



Global ecology &conservation, 16: e0049. Retrived on 4thApril 2020 from
https://doi.org.//10.1016/j.gecco.2018.e0049

Mugalavai, E. M., Kipkorir, E. C., Raes, D. & Rao, M. S. (2008). Analysis of rainfall onset,
cessation and length of growing season for western Kenya. Agric. For. Meteorol. 148
(6-7): 1123-1135. doi: 10.1016/j.agrformet.2008.02.013

Mugenda, O. M. & Mugenda, A. G. (2003). Research Methods: Quantitative and
Qualitative approaches. Nairobi: Arc publishers.

Muller, C., (2009). Climate Change Impact on Sub-Saharan Africa? An Overview and Analysis of
Scenarios and Models (No. 3), Discussion Paper, ISSN: 1860- 0441, Bonn.

Muoki, C. R., Maritim, T. K., Alouch, W. A., Kamunya, S. M. & Bore, K. J. (2020). Combating
climate change in Kenya tea industry. Front.plant sci 4: 402
https//doi.org110.3389/fpls2020-00 339

Muriuki, J., Kirumba, E. & Catacutan, D. (2011). In review. Socio-economic analysis of Farmers "
potential for adoption of evergreen agriculture in Meru County, Kenya. Draft working
paper prepared for the World Agroforestry Centre (ICRAF), Nairobi, Kenya. Retrived
from http://worldagroforestry.org/evergreen_agriculture.

Murugan, M., Shetty, P.K., Ravi, R., Anandhi, A. & Rajkumar, J. A. (2012). Climate change and
crop yields in the Indian Cardamon Hills 1978-2007. Climate change 110(3-4): 737-
753

Mvumi, B. M., Kunzekweguta, M., Mazvimavi, K., Craufurd, P. & Dorward P., (2012). Farmer
perceptions on climate change and variability in semi-arid Zimbabwe in relation to
climatology evidence. African Crop Science Journal
http://www.ajol.info/index.php/acsj/article/download/81753/71899

Muema, E., Mburu, J., Coulibaly, J.& Mutune, J. (2018). Determinants of access and utilisation
of seasonal climate information services among smallholder farmers in Makueni
County, Kenya. Heliyon 4 (2018) e00889. Doi: 10.1016/j.heliyon.2018. e00889

Muench S., Bavorona, M. & Pradhan, P. (2020). Climate change adaptation by smallholder
farmers: a case study of Nepal. Environment Science & Policy vol. 116(10):136-146.
Doi: 10.1016/j.envsci.2020.10.012

Mubhati, G. L., Olago, D. & Olaka, L. (2018). Past and projected rainfall and temperature trends
in a sub-humid Montane Forest in Northern Kenya based on the CMIP5 model
ensemble. Global Ecology and Conservation 16: e00469
http://lwww.elsevier.com/locate/gecco.

Murray, R. T. (2003). Blending Qualitative and Quantitative Research Methods in Thesis and
Dissertations. Corwin in Press. New York.

181


http://worldagroforestry.org/evergreen_agriculture
http://www.ajol.info/index.php/acsj/article/download/81753/71899

Mutua, T. M., & Runguma, N. S. (2020). Rainfall variability and extreme hydrological events in
Kenya since 1845-2012; Driven from document evidence ans SPI analysis. Journal of
climatology & weather forecast, 8: 256. doi:10.35248/2332-2594.2020.8.256

Mwaura F. & Okoboi, G. (2014). Climate Variability and Crop Production in Uganda. Journal of
sustainable development, 7(2): 159

Nastis, S. A., Michailidis, A., & Chatzitheodoridis, F. (2012). Climate change and agricultural
productivity. African Journal of Agricultural Research, 7(35): 4885-4893.

Ndamani, F. & Watanabe, T. (2015). Influences of rainfall on crop production and suggestions for
adaptation. International Journal of Agricultural Sciences, 5(1): 367-374.

Ndukhu, H. Onwonga, R. Genga, Q. Wahome, G. & Henning, J. (2014). Climate change and
variability: Experiences, coping and adaptation strategies among the smallholder
organic vegetable farmers in Central Kenya. The 8th Egerton University International
Conference Paper held on the 26th - 28th March 2014, Egerton, Njoro.

Nelson, G. C., Rosegrant, M. W., Koo, J., Robertson, R., Sulser, T., Zhu, T., & Ringler, C.
(2009). Climate change: Impact on agriculture and costs of adaptation. Washington,
DC: IFPRI.

National Environment Management Authority (2015). Kenya- Second National Communication

to the United National Framework Convention on Climate Change. URL.:

https://unfccc.int/sites/default/files/resource/Kennc2.pdf

Nganga, J.K., (2006). Climate change impacts, vulnerability and adaptation assessment in East
Africa. Proceedings of the United Nations Framework Convention on Climate
Change, African Regional Workshop on Adaptation, Accra, Ghana, 21 - 23,
September, 2006

Ng’etich, W.K., Bore, J.K. and Cheserek, B., (2006). Biotic and abiotic factors affecting tea: A
review. Tea, 27(1&2): 29-35.

Ng’etich, W.K. (1995). An evaluation of the responses of tea clones to environment in Kenya. PhD
thesis, Silsoe: Cranfield University

Nhemachena, C. and Hassan, R. (2007). Micro-level analysis of farmers" adaptation to climate
change in Southern Africa. IFPRI Discussion Paper, 00714.

Niang. I., Ruppel, O. C., Abdrabo, M. A., Essel, A., Lennard, C., Padgham, J. and Urquhart P.
(2014). Africa. In climate change 2014: Impacts, Adaptations and Vulnerability. Part

182



B: Regional Aspects. Contribution of working group Il to the fifth Assessment Report
of the Intergovernmental Panel on Climate Change. Cambridge, United Kindom and
New York, NY, USA: Cambridge University Press.

Nianthi, R. (2018). Climatic variability associated with tea cultivation: A case of study of
Nuwaraehya Pedro tea estate in Sri Lanka. Case studies Journal ISSN (2305-509x),

5(9)
Nicholls, N. (1997). Increased Australian wheat yields due to recent climate trends. Nature
387:484-485

Nicholson, S. E., Some, B. and Kone, B. (2000). An analysis of recent rainfall conditions in West
Africa, including the rainy season of the 1997 EI Nino and the 1998 La Nina years.
Journal Climate, 13: 2628-2640.

Nijamdeem, A., Zubair, H., Salih, R., Lokuhetti, R., Hadgie, T., and Randiwela, M. (2018).
Seasonal climate variability impacts tea production across tea regions in Sri Lanka.
American Geographical union

Nkomwa, E. C., Joshua, M. K., Joshua M. K., Ngongondo, C., Monjerezi, M., & Chipungu, F.
(2014). Assessing indigenous knowledge systems and climate change adaptation
strategies in agriculture: A case study of Chagaka Village, Chikhwawa, Southern
Malawi. Physics and Chemistry of the Earth, Parts A/B/C, 67-69: 164-172.
https://doi.org/10.1016/j.pce.2018.10.002

Norris, P.E. and Batie, S.S. (1987). Virginia farmers soil conservation decisions: an application of
Tobit analysis. Southern Journal of Agricultural Economics 19: 79-90.

Nowogrodzki, A. (2019). How climate change might affect tea. Nature, 566(7742): S10+.

Nyaga, S. W. (2017). University of Africa Challanges facing small scale tea farmers in Kenya: a
case study of Rukuriri smallscale tea farmers

Nyaoga, R. B., Wang, M., & Magutu, P. O. (2015). Does Capacity Utilization Mediate the
Relationship between Operations Constraint Management and Value Chain
Performance of Tea Processing Firms? Evidence from Kenya. International Strategic
Management Review, 3(1-2): 81-95. <http://doi.org/10.1016/j.ism.

Nzuma, J. M., Waithaka, M., Mulwa, R. M., Kyotalimye, M., & Nelson, G. (2010). Strategies for
adapting to climate change in Sub-Saharan Africa: A review of data sources, poverty
reduction strategy programs (PRSP) and National Adaptation Plans for Agriculture
(NAPAS) in ASARECA member countries. Retrieved from

183



http://www.adaptationlearning.net/sites/default/files/resourcefiles/IFR1%20publicati
on_2.pdf

Ochenje, I. M., Ritho, C. N., Guthiga, P. M., & Mbatia, O. L.E. (2016). Assessment of farmer’s
perception on the effects of climate change on water resources at farm level: The case
of Kakamega County, Kenya. 5" international conference of AAAE 23-26 September,
2016. United Nations Conference, Addis-Ababa, Ethiopia.

Ochieng, J. Kirimi, L. & Mathenge, M. (2016). Effects of climate variability and change on
agricultural production: The case of small-scale farmers in Kenya. NJAS- Wageningen
journal of life sciences, 77: 71-78

Ojwang’, G. O., Agatsiva, J. & Situma, C. (2010). Analysis of Climate Change and Variability
Risks in the Smallholder Sector: Case studies of the Laikipia and Narok Districts
representing major agro-ecological zones in Kenya. FAO, Kenya

Okoth, G. K. (2011). Potential response of tea production to climate change in Kericho County
(Doctoral dissertation). University of Nairobi, Nairobi.

Omambia, N. A., Shemsanga, C. & Li, Y. (2009) Combating Climate Change in Kenya: Efforts,
Challenges and Opportunities. Report and Opinion, 1(6): 12-23.

Omondi, P. A., Awange, J. Forootan, E....... Komutunga, E. (2014). Changes in temperature and
precipitation extremes over the Greater Horn of Africa Region from1961 to 2010.
International Journal of climatology 34: 1262-1277. Doi:10.1002/joc.3763

Omumbo, J. A., Lyon, B., Waweru, S. M., Connor, J. S. & Thomson, M. C. (2011). Raised
temperatures over the Kericho tea estates: revisiting the climate in the East African
highland’s malaria debate, Malaria Journal, 10: 11-23.

O’Neil, R. J. (1995). Farmer Innovation and Biological Control. Midwest Biological Control
Newsletter, 2 (3): 1-2.

Ongoma, V. & Chen, H. (2017). Temporal and spatial variability of temperature and precipitation
over East Africa from 1951-2010. Meteorol. Atmos. Phys 129:131-144

Ongoma, V., Muthama, J. N. & Gitau, W. (2013). Evaluation of urbanization influences of urban
temperature of Nairobi City Kenya. Global Meteorology 2(1): 1-5

Oremo, F. O. (2013). Small-scale Farmers’ Perceptions and Adaptation Measures to Climate
Change in Kitui County, Kenya. Unpublished MSc dissertation, University of Nairobi,
Kenya.

184


http://www.adaptationlearning.net/sites/default/files/

Oreskes, N., & Conway, E. M. (2008). Challenging knowledge: How climate science became a
victim of the cold war. Centre for philosophy of natural, social science contingency,
and dissent in science technical report 01/08.

Orindi, V. A. and Ochieng, A. (2005). Kenya Seed Fairs as a Drought Recovery Strategy. In
Kenya, 1DS Bulletin, 36, (4) 87-102. DOI: 10.1111/j.1759-5436. 2005. th00236.x
University of Nairobi, Kenya

Orindi, V. A. & Eriksen, S., (2005). Mainstreaming adaptation to climate change in the
development process in Uganda. Ecopolicy Series no. 15, African Centre for
Technology Studies, Nairobi, Kenya.

Orodho, A.J. (2009). Elements of education and social science research methods. (2" Edition),
Nairobi: Kenyatta University.

Osbahr, H & Viner, D. (2006). Linking climate change adaptation and disaster risk management
for sustainable poverty reduction. Kenya country study. A study carried out for the
Vulnerability and Adaptation Resource Group (VARG) with support from the
European Commission. Mexico City.

Otiso, C. M. (2016). Effects of Rainfall variablility on farming practice and adaptation among
households of Kisii Central Sub County. Egerton University

Oweis, T. (2014). The need for a paradigm change: agriculture in water-scarce MENA region. In:
G. Holst- Warhaft, T. Steenhuis & F. de Chatel, eds. Water scarcity, security and
democracy: A Mediterranean mosaic. Athens, Global Water Partnership
Mediterranean, Cornell University and the Atkinson Center for a Sustainable Future.

Owour P.O. Kamau, D. M., Kamunya, S.M., Msomba, S.W., Uwimana, M.A., Okal,
A.W.&Kwach P. O. (2011) Effects of Genotype, Environment and Management on
Yields and Quality of Black Tea. Agriculture Reviews 7, Doi 10.1007/978-94-007-
1521-9-10

Pandey, P., & Pandey, M.M. (2015). Research Methodology: Tools and Techniques. Romania,
European Union Retrieved January 31, 2021 from
http://euacademic.org/BookUpload/9.pdf Park

Parry, M. L, Rosenzweig, C. and Livermore, M. (2005). Climate change, global food supply and
risk of hunger. Philos. T. Roy. Soc. B, 360: 2125-2138.

185



Parry, M. L., Rosenzweig, C., Iglesias, A., Livermore, M., & Fischer, G. (2004). Effects of climate
change on global food production under SRES emissions and socio-economic
scenarios. Global Environmental Change, 14(1): 53-67.

Participatory Ecological Land Use Management Association Kenya (PELUM-K) (2010). Climate
Change Mitigation and Biodiversity Conservation. PELUM Kenya efforts. Thika,
Kenya.

Pathak, H., Aggarwal, P.K. & Singh, S.D. (2012). Climate Change Impact, Adaptation and
Mitigation in Agriculture: Methodology for Assessment and Application. New Delhi:
Indian Agricultural Research Institute.

Pathak, H. & Ladha, J. K. (2007). Improving nitrogen use efficiency: Strategies, tools management
and policy options. New Delhi.

Patino, C. M. & Ferreira, J. C. (2018). Inclusion and exclusion criteria in research studies:
definitions and why they matter. J Bras Pneumol. 44(2): 84. doi: 10.1590/S1806-
37562018000000088

Patra, P. S., Bisen, J. S., Kumar, R., Choubey, M., Basu Mazumdar, O. A., Singh, M. & Bera, B.
(2013). Effects of climate change on production of Darjeeling tea: a case study in
Darjeeling tea research and development centre. Glob. J., Agri. Health sci. 2, 174-80

Patt, A. G., & Schroeter D. (2008). Perceptions of climate risk in Mozambique: Implications for
the success of Adaptation strategies. Global environmental change 18(3) 458-467

Paulos, A. & Belay, S. (2018) Farmers’ perception of climate change and adaptation strategies
in the Dabus watershed, North-West Ethiopia

Peng S, Huang J, Sheehy J. E., et al (2004). Rice yields decline with higher nighttime
temperature from global warming. Proceedings of the National Academy of Sciences

Pereira, L. (2017). Climate change impacts on agriculture across Africa: Environmental issues
and problems, agriculture and the environment online publication. Oxford Research
Encyclopedia of Environmental Science.
doi:10.1093/acrefore/9780199389414.013.292

Perret, S. (2006). Climate change and African agriculture: Climate change and crop water use and
productivity in Kenya. Policy Note No. 35, August 2006, CEEPA.

Philpott, S.M., Lin, B.B., Jha, S. & Brines, S.J. (2008). A multi scale assessment of hurricane

impacts on agricultural landscapes based on land use and topographic features.

186


https://www.ncbi.nlm.nih.gov/pubmed/?term=Patino%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=29791550
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6044655/
https://dx.doi.org/10.1590%2FS1806-37562018000000088
https://dx.doi.org/10.1590%2FS1806-37562018000000088

Agriculture, Ecosystems & Environment (128): 12-20 Retrieved on 6/5/2020
hptts://doi.org/10-1016/j.agee.2008.04.016. Retrieved on 6/5/2020

Pittock, B. (2003). Climate change - An Australian guide to the science and potential impacts,
pp.239. Report compiled for the Australian Greenhouse Office, Canberra, Australia.
http://www.greenhouse.gov.au/science/guide/index.html

Porter, J. R., & Semenov, M. A. (2005). Crop responses to climatic variation. Philosophical
Transactions of the Royal Society B: Biological Sciences, 360(1463): 2021-2035.

Prematilake, K. G. (2014). Climate Change adaptation strategies for tea plantations. Tea Research
Institute of Sri Lanka

Pruzan, P. (2016). Research Methodology: The aims, practices and ethics of science. Springer

Przbylak, R. (2007). Recent air temperature changes in the Arctic. Annals of Glaciology, 46: 316-
324

Punia M, Nain S, Kumar A. & Pratap B (2015) Analysis of temperature variability over north-
west part of India for the period 1970— 2000. Nat Hazards 75:935-952.
doi.org/10.1007/s1106 9-014-1352-8

Raj, E. E., Ramesh, K. V. & Rajkumar, R., (2019). Modelling the impact of agrometeorological
variables on regional tea yield variability in South Indian tea- growing regions: 1981-
2015. Congent Food & Agriculture 5(1): 1581457

Rakgase, M.A., Norris, D., (2015). Determinants of livestock farmers’ perception of future
droughts and adoption of mitigating plans. Int. J. Clim. Change Strategies Manage. 7
(2): 191-205.

Rao, K. P.C., Ndegwa, W.G., Kizito, K. & Oyoo, O. (2011). Climate variability and change:
Farmer’s perception and undertaking of intra- seasonal variability in rainfall and
associated risks in semi-arid Kenya. Experimental Agriculture 47(2): 267-291

Rarieya, M., & Fortun, K. (2010). Food security and seasonal climate information: Kenyan
Challenges. Sustainability Science, 5(1): 99-114.

Rarieya, M., & Fortun, K. (2009). Food security and seasonal climate information: Kenyan
challenges. Sustainability Science, 5(1), 99-114. doi:10.1007/s11625- 009-0099-8

Rapholo, M. T. (2020). Are smallholder farmers’ perceptions of climate variability supported by
climatological evidence? Case study of semi- arid region in South Africa. Available
at https://www.emerald.com/insight/1756-8692htm

187


http://www.greenhouse.gov.au/science/guide/index.html

Recha, C.W. (2011). Climate Variability and Adaptative Capacity in Semi-Arid Tharaka District,
Kenya. START. Nairobi, Kenya.

Reij, C. and Ann Waters-Bayer (2001). Farmer innovation in Africa: A source of inspiration for
Agricultural Development

Reinsborough, J. M. (2003). A Ricardian model of climate change in Canada. Canadian journal
of Economics 36(1): 21-40

Ren, G. Y., Ding, Y. H. & Tang, G. L. (2017) An overview of mainland China
temperature change research. J. Meteor. Res., 31(1):3-16. doi: 10.1007/s13351-
017-6195-2

Resilience Policy Team - Irish Aid. (2015). Malawi Climate Action Report. Malawi

Reay, D. (2019). Climate-smart food. Edinburgh, UK

Reyer, C.P.O.; Leuzinger, S.; Rammig, A.; Wolf, A.; Bartholomeus, R.P.; Bonfante, A.; de
Lorenzi, F.; Dury, M.; Gloning, P.; Abou Jaoudé¢, R.; et al. (2013). A plant’s
perspective of extremes: Terrestrial plant responses to changing climatic variability.
Glob. Chang. Biol. 19: 75-89.

Ring, J. M., Linduer, D., Cross, F. C. & Schlesinger, (2012). Causes of global warming observed
since the 19" C. Atmosphere & climate sciences 2 (04): 401

Robinson, J. (2009). Triandis theory of interpersonal behaviour in understanding software privace
behaviour in the South African context. Master’s degree, University of the
Witwatersrand

Republic of Kenya (2016). National Climate Framework Policy. Nairobi, Ministry of environment
and Natural resources

ROK, (2004). National Policy on Disaster Management. Nairobi, Kenya

Roncoli, C., Ingram, K. & Kirshen, P. (2002). Reading the rains: Local knowledge and rainfall
forecasting in Burkina Faso. Society and natural resources 15(5): 409-427

Rowhani, P., Lobell, D. B., Linderman, M. and Ramankutty, N. (2011). Climate Variability and
crop production in Tanzania. Agricultural and forest meteorology 151: 449-460

Roy, S., Muraleedharan, N., Mukhapadhyay, A. & Handique, G. (2015). The tea mosquito bug,
Helopeltis theivora Waterhouse (Heteroptera: Miridae): Its status, biology, ecology

and management in tea plantations. Int. J. Pest Manage. 61: 179-197.

188



Ruiz Meza, L.E. (2015). Adaptive capacity of small-scale coffee farmers to climate change impacts
in the Soconusco region of Chiapas, Mexico. Climate and development, 7(2): 100-
109. DOI:10.1080/17565529.2014.900472

Rwigi, S. K., & Oteng’i, B. B. (2009). Influence of climate on tea yields in Mount Kenya region.
Journal of Meteorology and Related Sciences, 3: 3-12.

Sagero, P. O. Shisanya, C. A. & Makokha, G. L. (2018). Investigation of Rainfall VVariability over
Kenya (1950-2012). Journal of Environmental and Agricultural Sciences 14:1-15

Salick, J. & Ross, N. (2009). Traditional peoples and climate change. Global Environmental
change, 19: 137-139

Salinger, J. M. (2005). Climate Variability and change: past, present and future. An overview.
Auckland: New Zealand

Samwel, M. P., Abutto, B. A., Otieno, V.0. (2018). Assessing the Impact of Climate
Variability on Food Security in Kenya: A Case Study of Kisii County. J Earth Sci
Clim Change 9: 452. doi: 10.4172/2157-7617.1000452

Sani, S. & Chalchisa, T. (2016). Farmers’ perceptions, impacts and adaptation strategies to
climate change among smallholder farmers in Sub-Saharan Africa. A systematic
review. Assosa university, Ethiopia

Sen P. K. (1968) Estimates of the regression coefficient based on Kendall’s tau. J Am Stat Assoc
63 (324):1379-1389

Sawe, J. C., Mung’ong’o, G. and Kimaro, G. F. (2018). The impacts of climate change and
variability on crop farming systems in Semi-Arid Central Tanzania: The case of
Manyoni District in Singida Region. University of Dar es Salaam, Tanzania

Saylor, C. R., Alsharif, K. A., & Torres, H. (2017). The importance of traditional ecological
knowledge in agroecological systems in Peru. International Journal of Biodiversity
Science, Ecosystem Services and Management, 13(1): 150-161. doi:10.1080/
21513732.2017.1285814

Schepp, K. (2009). Strategy to adapt to climate change for Michimikuru tea farmers in
Kenya. AdapCC Report. Deutsche Gesellschaft fu'r Technische Zusammenarbeit
(GTZ) GmbH, Eschborn, Germany

Schlenker, W., Hanemann, W. & Fisher, A. (2005). Will U.S. Agriculture Really Benefit from
Global Warming? Accounting for Irrigation in the Hedonic Approach. The American
Economic Review, 95(1):395-406. Retrieved March 13, 2021, from

189



http://www.jstor.org/stable/4132686

Schreck, C. J. and Semazzi, F. H. M. (2004). Variability of the recent climate of Eastern
Africa. International Journal of Climatology, 24: 681-701

SEI (Stockholm Environment Institute). (2009). Economics of Climate Change Kenya, Project
Report. Retrieved 20 November, 2020 from
http://lwww.seiinternational.org/mediamanager/documents/Publications/Climate-
mitigation-adaptation/kenya-climatechange.pdf. .

Selvaraju, R., Subbiah, A.R., Baas, S., and Juergens, I. (2006). Livelihood adaptation to climate
variability and change in drought-prone areas of Bangladesh. Food and Agriculture
Organization (FAO).

Seo, S.N., Mendelsohn, R., & Munasinghe, M. (2005), Climate change and agriculture in Sri
Lanka: A Ricardian valuation. Environmental Development Economics, 10, 581-596.

Serdeczny, O., Adams, S., Baarsch, F., Coumou, D., Robinson, A., Hare, W., ... Reinhardt, J.
(2016). Climate change impacts in Sub-Saharan Africa: From physical changes to
their social repercussions. Regional Environmental Change, 15 (8): 1585

Shaw, A., Sheppard, S., Burch, S. Flander, D., Weik, A., Carmichael, J., Robinson, J. & Cohen,
S. (2009). Making local futures tangible- synthesizing, downscaling and visualizing
climate change scenarios for participatory capacity building. Global Environmental
Change, 19: 447-463

Shaw G &Wheeler D. (1985). Statistical techniques in geographical analysis. John and Wiley and
Sons: New York.

Shemsanga, C., Omambia, N. A. &Gu, Y. (2010). The cost of climate change in Tanzania: Impacts
and adaptations. Journal of American Science 6 (3): 182-196

Shimola, K. & Krishnaveni, M. (2017). Water resource vulnerability assessessment to climate
variability and change in semi-arid Basin South India. International journal of
environmental and ecological engineering 11(7): 646-658.

Shisanya, C.A., Recha, C. and Anyamba, A. (2011). Rainfall Variability and Its Impact on
Normalised Difference Vegetation Index in Arid and Semi-Arid Lands of Kenya.
International Journal of Geosciences, 2001. 2: 36-47.

Simotwo, H. K., Mikalista, M. S. & Wambua, N. B. (2018). Climate change adaptive capacity and
smallholder farming in Trans- Mara East Sub-County, Kenya. Geo environmental
disasters 5: 5. https://doi.org/10.1186/s40677-018-0096-2

190


http://www.jstor.org/stable/4132686
http://www.seiinternational.org/mediamanager/documents/Publications/Climate-mitigation-adaptation/kenya-climatechange.pdf
http://www.seiinternational.org/mediamanager/documents/Publications/Climate-mitigation-adaptation/kenya-climatechange.pdf

Skogseid, M. W., (2017). Climate Change in Kenya: A review of literature and evaluation of
temperature and precipitation data. Department of physical Geography and
Ecosystem Science, Lund University: Solvegatan; Sweden

Skoufias, E., M. Rabassa, and S. Olivieri. (2011). “Climate Change, Poverty, and
Economic Growth: A Review of the Evidence.” Unpublished manuscript, PRMPR,
World Bank, Washington, DC. accessed Mar 13 2021 from
https://www.researchgate.net/publication/227352251 The_Poverty Impacts_of Cli
mate_Change#fullTextFileContent

Slavin, R. E. (1992). Research Methods in Education, Allyn & Bacon

Sledgers, M.F.W. (2008). “If only it would rain again”. Farmers’ perception of rainfall and drought
in semi-arid Central Tanzania. Journal of Arid Environments, 72: 2106-2123.

Smith P., Bustamante, M., Ahammad, H., Clark, H., Dong, H., ...Tubiello, F. (2014). Agriculture,
Forestry and Other Land Use (AFOLU). In: O. Edenhofer, R. Pichs- Madruga, Y.
Sokona, E. Farahani, S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P.
Eickemeier, B. Kriemann, J. Savolainen, S. Schlémer, C. von Stechow, T. Zwickel &
J.C. Minx, eds. (2014). Climate Change 2014: Mitigation of climate change.
Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge, UK and New York, NY,
USA, Cambridge University Press.

Smelton, E. Quinn C.H., Antwi-Agyei P., Batisani N., Dougill AJ...... Stringer L.C. (2011).
African Farmers’ Perception of Erratic Rainfall. Centre for Climate Change
Economics and Policy Working Paper No. 73, Sustainability Research Instutite

SNV, (2011). Technology and mass —dissemination experiences from Asia. Biogas compact course
PPRE-Oldenburg University.

Somboonsuke, B., Phitthayaphinant, P, Sdoodee, S. & Kongmanee C. (2018). Farmers'
perceptions of impacts of climate variability on agriculture and adaptation strategies
in Songkhla Lake basin Kasetsart. Journal of Social Sciences vol 39(2): 277-283

Sowunmi, F.A., & Akintola, J.0. (2010). Effects of climate change variability in maize production
in Nigeria. Research Journal of Environmental and Earth Sciences, 2(1): 19-30.

Soy, W. K., Agengo, R. J. & Tibbs, C. (2009). Impact of Deforestation of the Mau Forest Complex

on the Economic Performance of the Tea industry: A case study of James Finlay (K)

191


https://www.researchgate.net/publication/227352251_The_Poverty_Impacts_of_Climate_Change#fullTextFileContent
https://www.researchgate.net/publication/227352251_The_Poverty_Impacts_of_Climate_Change#fullTextFileContent
https://www.sciencedirect.com/science/journal/24523151

Ltd Kericho, Kenya: Journal of Agriculture, Pure and Applied Science and
Technology, 6: 34-41

Squire, G.R., Callander, B. A. (1981). Tea plantations. In: Kozlowski TT (ed), Water

Deficits and Plant Growth, Vol. VI, pp.471-510. Academic Press, New York
Stephens W, Carr MKV (1991) Responses of tea (Camellia sinensis) to irrigation and
fertilizer. Rome

Stringer, L.C., Dyer, J.C., Reed, M.S., Dougill, AJ., Twyman, C., Mkwambisi, D., (2009).
Adaptations to climate change, drought and desertification: local insights to enhance
policy in Southern Africa. Environ. Sci. Policy 12: 748765

Tao, F. & Zhang, Z. (2011). Adaptation of Maize Production to Climate Change in North
Chain Plain: quantity the relative contributions of adaptation options. European
journal of Agronomy 33 (2): 103-116

Talukder, A.S.M.H.M., Mcdonald, G. K. and Gill, G.S. (2014). Effect of short-term heat stress
prior to flowering and early grain set on the grain yield of wheat. Field Crops Research
160: 54-63.

Tea Directorate, (2019). Kenya tea industry performance highlights for November 2019.
Agriculture and Food Authority.

Tea Board of Kenya, (2012). Kenya tea. Kenya: TBK

Tea Research Foundation of Kenya, TRFK, (2011). Strategic plan 2010-2015. Kenya: TBK

Teixeira, I. E., Fischer, G., van Velthuizen, H., Walter, C. &Ewert, F. (2013). Global hot-
spots of heat stress on agricultural crops due to climate change. Agricultural &

Forest Meteorology, (170): 206-215

Tenge De Graaff, J. and Hella, J.P. (2004). Social and economic factors affecting the adoption of
soil and water conservation in West Usambara Highlands, Tanzania. Land
Degradation and Development 15 (2): 99-114.

Tesso, G., Emana, B., & Ketema, M. (2012). A time-series analysis of climate variability and its
impacts on food production in North Shewa zone in Ethiopia. African Crop Science
Journal, 20(2): 261-274.

Thasfiha, J., Arachchige, U. & Dissanayaka, K. D. (2020). Sri Lanka Tea Industry. Research Gate

The National Academy of Sciences. (2009). Restructuring Federal Climate Research to

meet the challenges of climate change. available at http://www.nap.edu.

192



Thompson, B., Diamond, K. E., McWilliam, R. & Snyder, S.W. (2005). Evaluating the Quantity
of the Evidence from Correlational Research for Evidence based Practice. Exceptional
Children, 71(2): 181-184

Thornton, P. K., Ericksen, P. J., Herrero, M. & Challinor, A. J. (2014). Climate

variability and vulnerability to climate change: a review. Global Change Biology, 20(11):
3313-3328

Thornton, N. (2011). Climate Change Financing and Aid Effectiveness. Kenya Case Study. OECD/

DAC. Nairobi, Kenya.

Thornton, P., Jones, P., Owiyo, T., Kruska, R., Herrero, M., Kristjanson, P., Notenbaert,
A., N Bekele, and A Omolo. (2006). Mapping climate vulnerability and poverty in
Africa. In: Report to the Department for International Development, ILRI, PO Box
30709, Nairobi 00100, Kenya., 171. Kenya.

Touseef, M. Chen, L. Yang, K. & Chen, Y. (2020).” Long term rainfall trends and future
projections over Xijiang River Basin, China” Advance in meteorology, Vol 2020
(1D6852148): 18. doi.org/10.1155/20/6852148

Tubellio, F. N., Jean-Francois Soussana & Howden, M. S. (2007). Crop and pasture response to
climate change. PNAS 104(50): 19686-19690

Turner, N. J. & Clifton, H., (2009). “It’s so different today”: Climate change and indigenous
lifeways in British Columbia, Canada. Global Environmental Change, 19(2): 180-190

Turral, H., Burke J., Faurs, J. (2009). Food security and agricultural mitigation in developing
countries. Food and Agriculture Organization water reports. Rome: FAO

Tushara, S. C. (2015). Sri Lanka Industry Prospects and challenges. University of Kelaniya, Sri
Lanka

Ubisi, R. N., Mafongoya, P. L., Kolanisi, U. & Jiri, O. (2017). Smallholder perceived effects on
climate change on crop production and livelihood in rural Limpopo Province, South
Africa. Change and adaptation socio-ecological system. 3:27-38.
https://doi.org/10.1515/cass-2017-0003

Uitto, J. 1., Puri, J. & van den Berg, R.D. (2017). Evaluating Climate Change Action for
Sustainable Development, Springer Nature, Switzerland

UKCIP, (2004). Costing the impacts of climate change in the UK, Oxford UK

UNDP, (2002). Kenya Human Development Report. UNDP: Nairobi

193


https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Thornton%2C+Philip+K

UNEP (2010). Climate Change Adaptation and Mitigation: What organizations are doing.
Institute for Law and Environment Governance. Nairobi, Kenya.

UNEP (2008). Human vulnerability and food insecurity: Rainfall and economy in Sub Saharan
Africa. Available online at: http://maps.grida.no/go/graphic/humanvulnerability-and-
food-insecurity-rainfall-and-economy-in-Sub-saharan-africal

UNEP (2007). Global Environmental Outlook 4: Environment for Development. UNEP, Nairobi,
Kenya.

UNEP (2006). Raising Awareness on Climate Change. A Handbook for Governmental Focal
Points. United Nations Office, Nairobi.

UNFCCC, (2007). Climate change: Impacts, vulnerabilities and adaptation in developing
Countries, Bonn, Germany: United Nations Framework Convention on Climate
Change.

UNFCCC, (1992). Text of the Convention, as agreed at the United Nations Conference on
Environment and Development, Rio de Janeiro, Brazil, June 3-14.
http://unfccc.int/resource/docs/convkp/conveng.pdf..

UNICEF, (2006). Climate change in Kenya: Focus on children. UNICEF, Kenya.

United States Environment Protection Agency, (2016). Climate Indicators in the Us and
Global Precipitation. NOAA

USAID, (2017). Vulnerability, Impacts and adaptation Assessment in The East Africa Region.
Camco Advisory Services

USAID, (2018). Climate Risks Profile: Kenya. A global knowledge portal for climate and
Development practitioners

Usman, M. T. & Reason, C. J. C. (2004). Dry spell frequencies and their variability over
Southern Africa. Climate Research, 26, 199-211.

Vincent, L.A., Aguilar, E., Saindou, M., Hassane, A.F., Jumaux, G., Roy, D., Booneeady, P.,
Virasami, R., Randriamarolaza, L.Y.A., Faniriantsoa, F.R., Amelie, V., Seeward, H.,
& Montfraix, B. (2011). Observed trends in indices of daily and extreme temperature
and precipitation for the countries of the western Indian Ocean, 1961-2008. Journal
of  Geophysical Research D:  Atmospheres, 116(D10), D10108,
d0i:10.1029/2010JD015303.

194


http://unfccc.int/resource/docs/convkp/conveng.pdf

Vinyeta, K., & Lynn, K. (2013). Exploring the role of traditional ecological knowledge in climate
change initiatives. General Technical Report. PNWGTR- 879. Portl&, OR: U.S.
Department of Agriculture, Forest Service, Pacific Northwest Research Station. 37.

Vogel, C. & O’ Brien, K. (2006). Who can eat information? Examining the effectiveness of
seasonal climate forecasts and regional climate risk management strategies. Climate
research 33(1)111

Vizy, E.K. & Cook, K.H. (2012). Mid-twenty-first-century changes in extreme events over
northern and tropical Africa. Journal of Climate, 25(17), 5748-5767.

Vogel, C.&0O’ Brien, K. (2006). Who can eat information? Examining the effectiveness of seasonal
climate forecasts and regional climate-risk management strategies. Climate Resources,
33, 111-122

Vrieling, A., Jan de Leeuw & Said, M. Y. (2013). Length of growing period over Africa:
Variability and trends from 30 years of NDVI time series. Remote sens. 5, 982-1000.
doi:10.3390/rs5020982

Wachira, F. (2009). Sensitivity of Kenya's’ tea industry to climate change. Proceedings of the FAO
project on climate change and the tea sector in Kenya: Economic and social impact
assessment. Rome: FAO.

Wakachala, F., Shaka, S., Shilenje, Z. W. and Apondo, W. (2015). Statistical patterns of rainfall
variability in the Great Rift Valley of Kenya. Journal of Environmental and
Agricultural Sciences, ISSN 2313-8629

Walliman, N., (2011). Research Methods. The Basics. Routledge, USA

Wangui, K. J. (2012). Effects of climate variability on large scale coffee production in Kigutha
coffee estate in Kiambu County, Kenya (Master's dissertation). Kenyatta University.
Nairobi.

Welch, J. R., Vincent, J. R., Auffhammer, M., Moya, P. F., Dobermann, A., & Dawe, D. (2010).
Rice yields in tropical/subtropical Asia exhibit large but opposing sensitivities to
minimum and maximum temperatures. Proceedings of the National Academy of
Sciences, 107(33), 14562-14567.

Wenyan H., Xin Li, Peng Y., Liping Z. and Golam J. A. (2018). Tea cultivation under changing
climatic conditions. Tea Research Institute of the Chinese Academy of Agricultural
Sciences (TRI, CAAS), China

195



Were, E., Jessica, R., & Swallow, B. (2006). Local organization and gender in water management:
A case from the Kenya Highlands. Journal of International Development 20(1) 69-81.

Whitley, B. E. (2002). Principals of Research and Behavioral Science, Boston, McGraw-Hill

Wickama, J. M and J. G. Mowo. (2001). Using local resources to improve soil fertility in
Tanzania. IIED Managing Africa’s soils No. 21.

Wijeratne, M.A. (2014). Vulnerability of Sri Lanka Tea Production to Global Climate Change.
Water Air and Soil Pollution, 92(1), 87-94.

Wijeratne, M. A., Anandacoomaraswamy, A., Amarathunga, M., & Ratnasiri, J. (2011).
Assessment of impact of climate change on productivity of tea (Camellia sinensis L.)
plantations in Sri Lanka, Journal of the National Foundation of Sri Lanka 35(2).

Wijeratne, M. A., Anandacoomaraswamy, A., Amarathunga, M.K.S.L.D., Janaka, R., Basnayake,
B.R.S.B., & Kalra, N. (2007). Assessment of impact of climate change on productivity
of tea (Camellia sinensis L.) plantations in Sri Lanka. Natn. Sci, Foundation Sri Lanka
2007 35(2): 119-126

Wijeratne M.A. & Fordham R. (1996). Effect of environmental factors on growth and yield of tea
(Camellia sinensis L.) in the low country wet zone of Sri Lanka. Sri Lanka Journal of
the Tea Science, 64,21-34.

Wilcox, R. (2001). Fundamentals of Modern Statistical Methods: Substantially Improving Power
and Accuracy. Springer Science and Business Media

Williams, A. P., Funk, C., Michaelsen, J., Rauscher, S. A., Robertson, I., Wils T.H.G,,
Koporowski, M., Esthetu, Z., et al. (2012). Recent summer precipitation trends in the
Greater Horn of Africa and the emerging role of the Indian Ocean Sea surface
temperature. Climate Dynamics, 39: 2307-2328

Willson, K. C. (1992). Field Operations: 1. In K. C. Willson (Ed.), Tea: cultivation to
consumption (1% Ed, pp. 201-226). London: Chapman & Hall.

WMO, (2019). WMO provisional statement on the state of the global climate in 2019. WMO

WMO, (2018). The WMO statement on the state of the Global Climate 2018. 25™ anniversary
Edition. WMO

Wood, S. A, Jina A. S., Jain, M. Kristjanson, P. & DeFries, R. S. (2014). Smallholder farmer
cropping decisions related to climate variability across multiple regions. Global
Environmental Change 25 (2014) 163-172. www.elsevier.com /locate/gloenvcha

World Bank Group, (2020). Climate country profile, Kenya. Washington, DC
196



www.worldbank.org

World Bank, (2016). Feminization of agriculture in the context of rural transformations: what is
the evidence? Washington, D.C.
World Bank, (2014). Climate Knowledge Portal. https://crudata.uea.ac.uk/cru/data/hrg Ixchel M.,
Hernandez-Ochoa, Diego Notello L. P., Matthew R....& Senthold, A. (2019).
Adapting irrigated and rainfed wheat to climate change in semi-arid environments:
Management, breeding options and land use change, European Journal of Agronomy,
Volume 109, 125915, ISSN 1161-0301, https://doi.org/10.1016/j.eja.2019.125915
Yamane, T. (1967). Statistics: An Introductory Analysis, (2" Ed). New York: Harper and Row.
Yamba, S., Appiah, O. D. & Siaw, P. L. (2019). Smallholder farmers’ perception and adaptive
response to climate variability and climate change in Southern rural Ghana. Congent
social sciences, 5:1646626. https://doi.org/10.1080/23311886.2019.1646626
Yang, Y. (2015). Chinese Tea Cultivation; Shanghai Scientific & Technical Publishers:
Shanghai, China.
Yue, S., Pilon, P., & G. Cavadias, G. (2002) "Power of the Mann—Kendall and Spearman's rho
tests for detecting monotonic trends in hydrological series,” Journal of Hydrology,
259: 254-271.
Zongmao, C. (2010). Development of Tea Industry in China. Tea Research institute, CAAS
Zizinga, A., Kangalawe, R. Y. M., Ainslie, A., Tenywa, M. M., Majaliwa, J., Saronga, N. J., &
Amoako, E. E. (2017). Analysis of farmer’s choices for climate change adaptation
practices in South-Western Uganda, 1980-2009. Climate, 5(4): 89. doi:10.3390/
cli5040089

197


https://crudata.uea.ac.uk/cru/data/hrg
https://doi.org/10.1016/j.eja.2019.125915

APPENDICES

APPENDIX I: RESEARCH PERMIT

o
(Y

=

o
NATIONAL COMMISSION FOR
SCIENCE,TECHNOLOGY & INNOVATION

REPUBLIC OF KENYA

Ref No: 742389 Date of Issue: 05/October/2020

RESEARCH LICENSE

This is to Certify that Ms.. Norah Moige Nyaiyo of Kisii University, has been licensed to conduct research in Kisii on the topic:
CLIMATE VARIABILITY AND ITS EFFECTS ON SMALL- SCALE TEA (CAMELLIA SINENSIS) PRODUCTION IN KISII
COUNTY, KENYA for the period ending : 05/Octobe1/2021.

License No: NACOSTI/P/20/7001

AL
742389 VNG

Applicant Identification Number Director General
NATIONAL COMMISSION FOR
SCIENCE,TECHNOLOGY &
INNOVATION

Verification QR Code

NOTE: This is a computer generated License. To verify the authenticity of this document,
Scan the QR Code using QR scanner application.

198




APPENDIX I1: AUTHORIZATION FROM THE COUNTY COMMISSIONER AND
e COUNTY-EDUCATION ey '

soay

= ,‘, Ay, o) . i
R}:m-‘e‘n IC OF KENYA # NATIONAL COMAMISSION FOR
SCIENCE TECHNOLOGY & INNOVATION

Ref No: 742389 Date of Issue: 05/0ctober/2020

RESEARCH LICENSE

. This is to Certify that Ms.. Norah Moige Nyaiyo of Kisii University, has been licensed to conduct research in Kisii on the topic:
| CLIMATE VARIABILITY AND ITS EFFECTS ON SMALL- SCALE TEA (CAMELLIA SINENSIS) PRODUCTION IN KISII
COUNTY, KENYA for the period ending : 05/October/2021.

License No: NACOSTL/P/20/7001

742389

i i
' Applicant Identification Number Director General {
¥ NATIONAL COMMISSION FOR 1

; SCIENCE,TECHNOLOGY &

INNOVATION
?
a Verification QR Code

NOTE: This is a computer generated License. To verify the authenticity of this document.
Scan the QR Code using QR scanner application.

199



APPENDIX I11: AUTHORIZATION BY THE UNIVERSITY FOR RESEARCH PERMIT

3 "QNSMV:IA‘(; 7 .
Telephone: +254 773452323 P O BOX 408 - 40200
Facsimile: +254 020 2491131 KISII
Email: research@kisiiuniversity.ac.ke www.Kisiiuniversity.ac.ke

OFFICE OF THE REGISTRAR RESEARCH AND EXTENSION

KSU/R&E/ 03/5/vol.1/487 Date: 22d September, 2020

The Head, Research Coordination

National Council for Science, Technology and Innovation (NACOSTI)
Utalii House, 8t: Floor, Uhuru Highway

P. O. Box 30623 - 00100

NAIROBI - KENYA.

Dear Sir/Madam
RE: NYAIYO MOIGE NORAH REG. NO. DAS18/60528/15

The above mentioned is a student of Kisii University currently pursuing
Doctorate of Philosophy (PhD) in Geography in the School of Arts and Social
Sciences. The topic of her research is, “Climate Variability and its Effects
on Small- Scale Tea (Camellia Sinensis) Production in Kisii County,

Kenya”.

We are kindly requesting for assistance in acquiring a research permit to
enable her carry out the research.

Thank you.

Registrar, Research and Ex
Cc: DVC (ASA)

Registrar (AA)

Director SPGS

200



APPENDIX IV: SAMPLE SIZE CALCULATION

Sample size for 5%, +7% and £10% Precision Levels Where Confidence Level is 95% and

P=.5, by Yamane, 1967

Population size 5% 7% 10%
500 222 145 83
600 240 152 86
700 255 158 88
800 261 163 89
900 277 166 90
1000 286 169 91
2000 333 185 95
3000 353 191 97
4000 364 194 98
5000 370 196 98
6000 375 197 98
7000 378 198 99
8000 381 199 99
9000 383 200 99
10000 385 200 99
15000 390 201 99
20000 392 204 100
25000 394 204 100
50000 397 204 100
100000 398 204 100
Above 100000 400 204 100
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APPENDIX V: FARMER’S QUESTIONNAIRE

My Name is Norah Moige Nyaiyo from Kisii University. | am conducting a research

on CLIMATE VARIABILITY AND ITS EFFECTS ON SMALL-SCALE TEA
PRODUCTION IN COUNTY, KENYA. This research is purely for academic purposes. |
kindly request for your cooperation as you answer the questions with honesty. The information
you give shall be treated confidentially and will only be used for academic reasons. |
appreciate for taking your time to answer his questions.

1. Demographic information

1) Factory----------momommme e

i) No basic education [ JLevel of education [ ] Primary [ ] Secondary [ ] College [ ]
University
Iv) Age bracket in years: [ ] 25-35[ ] 36-45 [ ] 46-55 [ ] Over 55
V)Size of land under tea cultivation ....................ocooiiiiii.l
vi)For how long have you planted tea [ ] Below 10 yrs [ ] 10-20yrs [ ] 20-30yrs [ ] 30-40yrs
[ ] Over 50yrs)
2. Knowledge on temperature and rainfall trends
a) Please circle the number from 1 to 5 that you feel best represents your knowledge on
temperature and rainfall variations

1. Minimal knowledge

2. Some knowledge

3. Extensive knowledge
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4. Expert knowledge

b) Has there been changes in temperature on your tea farm for the last ten years?
[1Yes[]No

If yes, which months of the year--------------=----mcm s

c) Has there been changes in rainfall on your tea farm for the past ten years?
[1Yes[]No

If yes, which season?

[ 1 March, April and May (long rains) [ ] October, November and December (short rains)
[ ] both [ ] all the year

3. Effect of rainfall and temperature variation on tea production

i) Effect of rainfall variability on tea production

To what extent do you agree the following statements on rainfall variability and tea

production? (Key; 1=strongly agree, 2= agree, 3= disagree, 4= strongly disagree)

Statements 1 2 3

Heavy rainfall destroys tea clones

Scanty rainfall reduces tea yields

Rainfall changes affects soil water availability to

tea clones

Rainfall changes affects farmer’s decision on

when to apply fertilizers.

Heavy rainfall causes erosion of top soil and

washes away available fertilizer
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Hailstones destroy the tea leaves and reduces tea

yields drastically

Frostbites reduces tea yields and production

significantly

Rainfall changes leads to emergence of pest which

were never experienced before.

i) Effect of temperature variability on tea production

To what extent do you agree the following statements on temperature variability and tea

production? (Key; 1=strongly agree, 2= agree, 3= disagree, 4= strongly disagree)

High temperatures cause high water/ moisture loss

which leads to reduced yields

Cold conditions damages tea leaves and roots leading to
low productivity

Hot conditions may add heat stress, increase pest
infestation and disease prevalence thus reducing both
quality and quantity of tea leaves

High temperatures cause high evaporation from the soil

leading to stunted growth, hence reduced yields

High temperatures leads to wilting and drying of tea
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4. Indicators that justify farmers’ perception of temperature rainfall variability

(Key; 1=strongly agree, 2= agree, 3= disagree, 4= strongly disagree)

Indicators of temperature variation

Longest months with high day time temperatures

Frequent occurrence of heat induced crop pest and

diseases

Frequent occurrence of heat induced animal diseases

Disappearance/ reduction of water sources/ points due

to high evaporation

Planting drought resistant crops

Frost that affects crop leaves
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Indicators of rainfall variability

Short rainy season

Change of planting date to onset of rainfall

Early onset of rainy season

Early exit of rainy season

Unpredictable rainfall amounts

Rainfall delays

Crop failure due droughts

Change of planting and harvesting seasons

5. Management and adaptive practices

i) How often do apply fertilizers? Once a year [ ] Twice a year [ ] more than twice [ ]

Not sure [ ]

ii)What type of fertilizers do use?

[ ] Artificial [ ] Organic [ ] Both [ ] None

iii) In what months of the year do you apply these fertilizers?

[JJan[]JFeb[]March[]April[J]May[]Jdun[]July[]Aug[]Sept[]Oct[]Nov []

Dec
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iv) How does the use of fertilizers influence your tea production?

[ ] Increase [ ] Decrease [ ] No difference

v)How often do you control weeds pests and diseases?

[ 1 Monthly [ ] When they appear [] Twice ayear [] Never

vi)Which of the following practices have you employed in your farm to adapt toclimate

variability. Tick appropriately. Use ( No or Yes)

FARMING PRACTICE YES NO

Planting of trees to act as wind breakers

Harvesting rain water to be used during the dry season

Soil conservation method such as mulching

Digging furrows to retain surface run off water

Planting many crops on the same piece of land

Maintaining soil fertility by using both artificial and farm yard
manure

Use of drought resistant crops

Use of pesticides and herbicides to control pests and weeds
respectively

Insuring your tea crop

Thank you
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APPENDIX VI: INTERVIEW SCHEDULE FOR FIELD SERVICE COORDINATOR

My Name is Norah Moige Nyaiyo from Kisii University. I’'m conducting a research on
CLIMATE VARIABILITY AND ITS EFFECTS ON SMALL- SCALE TEA
PRODUCTION IN KISII COUNTY, KENYA. This research is purely for academic
purposes. | kindly request for your cooperation as you answer the questions with honesty.
The information you give shall be treated with a lot of confidentially. I appreciate for taking

your time to answer these questions. Tick where possible and give details where required

From your own observation, has there been changes in temperature and rainfall in the tea
growing areas? [ ] Yes [ ] No

If yes give details -------=-=mnmmmm oo e s

Has rainfall variation affect tea yields? [ JYes [ ] NO

[T yeS, HOW -mmmmmme oo oo e e e s
Which months of the year -------=-=-=-=-m-m e

Has temperature variations affected tea yields? [ ] Yes [ ] No

If yeS, HOW -m-mmm oo oo oo
Which months of the year -------=-----==-mm oo

. Are there pests that have affect the tea clones? [ ] Yes [ ] No

If yeS, WNICH ONES, 2= mm e e e e

WHhICh SBASON === mmmm e oo oo e e e

. Are there diseases that have affect the tea clones? [ ] Yes [ ] No
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6. If yes, which ones, ----------=mmmm e e

Thank you
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APPENDIX VII: ANALYSIS OUTPUT

Significance level (%): 5

Continuity correction: Yes

Confidence interval (%) (Sen's slope): 95

Summary statistics: Temperature

Observati Obs. With Obs. Std.
Variable Ons missing  Without Minimum Maximum  Mean deviation
JAN 25 0 25 19.800 22.900 21.302 0.640
FEB 25 0 25 20.300 23.500 21.996 0.801
MAR 25 0 25 19.900 23.100 21.582 0.846
APR 25 0 25 19.750 22.400 20.722 0.649
MAY 25 0 25 19.950 21.400 20.522 0.351
JUN 25 0 25 14.700 20.900 19.550 1.629
JUL 25 0 25 14.700 20.700 19.678 1.135
AUG 25 0 25 15.200 24.900 20.130 1.437
SEP 25 0 25 20.250 21.950 20.794 0.371
OCT 25 0 25 19.800 25.000 20.892 0.950
NOV 25 0 25 19.550 20.800 20.276 0.333
DEC 25 0 25 15.400 21.850 20.406 1.185
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Mann-Kendall Trend Test/ Two-Tailed Test (JAN):

Kendall's t 0.342
S 102.000
Var(S)1829.333
p-value (T 0.018
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is lower than the significance level alpha=0.05, one should reject the null
hypothesis HO, and accept the alternative hypothesis Ha.

The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value Bound Bound
(95%) (95%)
Slope 0.041 0.010 0.071
Intercept -61.863] -121.258 1.210
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Mann-Kendall trend test / Two-tailed test (FEB):

Kendall's t 0.208
S 62.000
Var(S)1829.333
p-value (T 0.154
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null

hypothesis HO.

The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.
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Sen's slope:

Lower Upper

Value Bound Bound
(95%) (95%)
Slope 0.039 -0.013 0.086
Intercept -56.239  -150.093 47.140
FEB

24

235

FEB

1995 2000 2005 2010 2015

Year

Sen's slope
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Mann-Kendall trend test / Two-tailed test (MAR):

Kendall's t 0.232
S 69.000
Var(S)1828.333
p-value (T 0.112
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen’s slope:
Lower Upper
Value  Bound Bound
(95%) (95%)
Slope 0.050 -0.012 0.078
46.737
Intercept -78.750  -134.389
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Mann-Kendall trend test / Two-tailed test (APR):

Kendall's t 0.020
S 6.000
Var(S) 1829.333
p-value (T 0.907
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value bound bound
(95%) (95%)
Slope 0.000 -0.027 0.036
Intercept 20.550 -50.979 74.519
APR
237
225 . )
22 1 f’ \‘\ ‘./?I\ \ ;’R‘
[\ f)“ 9] "\I !i" \\
\ \ / \
/ \
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- |
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Mann-Kendall trend test / Two-tailed test (MAY):

Kendall's t 0.106
S 31.000
Var(S)1817.000
p-value (T 0.482
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value bound bound
(95%) (95%)
Slope 0.015 -0.008 0.032
Intercept -9.885 -43.932 37.150
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Mann-Kendall trend test / Two-tailed test (JUN):

Kendall's t 0.088
S 26.000
Var(S)1824.667
p-value (T 0.558
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.
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Sen's slope:

Lower Upper

Value bound bound

(95%)  (95%)

Slope 0.009 -0.018 0.037
Intercept 2.318 -53.395 56.441
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Mann-Kendall trend test / Two-tailed test (JUL):

Kendall's t 0.397
S 118.000
Var(S)1826.667
p-value (T 0.006
Alpha 0.05

An approximation has been used to compute the p-value.
Test interpretation:

HO: There is no trend in the series
Ha: There is a trend in the series

As the computed p-value is lower than the significance level alpha=0.05, one should reject the null
hypothesis HO, and accept the alternative hypothesis Ha.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value Bound Bound
(95%) (95%)
Slope 0.044 0.012 0.070
Intercept -68.668| -120.560 -5.262
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Mann-Kendall trend test / Two-tailed test (AUG):

Kendall's t 0.234
S 69.000
Var(S)1823.667
p-value (T 0.111
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series
Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value bound bound
(95%) (95%)
Slope 0.017 -0.003 0.044
Intercept -13.317 -68.939 26.406
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Mann-Kendall trend test / Two-tailed test (SEP):

Kendall's t 0.115
S 34.000
Var(S)1822.000

p-value (T 0.439
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:

Lower

Value

(95%)

bound

Upper
bound

(95%)

Slope

Intercept

0.009
3.003
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Mann-Kendall trend test / Two-tailed test (OCT):

Kendall's t 0.037
S 11.000
Var(S)1823.000
p-value (T 0.815
Alpha 0.05

An approximation has been used to compute the p-value.
Test interpretation:

HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null

hypothesis HO.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value bound bound
(95%) (95%)
Slope 0.003 -0.031 0.029
Intercept 14.516 -36.521 83.394
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Mann-Kendall trend test / Two-tailed test (NOV):

Kendall's t -0.075
S -22.000
Var(S)1820.000
p-value (T 0.623
Alpha 0.05

An approximation has been used to compute the p-value.
Test interpretation:

HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null

hypothesis HO.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value bound bound
(95%) (95%)
Slope -0.004 -0.019 0.014
Intercept 27.511 -8.386 57.981
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Mann-Kendall trend test / Two-tailed test (DEC):

Kendall's t -0.054
S -16.000
Var(S)1826.667
p-value (T 0.726
Alpha 0.05

An approximation has been used to compute the p-value.
Test interpretation:

HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null

hypothesis HO.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Value bound bound
(95%) (95%)
Slope -0.005 -0.044 0.033
Intercept 30.530 -46.433  108.281
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Significance level (%): 5

Continuity correction: Yes

Confidence interval (%)(Sen's slope): 95

Summary statistics: Rainfall

Variable Observati  Obs. with Obs. Minimum Maximum  Mean Std.
Ons missing without deviation
JAN 25 0 25 6.400 281.000 102.488 72.077
FEB 25 0 25 5900 218.400  80.292  49.897
MAR 25 0 25 81.200 364.600 194.704 84.666
APR 25 0 25 139.200 399.600 261.656 63.181
MAY 25 0 25 118.500  388.600 265.796  65.978
JUN 25 0 25 94.400 267.700 165.796  47.462
JUL 25 0 25 33.300 220.600 101.660  40.564
AUG 25 0 25 66.700  414.600 190.124 85.182
SEP 25 0 25 31.100 299.400 187.864  68.142
OCT 25 0 25 65.900 390.000 196.316 78.362
NOV 25 0 25 97.500 345.900 203.500 76.297
DEC 25 0 25 32.000 365.800 163.039 95.210
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Mann-Kendall trend test / Two-tailed test (JAN):

Kendall's t -0.333
S -100.000
Var(S)1833.333

p-value (T 0.021
Alpha 0.05

An approximation has been used to compute the p-value.
Test interpretation:

HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is lower than the significance level alpha=0.05, one should reject the null

hypothesis HO, and accept the alternative hypothesis Ha.

The continuity correction has been applied.
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Sen's slope:

Lower Upper
Observation Value bound bound

(95%) (95%)
Slope -3.415 -8.225 -0.682
Intercept 6941.802 1457.827] 16625.325
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Mann-Kendall trend test / Two-tailed test (FEB):

Kendall's t -0.277
S -83.000
Var(S)1832.333

p-value (T 0.055
alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:

HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.
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Sen's slope:

Lower Upper
Observatio Value bound Bound
(95%) (95%)
Slope -1.972 -3.580 -0.153
Intercept 4025.995 371.913 7257.060
FEB
2507
200
150
W w o
100
50
0
1995 2000 2005 2010 2015
Year
Sen's slope

236




Mann-Kendall trend test / Two-tailed test (MAR):

Kendall's t -0.110
S -33.000
Var(S)1832.333

p-value (T 0.455
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.
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Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Observatio Value bound Bound
(95%) (95%)
Slope -1.191 -7.150 3.438
Intercept 2566.421 -6715.315  14530.450
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Mann-Kendall trend test / Two-tailed test (APR):

Kendall's t 0.127
S 38.000
Var(S)1833.333

p-value (T 0.388
alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.
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The continuity correction has been applied.

Sen's slope:

Lower Upper
Observatio Value bound Bound
(95%) (95%)
Slope 1.598 -2.532 5.257
Intercept -2966.375 -10278.371 5333.074
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Mann-Kendall trend test / Two-tailed test (MAY):

Kendall's t -0.093
S -28.000
Var(S)1833.333

p-value (T 0.528
alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.
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The continuity correction has been applied.

Sen's slope:

Lower Upper
Observatio Value bound Bound
(95%) (95%)
Slope -1.417 -6.117 2.800
Intercept 3090.250 -5357.200 12544.733
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Mann-Kendall trend test / Two-tailed test (JUN):

Kendall's t -0.100
S -30.000
Var(S)1833.333

p-value (T 0.498
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower Upper
Observatio Value Bound Bound
(95%) (95%)
Slope -1.259 -3.700 1.290
Intercept 2690.486 -2422.810 7578.700
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Mann-Kendall trend test / Two-tailed test (JUL):

Kendall's t -0.250
S -75.000
Var(S)1832.333

p-value (T 0.084
alpha 0.05

An approximation has been used to compute the p-value.
Test interpretation:

HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null

hypothesis HO.
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The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Observatio Value Bound Bound
(95%) (95%)
Slope -1.724 -3.440 0.168
Intercept 3558.410 -239.114 6996.320
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Mann-Kendall trend test / Two-tailed test (AUG):

Kendall's t 0.180

S 54.000
Var(S)1833.333

p-value (T 0.216
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series
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As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Sen's slope:
Lower Upper
Observatio Value Bound Bound
(95%) (95%)
Slope 2.468 -1.956 7.200
4108.767
Intercept -4763.040 -14263.500
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Mann-Kendall trend test / Two-tailed test (SEP):

Kendall's t 0.180
S 54.000
Var(S)1833.333

p-value (T 0.216
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series
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As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Sen's slope:
Lower Upper
Observatio Value Bound bound
(95%) (95%)
Slope 1.542 -1.094 7.082
Intercept -2908.392 -14023.259 2381.900
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Mann-Kendall trend test / Two-tailed test (OCT):

Kendall's t 0.144
S 43.000
Var(S)1832.333

p-value (T 0.327
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series
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As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Ties have been detected in the data and the appropriate corrections have been applied.

Sen's slope:
Lower Upper
Observatio Value Bound bound
(95%) (95%)
Slope 2.141 -2.350 6.419
Intercept -4090.041 -12694.300 4935.050
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Mann-Kendall trend test / Two-tailed test (NOV):

Kendall's t 0.040
S 12.000
Var(S)1833.333

p-value (T 0.797
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
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HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Sen's slope:
Lower Upper
Observatio Value Bound bound
(95%) (95%)
Slope 0.399 -4.675 5.250
Intercept -588.999 -10350.150 9571.875
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Mann-Kendall trend test / Two-tailed test (DEC):

Kendall's t 0.160
S 48.000
Var(S)1833.333

p-value (T 0.272
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
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HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.

The continuity correction has been applied.

Sen's slope:
Lower Upper
Observatio Value Bound bound
(95%) (95%)
Slope 3.581 -2.722 9.017
Intercept -7028.740 -17934.100 5595.356
DEC
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Significance level (%): 5

Continuity correction: Yes

Confidence interval (%)(Sen's slope): 95

Summary statistics: Tea yields

Obs. with Obs. Without
Variable Observations Minimum  Maximum  Mean

missing data missing data
JAN 24 0 24 818230 2479729 1489435
FEB 24 0 24 555111 1861106 1166913
MAR 24 0 24 553069 2200712 1273408
APR 24 0 24 560630 6143035 1707435
MAY 24 0 24 543107 2009050 1399727
JUN 24 0 24 887020 2028533 1326072
JUL 24 0 24 55554 1691681 1074032
AUG 24 0 24 96572 1704485 1081345
SEP 24 0 24 5503 1818409 1047361
OCT 24 0 24 610058 2097759 1347281
NOV 24 0 24 775880 2025755 1292304
DEC 24 0 24 203946 2029999 1400280

Mann-Kendall trend test / Two-tailed test (JAN):

Kendall's t -0.261
S -72.000
Var(S) 1625.333
p-value (T 0.078
Alpha 0.05

An approximation has been used to compute the p-value.
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Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.

The continuity correction has been applied.
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Sen's slope:

Lower bound Upper bound
Value
(95%) (95%)
Slope -22380.262 -46968.929 7068.286

Intercept 46459201.100

16861896.008 71191384.722
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Mann-Kendall trend test / Two-tailed test (FEB):

Kendall's t -0.355
S -98.000
Var(S) 1625.333
p-value (T 0.016
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:

HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is lower than the significance level alpha=0.05,

one should reject the null hypothesis HO, and accept the alternative hypothesis Ha.
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The continuity correction has been applied.

Sen's slope:

Value

Lower bound

(95%)

Upper bound

(95%)

Slope

-29234.756
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Intercept

59843740.628

33804907.897

86988050.669

200000
0

180000
0

FEB

160000
0

120000

LL

140000 |
0,
0 L.
£21000000 |
800000 |
600000
400000 |
200000 |

0

1996

2001

2006

Year

2011 2016

Sen's slope

261




Mann-Kendall trend test / Two-tailed test (MAR):

Kendall's t -0.290
S -80.000
Var(S) 1625.333
p-value (T 0.050
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower bound|  Upper bound
Value
(95%) (95%)
Slope -25389.659 -50787.360 -844.077
Intercept 52246584.822| 27540098.194 77748888.989
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Mann-Kendall trend test / Two-tailed test (APR):

Kendall's t -0.232
S -64.000
Var(S) 1625.333
p-value (T 0.118
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series
Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower bound Upper bound
Value
(95%) (95%)
Slope -31748.521 -62380.429 9352.500

Intercept 65357405.719 23987294.500 96045739.000
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Mann-Kendall trend test / Two-tailed test (MAY):

Kendall's t -0.181
S -50.000
Var(S) 1625.333
p-value (T 0.224
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower bound Upper bound
Value
(95%) (95%)
Slope -16767.388 -37990.500 11663.000

Intercept 35143831.101 6514430.289 56467053.289
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Mann-Kendall trend test / Two-tailed test (JUN):

Kendall's t -0.399
S -110.000
Var(S) 1625.333
p-value (T 0.007
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is lower than the significance level alpha=0.05, one should reject
the null hypothesis HO, and accept the alternative hypothesis Ha.
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The continuity correction has been applied.

Sen's slope:
Lower bound|  Upper bound
Value
(95%) (95%)
Slope -32263.969 -47713.921 -7589.183
Intercept 66105402.688] 41290236.592| 81605419.121
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Mann-Kendall trend test / Two-tailed test (JUL):

Kendall's t -0.290
S -80.000
Var(S) 1625.333
p-value (T 0.050
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.
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The continuity correction has been applied.

Sen's slope:

Lower bound|  Upper bound
Value

(95%) (95%)

Slope

-20352.267, -41988.381 -903.000

Intercept
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Mann-Kendall trend test / Two-tailed test (AUG):

Kendall's t -0.283
S -78.000
Var(S) 1625.333
p-value (T 0.056
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower bound Upper bound
Value
(95%) (95%)
Slope -16344.204 -40120.250 53.833
Intercept 33839654.809 17366587.879 57772623.671
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Mann-Kendall trend test / Two-tailed test (SEP):

Kendall's t -0.072
S -20.000
Var(S) 1625.333
p-value (T 0.637
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower bound  Upper bound
Value
(95%) (95%)
Slope -6245.965 -26714.450 13341.411

Intercept 13607539.865 -6107017.807 34172467.026
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0
1996 2001 2006 2011 2016

— Year

Sen's slope

275



Mann-Kendall trend test / Two-tailed test (OCT):

Kendall's t -0.239
S -66.000
Var(S) 1625.333
p-value (T 0.107
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one
cannot reject the null hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower bound  Upper bound
Value
(95%) (95%)
Slope -17215.525 -44676.818 5089.929

Intercept 35929102.213  13545466.238 63477505
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0
200
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Mann-Kendall trend test / Two-tailed test (NOV):

Kendall's t -0.181
S -50.000
Var(S) 1625.333
p-value (T 0.224
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is greater than the significance level alpha=0.05, one cannot reject the null
hypothesis HO.
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The continuity correction has been applied.

Sen's slope:
Lower bound Upper bound
Value
(95%) (95%)
Slope -14376.601 -38087.083 5819.421
Intercept 30103905.601 9801563.390 54002794.434
NOV
2500000
2000000 | Q
1500000 | |
1000000 ©
500000 |
0
1996 2001 2006 2011 2016
— Year
Sen's slope
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Mann-Kendall trend test / Two-tailed test (DEC):

Kendall's t -0.326
S -90.000
Var(S) 1625.333
p-value (T 0.027
Alpha 0.05

An approximation has been used to compute the p-value.

Test interpretation:
HO: There is no trend in the series

Ha: There is a trend in the series

As the computed p-value is lower than the significance level alpha=0.05, one should reject
the null hypothesis HO, and accept the alternative hypothesis Ha.
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The continuity correction has been applied.

Sen's slope:
Lower bound|  Upper bound
Value
(95%) (95%)
Slope -17108.786 -32984.789 -3716.083
Intercept 35798166.071 22332140.845( 51717487.152
DEC
Sen's slope
2500000 -
2000000 o
1500000
owo g =1 Y
1000000 '.‘
500000 'w”.-‘
o
0
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—  Year
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Type of correlation: Pearson

Summary statistics (Quantitative data):

Variable  Observati  Obs. with Obs. Minimum Maximum Mean Std.
ons missing  without deviation
Prod_D1 24 0 24 753818.800 1942796.000 1199535.379 406416.617
Rainfall_D 24 0 24 58.450 222.700 135.577 48.487
Temp_D1 24 0 24 20.625 22.925 21.819 0.631

Correlation matrix (Pearson):

Variables Prod D1 Rainfall_D Temp D1
1
Prod_D1 1 0.110 -0.178
Rainfall_D 0.110 1 -0.480
Temp_D1 -0.178 -0.480 1

Values in bold are different from 0 with a significance level alpha=0.05

p-values (Pearson):

Variables Prod D1 Rainfall. D Temp D1
1
Prod_D1 0 0.609 0.406
Rainfall_D 0.609 0 0.018
Temp_D1 0.406 0.018 0
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Coefficients of determination (Pearson):

Variables Prod_D1 Rainfall. D Temp D1

1
Prod_D1 1 0.012 0.032
Rainfall_D 0.012 1 0.231
Temp_D1 0.032 0.231 1
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Type of correlation: Pearson

Summary statistics (Quantitative data):

Observati Obs. with Obs. Std.
Variable Ons missing data ~ without ~ Minimum  Maximum Mean deviation
Prod_D2 24 0 24 513550.7  1720814.0 1158662.4  301330.3
Rainfall_D2 24 0 24 101.8 365.1 193.5 55.9
Temp_D2 24 0 24 18.4 22.0 20.6 0.6

Correlation matrix (Pearson):

Variables Prod_D2 Rainfall_D2 Temp_D2

Prod_D2 1 -0.272 0.051
Rainfall_D2 -0.272 1 -0.162
Temp_D2 0.051 -0.162 1

Values in bold are different from 0 with a significance level alpha=0.05

p-values (Pearson):

Variables Prod_D2 Rainfall_D2 Temp_D2

Prod_D2 0 0.199 0.812
Rainfall_D2 0.199 0 0.449
Temp_D2 0.812 0.449 0
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Coefficients of determination (Pearson):

Variables Prod_D2 Rainfall_D2 Temp_D2
Prod_D2 1 0.074 0.003
Rainfall_D2 0.074 1 0.026
Temp_D2 0.003 0.026 1
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Type of correlation: Pearson

Summary statistics (Quantitative data):

Variable  Observati  Obs. with Obs. Minimum Maximum Mean Std.
ons missing  without deviation
Prod_R1 24 0 24 993192.600 2051352.000 1387682.983 270555.256
Rainfall_R 24 0 24 61.467 273.900 157.695 65.390
Temp_R1 24 0 24 18.617 21.600 20.667 0.570

Correlation matrix (Pearson):

Variables Prod_R1 Rainfal_R Temp_R1

1
Prod_R1 1 0.138 -0.343
Rainfall_R 0.138 1 -0.318
Temp_R1 -0.343 -0.318 1

Values in bold are different from 0 with a significance level alpha=0.05

p-values (Pearson):

Variables Prod R1 Rainfall R Temp R1

1
Prod_R1 0 0.521 0.100
Rainfall_R 0.521 0 0.130
Temp_R1 0.100 0.130 0
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Coefficients of determination (Pearson):

Variables Prod_R1 Rainfall R Temp_R1

1

Prod_R1 1 0.019 0.118
Rainfall_R 0.019 1 0.101
Temp_R1 0.118 0.101 1
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Type of correlation: Pearson

Summary statistics (Quantitative data):

Variable  Observati  Obs. with Obs. Minimum  Maximum Mean Std.
ons missing  without deviation
Prod_R2 24 0 24 813851.4  2646143.0 1376816.5 382105.2
Rainfall_R 24 0 24 164.3 242.9 199.4 21.7
Temp_R2 24 0 24 17.6 21.0 20.1 0.7

Correlation matrix (Pearson):

Variables Prod_R2 Rainfal_R Temp R2

2
Prod_R2 1 -0.079 0.054
Rainfall_R -0.079 1 -0.296
Temp_R2 0.054 -0.296 1

Values in bold are different from 0 with a significance level alpha=0.05

p-values (Pearson):

Variables Prod R2 Rainfall R Temp_R2

2
Prod_R2 0 0.713 0.804
Rainfall_R 0.713 0 0.160
Temp_R2 0.804 0.160 0
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Coefficients of determination (Pearson):

Variables Prod_R2 Rainfal_R Temp_R2

2

Prod_R2 1 0.006 0.003
Rainfall_R 0.006 1 0.088
Temp_R2 0.003 0.088 1
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You are using the XLSTAT trial version. Number of days remaining until the trial expires

Type of correlation: Pearson

Summary statistics (Quantitative data):

Obs. with Obs. Std.
Variable Observations missing  without Minimum  Maximum Mean deviation
Average Production 24 0 24 936625.9  1708294.0 1280674.3 239882.3
Average Rainfall 24 0 24 117.2 235.9 171.5 23.7
Average Temp 24 0 24 20.0 21.5 20.8 0.3

Correlation matrix (Pearson):

Average Average | Average
Variables
Production Rainfall Temp
Average Production 1 -0.232 -0.218
Average Rainfall -0.232 1 -0.458
Average Temp -0.218 -0.458 1

Values in bold are different from 0 with a significance level alpha=0.05

p-values (Pearson):

Average Average  Average
Variables
Production Rainfall Temp
Average Production 0 0.275 0.306
Average Rainfall 0.275 0 0.024
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Average Temp 0.306 0.024 0

Coefficients of determination (Pearson):

Average Average  Average
Variables
Production Rainfall Temp
Average Production 1 0.054 0.048
Average Rainfall 0.054 1 0.210
Average Temp 0.048 0.210 1
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APPENDIX VIII: MONTHLY TEMPERATURE

. REPUBLIC OF KENYA
. MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT
KISIl MET STATION P.0.BOX 30-40200, KiSlI
CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

MONTHLY MEAN MINIMUM TEMPERATURES (°C)

» . N

YEARS | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC

1995 16.3 (159 |159 |16.2 |15.8 |15.8 149|149 | 154|155 | 154 | 146

1996 15.3 | 15.8 | 159 |153 | 157 |15.1 140|149 | 151|153 |151 |156| *

1997 156|169 |16.8 | 15.6 | 151 | 149|150 15.1 | 15.8 | 15.8 | 15.7 | 15.7

1998 16.1(17.1 |16.2 | 169 |16.6 |154 | 148|147 | 153|159 | 156 | 154

1999 149|160 |[155 |150 147 |143 136|142 | 144|144 | 145 | 147

2000 15.2 | 1538 | 14.6 | 155 | 158 | 14.9 | 143|147 | 150|154 | 154 | 157

2001 155|157 |15.5 | 15.7 | 159 |14.7 (147|151 | 154|156 | 154 | 15.7

2002 |-159 | 16.8 | 15.7 |16.0 | 16.0 | 154|153 |14.8 | 153 |15.8 | 155 | 15.8

2003 159|169 |16.5 |16.4 | 159 |151 148|150 | 155|157 | 154 | 156

2004 16.1|16.1 |16.7 |16.2 | 159 |16.9|14.7|15.0 | 154|158 | 153 | 15.8 ’

2005 164|173 |16.1 |16.7 |16.1 | 155|149 | 151 | 153|158 | 155 | 15.8

2006 16.7 (173 | 155 | 153 |16.1 |15.0 |15.1 | 153 | 15.5|15.7 | 154 | 156

' 2007 16.0 163 |16.1 |16.3 | 16.1 | 155 14.8|15.1 | 154|158 | 153 | 15.8 |-=~
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- REPUBLIC OF KENYA
MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT
KISl MET STATION P.0.BOX 30-40200, KiSlI
CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

2008 1601161 | 158 |155 |157 |151|14.7 152 | 15.7 | 159 [ 15.7 | 16.1

2009 160|162 | 165 |159 (158 |155}14.8 15.3 | 15.9 | 16.0 | 15.8 '15.7

2010 163|163 |16.1 |16.7 [ 165 |16.1|152 15.5 | 15.4 | 16.0 | 15.7 | 15.5

2011 160 | 16.4 | 162 | 159 |16.1 |16.0 153 152 | 15.4 | 155 | 15.4 | 154

2012 161|162 | 159 |155 (158 |152|15.0 149 | 15.4 152 (154 | 153 | °

2013 159 | 16.0 |16.2 |153 | 151 | 149 14.7 | 14.4 | 15.4 | 145 | 149 | 15.2

2014 153 | 157 | 152 |14.7 | 152 | 149 15.0 | 15.0 | 15.5 | 15.6 | 15.4 | 15.6

2015 16.4 | 16,5 | 15.2 | 15.6 | 15.7 | 155 152 | 15.0 | 15.7 | 16.1 | 153 | 15.2

2016 163|172 |17.2 | 150|167 | 156 153 | 15.8 | 15.3 | 15.9 | 15.6 | 15.8 \ §

2017 168|163 | 164 |16.4 169 |158|157 15.3 | 15.7 | 16.1 | 153 | 16.1

2018 162 | 17.3 | 159 | 159|160 |154 146|151 | 15.9 | 15.8 | 15.7 | 15.7

2019 165 | 167 | 167 |17.0 | 167 | 162|154 154 | 159|155 | 158 | 15.7
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REPUBLIC OF KENYA
MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT
KISII MET STATION P.0.BOX 30-40200, KISII
CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

MONTHLY MEAN MAXIMUM TEMPERATURES (-C)

.

YEARS | JAN | FEB | MAR | APR | MAY | JUN |JUL | AUG | SEP | OCT | NOV DEC

1995 269 (267 (258 |25.1 [25.1 |24.3924.2(257 | 266|259 | 23.7 25.2

1996 259|248 (260 (255 (252 237 |240[247 [259] 254 | 259 25.5

1997 261|286 (294 | 247|248 [251 |245]257 | 254259 250 | 26.1

1998 247 1265|279 (265 (254 | 247 |242(255 286255 | 23.6 244

1999 26.8 | 26.5 (252 | 254 (252 [252 |24.6]|246 | 263250 26.2 | 27.7

2000 2741289252 | 254 (252 [252 246246 | 263250 26.2 | 27.7

2001 2411273271 | 253 (254 [24.4 |244]255 | 262250 250 (249 ¢

2002 259 (279|270 |251 (252 |251 (259253 |27.0] 262 249 (2438

2003 .| 26.6 | 28.5 [ 28.4 |26.1 [ 250 |24.5 |245 | 248 26.2 | 259 | 25.8 | 25.7

2004 2641259 (274 |26.1 (250 (245 |245]|248 | 26.2 259 | 25.8 | 25.7

2005 2731297 (27.2 267 (243 249 [247]253 | 259 26.6 | 25.5 | 27.9

2006 281297 | 256 |24.8 243 |255 |259|254 | 259|272 238 | 241

2007 25.6 | 26.127.2 | 251 254 [24.0 [24.1]245 | 254 259 (254 | 259

2008 27.3|27.6 (258 |251 (256 |245 |24.4]247 | 250 25.1 (254 | 259

294



- REPUBLIC OF KENYA
MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT
KISIl MET STATIdN P.0.BOX 30-40200, KISl
CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

2008 160161 | 158 |155|157 |151 147 15.2 | 15.7 | 159 | 15.7 | 16.1

2009 160 16.2 | 165 | 159|158 |155} 148 15.3 | 15.9 | 16.0 | 15.8 15.7

2010 163 | 163 | 16.1 |16.7 | 165 |16.1 152 | 155 | 15.4 | 16.0 | 15.7 | 15.5

2011 160 | 16.4 | 162 |159 |16.1 |16.0 153 | 152 | 15.4 | 15.5 | 154 | 154

2012 16.1 | 16.2 | 159 | 155|158 |15.2 150 | 149 | 15.4 | 15.2 | 154 | 153 | °

2013 159 | 16.0 |16.2 |153|151 |149 14.7 | 14.4 | 15.4 | 145 | 149 | 15.2

2014 153 | 15.7 |15.2 |14.7 | 152 | 149 15.0 | 15.0 | 15.5 | 15.6 | 15.4 | 15.6

2015 164 | 165 | 152 |15.6 (157 |155|15.2 15.0 | 15.7 | 16.1 | 15.3 | 15.2

2016 163|172 |17.2 | 150|167 | 156 153 | 15.8 | 15.3 | 15.9 | 15.6 | 15.8 \ §
2017 16.8 | 16.3 | 16.4 |16.4 | 169 | 158 157 | 153 | 15.7 | 16.1 | 153 | 16.1 !
2018 162 | 17.3 | 159 | 159 |16.0 | 154 146 | 151 | 15.9 | 15.8 | 15.7 | 15.7

2019 165 | 16.7 |16.7 | 17.0 | 16.7 | 16.2 154 | 15.4 | 15.9 | 15.5 | 15.8 | 15.7 ’

295



REPUBLIC OF KENYA
MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT
KISII MET STATION P.0.BOX 30-40200, KISII
CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

MONTHLY MEAN MAXIMUM TEMPERATURES (-C)

.

YEARS | JAN | FEB | MAR | APR | MAY | JUN |JUL | AUG [ SEP | OCT | NOV DEC

1995 26.9 | 26.7 | 258 |25.1 [ 251 |24.39|24.2[257 | 266|259 | 23.7 25.2

1996 2591248 26.0 | 255|252 (237 (240247 [259] 254 | 25.9 25.5

1997 261|286 (294 | 247|248 [251 |245]257 | 254259 250 |26.1

1998 2471265279 |265 (254 | 247 |242(255 [ 286255 | 23.6 244

1999 26.8 | 26.5 (252 | 254 (252 [252 |24.6|246 |263]250 | 26.2 27.7

2000 27.4 1289 (252 [254 (252 |252 246|246 |263] 250 26.2 | 27.7

2001 2411273271 | 253 (254 [24.4 |244]255 | 262250 250 (249 ¢

2002 259 (279|270 |251 [252 |251 [259(253 |27.0] 262 249 (248

2003 - 26.6 | 28.5 | 28.4 |26.1 250 |245 | 245|248 26.2 (259 | 25.8 | 25.7

2004 264|259 (27.4 |26.1 (250 (245 (245|248 | 262259 258 | 25.7

2005 27.3129.7 (27.2 |26.7 (243 (249 |247]253 | 259 266 255 | 27.9

2006 281297 | 256 |24.8 (243 |255 |259|254 | 259272 238 | 241

2007 25.6 | 26.127.2 | 251|254 [24.0 |24.1]245 | 254 25.9 | 254 | 259

2008 27.3|27.6 (258 |251 (256 |245 |24.4]247 | 250
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REPUBLIC OF KENYA

MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT

KISII MET STATION P.0.BOX 30-40200, KISII

CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

2009 26.6 |27.1 282 |253|249 (255 |258|254 |26.1|26.1 /256 |251

2010 26.8 | 27.0 (259 |26.4 | 254 |254 |251|258 |254 (255252 [251].+~
2011 26.9 (283|270 | 254|257 [24.2 |253 (244 (251241252 |251
2012 27.3|27.8 283 |252 (248 |244 |244|24.8 |258 255|255 | 250
2013 26.1 (258 |27.2 | 251|253 |254 |255|249 |259|263 253 [253
2014 27.0 (271|272 | 264|257 [250 |24.9|251 |26.6|253 /250 |255

2015 2751289 |29.1 | 245|246 |244 |258|263 |26.7|260 |24.3 |246
2016 25.8 1 27.8|29.0 |26.1 251 |254 |253|258 |27.2|27.2252 [27.2

2017 29.0 | 28.1 (279 |26.9 |249 |26.0 [257(252 |259|259 249 |265 i
2018 26.1|28.6 |24.8 | 236|246 |241 (245|251 |26.1(26.2 251 |252
2019 27.2 (282|286 |27.8 261 |24.4 |250(253 |26.0]248
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APPENDIX IX: MONTHLY RAINFALL DATA IN MILLIMETERS

REPUELIC OF KENYA
MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT
KISII MET STATION P.0.BOX 30-40200, KISI|
CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

.~

MONTHLY RAINFALL DATA IN MILLIMETRES (mm) FOR THE YEAR 1995 TO 2019

JAN | FEB | MAR | APR | MAY | JUN |JUL | AUG | SEP OCT | NOV | DEC
1995 | 63.7 | 1010 | 266.2 |187.3 [ 213.0 | 1786 | 1549 | 66.7 | 186.9 | 1065 | 2667 Fo932

1996 | 1307 | 2184 | 154.1 | 220.5 [ 2748 | 179.0 | 104.6 | 201.0 | 260.3 | 1841 | 215.9 | 1281
1997 | 1105 |59 | 1110 [307.2 [ 2327 |985 | 1018 | 262.6 | 311 | 1541 | 2359 | 3658
1998 | 2200 | 808 | 3646 | 2254 | 237.2 | 2103 | 956 | 163.5 | 172.7 | 1996 | 107.2 | 810

1999 935 |58.1 |2926 | 2803 | 244.5 | 1559 | 1182 | 1869 | 173.4 | 3214 | 123.0 | 1120
2000 (315 808 | 1175 |254.1 (3523 | 1787 | 137.7 | 1365 | 2343 | 1432 | 2722 | 1702

2001 | 221.8 | 52.0 | 1349 |243.1 | 3886 | 175.7 553 | 70.5 299.4 | 262.7 | 2089 |62.2

i
2002 | 2134 [ 89.9 | 2555 292.1 | 326.1 | 133.3 [ 1084 | 154.0 | 59.7 252.3 | 2653 | 145.8

2003 | 1155 | 77.4 | 179.6 | 232.0 | 319.7 267.7 | 107.3 | 257.2 | 165.0 | 199.6 | 154.6 1126

2004 |-92.0 | 109.5 | 81.2 309.2 | 2285 | 157.7 | 614 | 199.7 | 522 227.1 | 273.1 | 120.2
2005 | 746 |54.2 | 1788 205.1 | 2879 | 1457 [ 955 |2035 | 1704 | 65.9 119.0 | 51.6

2006 | 90.1 | 185.6 | 232.4 317.1 | 287.5 | 141.2 | 86.1 | 106.1 | 140.4 97.5 2554 [ 22964

2007 | 281.0 | 179.5 | 151.0 1723 [ 2470 | 1922 | 1393 | 70.7 158.4 | 125.4 | 97.5 96.6

2008 | 31.8 |59.5 | 304.1 291.1 | 1185 136.0 | 220.6 | 191.7 | 168.9 | 241.0 | 1543 | 821

2009 | 120.8 | 54.7 | 252.2 242.0 | 3111 183.1 | 70.0 | 213.0 | 1453 | 941 133.4 | 310.0
2010 | 108.6 | 106.5 | 217.7 2446 | 3757 | 252.3 | 803 |178.1 | 256.7 256.9 | 109.3 | 170:3--
2011 | 101.0 | 44.7 | 1489 228.4 | 2351 | 94.4 99.1 | 266.4 | 226.0 | 209.2 | 3126 220.2
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REPUBLIC OF KENYA

MINISTRY OF ENVIRONMENT & FORESTRY

KENYA METEOROLOGICAL DEPARTMENT

KISII MET STATION P.0.BOX 30-40200, KISH

CELL PHONE: 0737052685

E -mail: kisiimet@meteo.go.ke

2012 | 6.4 70.4 | 103.8 | 389.6 | 238.0 | 254.8 | 89.0 | 204.6 | 237.5 | 207.1 | 320.6 | 320.1
2013 [ 684 [60.8" | 291.2 |3996 | 2249 | 1052 | 1043 | 1436 | 252.8 | 151.9 | 218.1 +[125.9
2014 | 634 | 63.1 | 1796 139.2 | 183.6 | 170.6 | 171.7 | 396.9 | 240.6 | 205.6 | 163.4 | 112.8
2015 | 159 | 450 | 86.7 252.3 | 246.3 | 19.6.6 | 86.1 | 158.0 | 178.0 | 257.3 | 345.9 | 2355
2016 | 185.0 | 49.7 | 100.1 354.8 | 3336 | 1046 |33.3 | 1283 [ 1755|740 1169 | 32.0

2017 | 355 | 94.8 | 1269 | 292.8 | 1929 | 1289 | 61.1 | 2157 | 216.4 | 238.9 | 133.5 | 53.7

2018 | 62.8 | 389 |363.6 |257.3 |347.1 | 1213 |54.4 | 4146 | 290.6 | 390.0 | 206.8 | 315.5
2019 | 243 | 261 | 1734 204.0 | 198.3 | 193.9 | 105.5 | 163.3 | 180.1 | 242.5 | 278.0 *| 238.7
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APPENDIX X: DATA FOR TEA PRODUCTION

\

OGEMBO TEA FACTORY CO.LTD.,
GREEN LEAF AND MADE TEA (1994 TO 2013)

IMONTHS 1995-1996 . 1996-1997 o I B
B I mMr or GL | MT ] ot
JuLy ) - - ] | 121155800 |  275303.00 2272
AUGUST 1 | 980,875.00 |  232,822.00 | 23.74
SEPTEMBER | | L ~ 905930.00 |  208,894.00 | 2306
OCTOBER 130182700 299.354.00 | 2300 |  1,413,974.00 | 328,371.00 | 2322
NOVEMBER |  1,489,940.00 | 33563600 | 2253 |  1.110,087.00 249,403.00  22.47
[DECEMBER ~ 1,175,955.00 | 265,258.00 | 22.56 1.437,15500 | 326,051.00 22.69
JANUARY 1,622,953.00 | 3639500 | 2243 |  1,508948.00 _ 34192800 | 22.66
FEBRUARY 1.705,241.00 | 372,756.00 | 21.86| 1,137,047, 00 | 27443300 | 24.14
MARCH (1.68370500 | 37863200 | 22.49 553,069.00 14332000 2592
| APRIL | 1.598635.00 355,834.00 | 22.25 882,969.00 188,477.00 | 21.34
may 149899300  343,842.00 | 2294 | 157573900 363,309.00  21.34
JUNE | 1,296,679.00 | 284, 47800 2194 |  §22,740 00| 21048300 2236
TOTAL 13,373,928.00  2,672,185.00 22.44 | 13,640,091.00 3,142, 79400  22.97
- | 1997-1998 - .i; | 19es-1999 - __.;_
GL MT ot GL M1 Tor
JuLy 1,112,72600 | 256,235, 00 2303| 127597300  289.696. 00| 2270
AUGUST | 1,080,666.00 |  254,458.00  23.36|  1,156,029.00 | 27673400 | 23.94
SEPTEMBER |  1,151,176.00 | 284013.00  24.67 1,361,787.00 | 331,016.00 | 2431
OCTOBER |  953,314.00 | 230,303.00 | 24.16|  1,529,957.00 |  361,094.00  23.60
NOVEMBER  963,415.00 | 202,439.00 | 21.01 1,842,350.00 |  455,622.00 * 2473
DECEMBER 1,671,713.00 | 357.791.00 | 21.40 |  1,634,406.00 |  419,591.00 | 25.67
JANUARY 895,856.00 [ 1258,371.00 I 22.07 1,315,576.00 |  333,317.00 | 25.34
FEBRUARY 1,811,472.00 | 395496.00 | 21.83|  913,633.00 259,227.00  28.37
MARCH 1,778,410.00 | 407,61400 2288 | 114614200  280,428.00 |  24.47
APRIL | 2,042,557.00 | 439,418.00 | 2151 2 379.571.00 | 559,793.00 |  23.32
MAY 11.882,088.00  407,056.00 | 21.63 1.05325.00 25528800 23.10
JUNE 2,028,533.00  451,329.00 | 22.25 1.645873.00  402,899.00 1 24.48
TOTAL 17,371,926.00  3,744,523. oo 22.48 | 17,306,622.00  4,224,705.00  24.50
B 1999-2000 o - 2000-2001 '
e M ot GL [mr Jor
JuLy  1,096,593.00 | 270,209.00 | 24.64 |  1.490.97400 |  358,825.00 2407
AUGUST 1,147.49300 278,188, 00 2424 1,453,300.00 '77556 90300  24.56
SEPTEMBER 1.235426.00 | 309,781.00 2507 |  1,393.834.00 |  3561,545.00  25%4
OCTOBER | 1.517,800.00  361,938.00 | 1,669.739.00 | 42722500 | 2559
NOVEMBER 1,825011.00 |  431,82500 | 2,025,755.00 | 467,228.00 23.06
DECEMBER | 1.643,952.00  391,469.00  23.81 1,648,571 60' 367,157.00 | 2227
JANUARY 1.790.930.00 | 446,537.00 2493 2,479.729.00 |  565,192.00 | 22.79
FEBRUARY |  1,006,362.00 | 272.093.00  27.04| 1,776,741.00 432,211.00 | 24.33
MARCH 1.052,458.00 |  266,371.00 | 2531 |  1,625526.00 41275100 |  25.39
APRIL - |  1.885,290.00 | 458,092.00 | 2430 |  1,254,868.00 | 269,091.00 2335
MAY 1,712,411.00 | 408919.00 | 23.88 1,595,456.00 | 1381,494.50 | 2391
JUNE | 1.627.888.00 | 391,029.00 | 2403 | 1,186 225@0 w»"—§7_6 051.00 |  23.35
TOTAL 17,541,614.00 | 4,286,451, o_n,. - 24.56 | 19.600.71 18.00° 7 4,675,67350  24.08
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OGEMBO TEA FACTORY CO.LTD.,

GREEN LEAF AND MADE TEA (1994 TO 2013)

MONTHS  12001-2002 " 12002-2003 B R B
e | MT |or GL M1 ot
JuLy | 1.436876.0¢ oo | 34655800 | 241 2| 145063200 357,41 150 | 24.64
AUGUST | 119657200  291680.00 24.38| 1,422762. 00 | 36444750 2562
SEPTEMBER |  1,148544.00 280,278.00 | 2440| 151550300 38395200 2533 |
OCTOBER 1,395.536.00 | I 33527200 | 2403| 134933500 34972500 2592
INOVEMBER | 148631500 | 33874500 22, 80| 1477, 61400 | 38577750 23.00
DECEMBER | 1487,397.00 36228400 | 2435| 2,122,179 00 | 472409.00 | 2226
JANUARY | 184510300 434, 4,716. o_o_' 2356 | 187069400 44681250  23.88
FEBRUARY | 1,510,66500 | 384,350 00| 2544|  1,806361.00 46708500 | 25.86 |
MARCH | 164045600 | 39974700 2437 | 149006600 376013, 50| 2523
APRIL | 184403300 43873600 | 2380| 205641000 480,291 00 2336
MAY | 179281600 423,859.50 | 2364 | _1.795769.0 | 41619150 | 23.18
JUNE | 1545436, oo‘ 37331550 | 24.16 1,818,315, oo‘ 42450550 | 23.35
TOTAL | 14547,767.00 | 3,491,06500 2402 | 20,375,640, 440.00 | 4924462150 2430
- faosa0a | aooa2005 S
GL M1 ot GL MT o1
JuY | 169168100 | 41894850 2477| 1, 15555400 | 29490600 2552
AUGUST 1559.895.00 | 37050000 | 2375| 158089500 | 38558100 2439
SEPTEMBER 1927, 56'5% | 47543600 | 2466 |  1,818,409. 00 47138800 2592
OCTOBER | 2,197,759. 00 543,670.50 | 2474 |  1,599.066.00 | 40847615 25.54
NOVEMBER 1,775880.00 | 424913, 50| 2393| 200887000 49059000  24.42
DECEMBER |  2029.999.00  474319.00 00 2337 210394600 | 47610800 2243
JANUARY | 1,849,390.00 | 437,570.00 | 23.47 | 2216317.00  541,144.00 | | 2442
FEBRUARY | 1,662,080, ooj__ 40484900 | 2436| 18611 0600 48142175 2587
MARCH | 220071200 |  543.464.50 50 2449 | 202448600 485447, 25| ¥ 2398
APRIL | 1 ?53%06 44501350 | 2401 |  1,538,241.00 | 365874, 00| 2379 |
MAY 2109,05000 48508050 23.00| 1,713,556, 00 | 394,721 25 2304
JUNE 200451500 493.497.00 | 24.63 1698,689.00 | 39652275 2334
TOTAL | ;gz 862, lzs'o'o | 5517,462.00 _24113  21,319,13500  5,192,180.15  24.41 |
- 120052006 | 2006-2007 -
et mr jor el |"M—F7 or ¥
Juy | 124112400 | 305, 321‘oo_| 24.60 | 149585600 | 35556125 | 2377 |
AUGUST 141896600 341,73575 | 24.08 144293600 359,105.25 | 24.89
SEPTEMBER |  1,611,031.00 | | 39840800 2473 | 1285498, 00| 33211600 2583
OCTOBER 11,732,248.00 443,619.50 | 2561 | 155357600 |  389,12400 | 2505
NOVEMBER | 1,914,057. 00 461.387.25 2411 1,511 72600 | 36321575 2403
DECEMBER |  1769.077.00 | 42924925 24, 26| 194886500 44751075 2296
JANUARY | 1,025710.00 |  272,946.00 )| 2661 | 1,820,708.00 T'" 404,437.25 | 2229
FEBRUARY | 599,46300 | 16215075 | : | 2738| 177050500 | 37476350 | 21.17
MARCH . 1,705,810.00 | -408768.50 | 2396 | 152347100 348954, 75 2281
APRIL 131264400 30248150 | 2304 1717111, 1.00 | 38850175 | 22.63
MAY 182303600  410,26875 | 2250 |  1,405.835.00 31316350 2228
JUNE 176437300 | 42467600 | 2407 | 143642900 | 321.609. 25 22.39
TOTAL | 17,917,539.0C OOJr 4'3?0@5 | 2458 | 1891271600 4,398,063.00  23.35 |
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OGEMBO TEA FACTORY CO.LTD.,

GREEN LEAF AND MADE TEA (1994 TO 2013)

ONTHS 2007-2008 . 2008-2009 |__
GL M1 or |eL MT or
JuLy 153476300 | 369.646.75 | 2408| 91673600 220,477.00 | 2405
AUGUST 1,580,49200 36457200 | 2307 82158400 | 20091000 24.45
SEPTEMBER 1,509.854.00 |  362769.00  24.03 1,084397.00 260,883.00 | 24.06
OCIOBER | 140838400 35531950 | 2523 |  1,226001.00 29639200  24.18
NOVEMBER | 1,105766.00 | 276,676.50 | 2502| 111063400 26143000 | 23.54
DECEMBER 1,579,009.00 | 397.388.00 | 25.17 |  1,24881000 30416600 | 24.36
JANUARY 137377900 33042500  2405|  904,589.00 22888500 2530
FEBRUARY 1,120,447.00 | 280,768.50 | 24.06 89977200 | 22533450 25.04
MARCH 88547000  221,80400 2505 111447000 | 271,66200  24.38
APRIL 104522000 25002550 | 2392 1,040,15500 24499500 | 23.55
MAY 112434700 | 25871350 | 2301| 958858, oo 20475650 | 23.42
JUNE T 97026200 | 22397300 2329 | 97323200 231 92300 | 2383
TOTAL 10,612,684.00  2,595,093.50  24.31 | 12,299,238.00  2,971,814.00  24.18
2009-2010 - [2010-20m - T
e, TMT or |6l mMT o1t
JuLy  833,6401.00 | 21184700 2541 103406300 258727 801" 24.92
AUGUST 75884300 | 189,726.00 25 88665300 | | 22165830 2500
SEPTEMBER 100231200 | 24639400 2458 70682910 167, 06550 | 2523
OCTOBER | 1,028657.00  254399.00 2473 1,083 14590 | 24725380 2277
NOVEMBER | 1,090,24400  256,329. 00 2351 125080280 29368900 2290
DECEMBER | 1,272,045.00 | 20543400 2323 119084100 268550001 2255
JANUARY 118802700 28508800 24 122372670 28377000 | 23.19
FEBRUARY 1,207,42400  287,961.00 2385 98253220 23577000 2400
MARCH 148277900 350,925.00 | 2367|  950807.00 | 22100400 2324
APRIL 1,348,686.00 32142650 2374 150277550 | 349,069.00 | 2323
MAY 135206500  314,824.00 | 2301  1,293,195. 60 29675325  22.95
WNE | 119329000 31434700 2368 1,344,430, 90 208341 22.19
TOTAL 13.757,973.00  3,328,700.50 24.03 | 13,0449,802.70 | 3,141,651.65 ' 2351
2011-2012 . [2012-2013 |
6L  m or GL M TfoT ,
WY | 92008460 21049800 2288  1211,18270 |  267.801.50 | 2201
AUGUST 938213.60 | 21414200 2279 1221,033.40 271,983.00 22.27
SEPTEMBER 1058,23000 24444500 2276 111468860 24672170 2208
OCTOBER | 142110590 317,442.00 223 1,587,46390 35045625 204
NOVEMBER | 135209450 27684200 2142 148048170 | 32212200 2127
DECEMBER 1.506,46800 30741000 2168  1564,427.30  387.091.00  21.35
JANUARY 140320240 33294000 | 226 162126610 355, 501.00  21.89
FEBRUARY T 68291150 17758400 26|  1,444,187.10 | 33253600 2308
MARCH 115943130 282,840.00 2439 1,227,517.00 27968700 2278
APRIL - 124452370 28454100 | 22.86 170321600 36454975  21.40
MAY 1241,861.90 | 27248000 2194 171499000  377.4187gsm 22 01
JUNE 129844200 286,342.00 2205  1,182,146.70 .o s
TOTAL 14,226,569.80  3,207,506.00 22.81 | “1‘7 onsoo’so sds}g@?“es 10- %og
i” ov‘i“'“o \-‘%‘3'-‘ W et ‘ i
% s\Gn ----------- - =
e opTE o o -
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OGEMBO TEA FACTORY CO.LTD.,

GREEN LEAF AND MADE TEA (1994 TO 2013)

2013-2014 | 2014-2015
oL mr or GL M o1
JuLy | 98289930 21049800 2288 1211,18270 267,801.50 | 2201
AUGUST 89932790 | 21414200 22, 79| 1221,03340 | 27198300 2. 27 |
SEPTEMBER | 1,165967.60 | 244 44500 | 2276 1,114,688.60 | 246,721.70 | 2208 |
OCTOBER | 1,477,977.10 | 317,442.00 | 223 1,587,46390 35045625 2204
NOVEMBER | 1,180,949.10  276,842.0 00 2142 1480481 70 32212200 2127
DECEMBER | 157894450  307,410.0 00 2168 1,564,427.30 | 33709100 21.35
JANUARY | 1,484,609.40 33294000 226 1,621,26610 | 35550100 | 21.89
FEBRUARY | 1022430470 | 177,58400 26| | 444,187.10 33253600 2308
MARCH | 1,051057.70  282,840.00 2439 122751700 | 279.687.00 | 2278
APRIL | 157127840 | 28454100 2286 1,703, 21600 | 36454975 2140
MAY 1,543,590.90 | 272,480.00 21.94 1714, ,990.00 | 377,413.7:5' 22,01
JUNE 127132390 | 286,342.00 2205 118214670
TOTAL | 15,532,230.50 ©3,207,506.00 | 22.81| 17, 072 600.50 | 3,505,867.95  22.02
| |
[ 2015-2018 2016-2017
GL MT o1 GL MT o1
JuLy | 1,095837.90 776,473.80 .
AUGUST 852,141.10 893,711.60
SEPTEMBER | 1,195,503.30 1,096,398.70
OCTOBER | 1,127,42570 | 257,443.10 1,178,511.40
NOVEMBER | 1,377,340.00 298,899.25 1,353,862.70
DECEMBER | 1,660,205.20 357,424.25 1,183,258.50
JANUARY 1,590,287.70 | 345,888.75 975,520.10
FEBRUARY 1.411,567.00 | 216,233.00 752,513.30 \
MARCH 1,367,242.30 311,036.00 1,460,457 .40
APRIL 1,365,719.40 308,348.00 1,256,204.80
MAY 1,410,460.20 310,630.25 1,406,452.50
JUNE 1,166,632.70 255,916.50 1,265,818.40
TOTAL 15,620,362.50 | 2,661,819.10 | #DIV/0I] 13,599.183.20 - | #DIv/0!
2017-2018 2018-2019 N
GL MT or GL MT ot
JuLY 870,411.00 970,915.55
AUGUST 795,328.10 932,324.65
SEPTEMBER 1,134,858.00 900,137.20
OCTOBER 1,182,359.10 1,086,308.90
NOVEMBER 1,235,603.30 1,285,107.90
[DECEMBER 1,317,456.80 1,234,817.45 -
JANUARY 1,178,075.45 1,207,889.55
FEBRUARY 742,280.08 812,160.55
MARCH - 1,030,262.91 796,087 .85
APRIL 1,563,718.60 1,054,114.65
MAY 1,360,743.69 . 1,187,621.35
JUNE 1,335,342.25 993,541.80
TOTAL 13,746,439.28 - [#DIv/0l] 12,461,027.40 - [ #DIv/0!
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OGEMBO TEA FACTORY CO.LTD,,
GREEN LEAF AND MADE TEA (1994 TO 2013)

2017-2018 2018-2019
GL MT o1 GL MT o1
JuLy 870,411.00 970,915.55
AUGUST 795,328.10 932,324.65
|SEPTEMBER 1,134,858.00 900,137.20
OCTOBER 1,182,359.10 1,086,308.90
NOVEMBER 1,235,603.30 1,285,107.90
DECEMBER 1,317.456.80 1,234,817.45
JANUARY 1,178,075.45 1,207,889.55
FEBRUARY 742,280.08 812,160.55
MARCH 1,030,262.91 796,087.85
APRIL 1,563,718.60 1,054,114.65
MAY 1,360,743.69 1,187,621.35
JUNE 1,335,342.25 993,541.80
13,746,439.28 12,461,027.40
2019-2020 2020-2021
GL . | MT o1 GL MT o1
JULY 943,662.55 )
AUGUST 883,628.75
SEPTEMBER 844,337.25
OCTOBER 1,173,095.71
NOVEMBER 1,069,287.35
DECEMBER 1,313,103.10 )
JANUARY 1,499,147.35
FEBRUARY 1,238,179.60
MARCH 1,603,760.70
APRIL 1,470,182.75
MAY 1,436,089.00
JUNE
13,474,474.11 -
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2019/2020

no of
Year RW FW farmers bushes
Jul-19 729332.3 736,199.95
Aug-19 894367.7 90688.51
Sep-19 782250.9 798549.34
Oct-19 1315434.7 1333005.1
Nov-19 1036425.7 1042129.05
Dec-19 1157435.7 1175032
Jan-20 1350521.15 1360344.96
Feb-20 1033819.3 1026806.53
Mar-20 1320330.5 1316924.78
Apr-20 1388134 1385975.02
May-20 1261544.9 1267910.08
Total 12,269,596.85 |11,533,565.32 12947113,969,565.00
2018/2019
july
202018 767211.7 926821.18
Aug-18 872669.2 906796.4
Sep-18 994835.6 1001625.9
Oct-18 1040527.3 1044195.35
Nov-18 902044 902424
Dec-18 1148952 1154302
Jan-19 1224094 1187978.93
Feb-19 599926.7 608243.81
Mar-19 684495.2 690390.05
Apr-18 972389.1 976731.26
May-19 1064841.5 1078404.8
Jun-19 869004.1 870930.82
Total 11,140,990.40 |11,348,844.50 12448 13,425,869.00
2017/2018
july 2017, 578644.1 579001.85
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Aug-17 710636.9 710752.65
Sep-17| 957259.4 957550.9
Oct-17| 1411575 1412381.3
Nov-17 1217844.8 1217463.8
Dec-17| 1147513.6 1147846.2
Jan-18 1245673 1245842
Feb-18 647299.3 648032.4
Mar-18 796102.7 796461.4
Apr-18 1514235.4 1514816.5
May-18 1159986.1 1160523.95
Jun-18 1094687.8 1094891.55
Total 12,481,458.10 |12,485,564.50 [11919 13,311,037.00

KIAMOKAMA TEA FACTORY CO.LTD

P.O BOX 374-KEROKA
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2016/2017

Jul-16

788972

790151.8

16-Aug

694263.3

695722.5

16-Sep

288745.6

288865.7

16-Oct

708022.2

708202.9

16-Nov

1011109.
5

1015756

16-Dec

947367.8

943559.2

17-Jan

671945.4

672742.8

17-Feb

414005

414389

17-Mar

1242806

1243981.8

17-Apr

988977

993514.7

17-May

951588.7

952402.2

17-Jun

962190.8

964633.5

Total

9,669,993.30

9,683,922.10

1713

13,049,565.00

2015/2016

15-Jul

1021573.8

1033050.8

15-Aug

808030.6

818765.7

15-Sep

1039719.7

1050812.5

15-Oct

1059576

1061735.1

15-Nov

1011323.6

1009965.7

15-Dec

1468006

1470223.2

16-Jan

1440428.6

1444262.3

16-Feb

1292254

1294424.9

16-Mar

1198693.2

1201384.1

16-Apr

1355830.7

1362702.5

16-May

1281418.1

1284110.9

16-Jun

976945.3

988538.4

13,953,799.6

14,019,976.10
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2014/2015

14-Jul 902522.1 909720.6
14-Aug 630930.3 638947.3
14-Sep 962868.7 970507.6
1369878.
14-Oct 4 1382257
1017645.
14-Nov 4 1019665.3
1345281.
14-Dec 7 1349742.5
1276208.
15-Jan 5 1276645.7
15-Feb 478680.8 485081
15-Mar 252864.6 252114.6
15-Apr 576087.6 585373.3
1579996.
15-May 5 1580043.5
15-Jun 584694 588354.8
1120
Total 10,977,658.6 | 11,038,453.20 5 12,514,693.0
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2013/2014

13-Jul 913701.1 913805.2
13-Aug 811590.8 811700.9
13-Sep, 946990.6 947180
13-Oct 1737488.1 1739851.6
13-Novj 947807 947954
13-Deg 1361069.5 1359524.8
14-Jan 1562941.6 1563298.2
14-Feb 1078101.7 1078251.1
14-Mar 930020.9 933825.8
14-Apr 1476250 1478475.5
14-May 1162681 1174754.3
14-Jun 707325.6 719847.4

13,635,967 13,668,468. 12,054,183.0

Total .90 80 10659 0

2012/2013

12-Jul 953924.2 953500.5
12-Aug 1259610.3 1295811.1
12-Sep 1085194.3 1088641.3
12-Oct 1323573.7 1334341.7
12-Novj 1222379.1 1220652.95
12-Deg 1246702.9 1267451
13-Jan 1433153.7 1465608.9
13-Feb 1172553.7 1183362
13-Mar 890487.3 889463.2
13-Apr 1402386.9 1430158
13-Mayj 1580915 1594680.4
13-Jun 956921.3 957185.7

Total|14,527,802.40 [14,680,856.75 10398 1,177,103.00

20111/2012
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11-Jul 1163493.6 1172597
11-Aug 1106029 1112773.4
11-Sep 1155159.1 1162858.8
11-Oct 1136721 1142949.8
11-Nov 979334.7 980945.5
11-Ded 1258237.4 1261097.3
12-Jan 1199047.6 1200074.9
12-Feb 401265.2 401280.9
12-Mar 749799.6 761654.2
12-Apr 928890.1 916796.1
12-May 1073681.7 10707341
12-Jun 1179143.2 1194307.6

Totall12,330,802.20 [22,014,676.50 23694
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2010/2011

10-Jul 1274445.5 1170027
10-Aug 1117599.2 1092474
10-Sep| 1221843.2 1238979.8
10-Oct 1601760 1613637
10-NoV 1682252.3 1690008.6
10-Deg 1556639.8 1564712.48
11-Jan 1839022 1898838
11-Feb 1516024 1517498
11-Mar 1250230.1 1261291.8
11-Apr 15833798 1589628
11-Mayj 1488036 1488777
11-Jun 1244392.5 12444295

Total 31,626,042.60 28,570,166.68 23589
2009/2010
9-Jul 1039604.5 1100157

9-Aug 989633 993800

9-Sep 1194548.5 1198906

9-Oct 1568332 1575224

9-NoVv 1359944 1362048

9-Deg 1500468 1502370
10-Jan 1705910 1611927
10-Feb 1536579 1541463
10-Mar 2030748 1912800
10-Apr 1766895.5 1561690
10-May 1668624 1506022
10-Jun 1520587 1412463

Total 17,881,873.50 17,278,870.00 23499
2008/2009
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8-Jul 1576809 1588861
8-Aug 1309970 1327823
8-Sep 1472230.5 1475903
8-Oct 1656478 1651568
8-NoVv 1518483.5 1516096
8-Dec 1679345.5 1701559
9-Jan 906379 921602
9-Feb 1010990 1015881
9-Mar 1389702.5 1395267
9-Apr 1191834.5 1193758
9-May 1226648 1218538
9-Jun 1058689.5 1064370

Total 15,997,560.00 16,071,226.00 22897
2007/2008
7-Jul 1521995
7-Aug 1449349
7-Sep 1379872
7-Oct 1554330
7-Nov 1311754
7-Dec 1481931
8-Jan 1326051
8-Feb 1065964
8-Mar| 931391
8-Apr 1770502
8-May/| 1782333
8-Jun 1354717
Total 16,930,189.00 224614
2006/2007
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6-Jul 1083491
6-Aug 1135510
6-Sep, 978576
6-Oct 1210204
6-Nov| 1328589
6-Dec] 1818495
7-Jan 2101353
7-Feb 1806201
7-Mar 1418159
7-Apr] 1764792
7-May 1798493
7-Jun 1330115

Total 17,773,978.00 22401
2005/2006

5-Jul 1104290
5-Aug 1220909
5-Sep 1376114
5-Oct] 1105185
5-Nov 1269924
5-Dec 1161479
6-Jan 1152137.3
6-Feb 414783
6-Mar 1192608
6-Apr 1444238
6-May 1166540
6-Jun 1162736

Total 13,770,943.30 22229

key: RW raw weight FW: Factory weight  use factory weigh
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NYAMACHE TEA FACTORY COMPANY LIMITED
MONTHLY PRODUCTION SINCE 2005 TO 2018

YEAR YEAR YEAR YEAR
2017/2018 2016/2017 2015/2016 2014/2015
JULY 706,317.30JULY 811,923.70{JULY 982,040.40{JULY 1,032,280.80
AUG 743,652.50|AUG 731,711.20|AUG 709,845.20|AUG 741,914.10
SEPT 958,192.60|SEPT 912,388.80|SEPT 1,007,711.50{SEPT 997,441.40
ocT 1,338,364.70|0CT 1,175,811.10{0CT 1,016,685.30|0CT 1,328,558.40
NOV 1,281,570.70|NOV 904,314.30|NOV 1,116,306.10|NOV 1,043,009.40
DEC 1,255,610.00|DEC 931,153.40|DEC 1,279,884.30|DEC 1,268,527.60
JAN 1,321,570.10{JAN 698,334.30|JAN 1,391,006.20|JAN 1,305,022.60
FEB 943,786.60|FEB 400,743.30|FEB 1,193,855.80|FEB 601,603.40
MARC 1,044,138.80|MARC 1,171,847.10| MARC 1,231,287.50|MARC 372,908.00
APRIL 1,401,463.20|APRIL 1,304,964.60|APRIL 1,348,143.70|APRIL 753,391.60
MAY 1,461,180.90| MAY 1,047,269.00| MAY 1,296,142.30|MAY 1,684,957.90
JUNE 1,285,181.20[JUNE 1,063,102.10|JUNE 1,082,727.70|JUNE 667,473.80
13,741,028.60 11,153,562.90 13,655,636.00 11,797,089.00
YEAR YEAR YEAR YEAR
2013/2014 2012/2013 2011/2012 2010/2011
JULY 787,004.30JULY 798,191.60[JULY 891,244.50JULY 784,256.00
AUG 659,075.40|AUG 997,171.60|AUG 706,263.00|AUG 632,209.00
SEPT 925,019.80|SEPT 836,528.50|SEPT 814,211.60|SEPT 582,381.80
ocT 1,422,187.30|0CT 1,143,842.90{0CT 1,087,343.30{0CT 825,713.40
NOV 897,934.70|NOV 1,061,912.50|NOV 993,986.70|NOV 1,004,362.80
DEC 1,327,097.60|DEC 1,136,537.10|DEC 1,152,460.30|DEC 786,314.80
JAN 1,395,363.30{JAN 1,292,404.60(JAN 1,136,157.60|JAN 1,016,256.90
FEB 1,037,947.30|FEB 1,202,012.20(FEB 468,189.20|FEB 844,102.70
MARC 940,746.80|MARC 893,203.10|MARC 884,244.00|MARC 776,071.20
APRIL 1,319,227.40|APRIL 1,1593,413.40|APRIL 968,258.00{APRIL 995,234.50
MAY 1,250,810.40| MAY 1,360,979.80|MAY 951,708.60| MAY 959,985.70
JUNE 819,403.40|JUNE 778,848.80{JUNE 1,016,583.20|JUNE 869,775.40
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12,781,817.70 12,695,046.10 11,070,650.00 10,076,664.20
YEAR YEAR YEAR YEAR
2009/2010 2008/2009 2007/2008 2006/2007
JuLy 820,297.50[JULY 1,811,886.50[IULY 1,905,059.00[JULY 1,589,171.00
AUG 895,524.00/AUG 1,632,298.00(AUG 1,992,261.00[AUG 1,613,058.00
SEPT 936,811.00[SEPT 1,948,947.50[SEPT 1,897,993.00[SEPT 1,406,248.00
oct 1,064,863.00[0CT 2,297,173.00|0CT 2,230,620.00[0CT 2,074,812.00
NOV 938,569.00|NOV 1,029,149.50|NOV 1,959,474.00[NOV 1,725,761.00
DEC 1,138,722.00|DEC 1,264,520.00|DEC 2,064,115.00|DEC 2,154,843.00
JAN 1,131,557.30[JAN 709,833.00[JAN 2,202,311.00[JAN 2,568,148.00
FEB 971,288.90|FEB 766,234.00FEB 1,536,577.00|FEB 2,266,592.00
MARC 1,213,113.80|MARC 1,111,535.50|MARC 1,725,657.00[MARC 2,243,305.00
APRIL 1,126,012.40|APRIL 962,303.00|APRIL 2,333,983.00/APRIL 2,320,364.00
MAY 1,072,466.60[MAY 983,467.00|MAY 2,263,800.00[MAY 2,418,604.00
JUNE 982,585.60[JUNE 904,208.50[JUNE 1,727,962.00[JUNE 1,996,781.00
12,291,811.10 15,421,555.50 23,839,812.00 24,377,687.00
YEAR g .
2005/2006 A0T¥ [ ol
JuLY 1,371,578.00[  Juy t \0d, %A
AUG 1,533,800 Ay, | oS\ 24|.5
SEPT 1,705,755.00| o 1,108, 0l0-2
oct 1,550,654.00] /7 - |, 260, 45|
NOV 1,757,403.00| o0 qs5¢6, 124
DEC 1,519,414.00[ ¢ ), 132,53 4
JAN 906,541.00]  (ppd ) 120,446 -2
FEB 615,842.00( ¢ ds0. 0.2
MARC 1,459,496.00] rrpp 85 71l -2
APRIL 1,643,809.00[  pop 1,262 2.4
MAY 1,767,071.00]  pypy 999, 941.7
JUNE 1,904,769.00]  |yne RRb, 97 -q
17,736,132.00
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APPENDIX XI: PLATES
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Plate 1: Tea pests in one of the farms in Kisii County
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Plate 2: One of the Tea Farms where some tea trees had dried due to water logging
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