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Abstract
The study examined the trends of temperature and rainfall

variations and tea yields from 1995 to 2019 in Kisii County. The
study targeted Kisii Meteorological Department, and three
Kenya Tea Development Agency factories of Kisii County.
Purposive sampling was used to choose tea factories and the
meteorological Department. The study used document analysis
was used to collect secondary data. Interview schedules were
used to collect data from the field service coordinators who
were key informants. Mann-Kendall (MK) test was used to
detect trends of meteorological variables and tea yields. The
results indicated that there was significant negative rainfall
trend for January where rainfall has 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). With regard to
tea production levels, there were significant though negative
trends in the months of February, March, June, July and
December.
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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
(Government of Netherlands, 2019; USAID, 2018). 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.

Introduction

Climate variability has seriously affected the economies and agricultural sectors of the world in the
21°t 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 (Attavanich & Mc Carl,
2014; Di Falco & Veronesi, 2013; Kabubo- Mariara & Karaja 2007; Serdeczny et al., 2016; Pereira,
2017; Somboonsuke et al., 2018; Yamba et al., 2019). IPCC, (2019), has observed that food security
in the world have 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
(Intergovernmental Panel on Climate Change, IPCC, 2019).

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 (Bore, 2015; Owour et al., 2011). 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, Gawahati, (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). 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 El Nino Southern Oscillation and have affected most
crop species and the entire ecosystems, human economy and society at large (IPCC, 2007).
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Agriculture is the mainstay of local livelihoods and hence 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
(Mendelsohn, 2008; Muema, et al., 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)

In Kenya climatic variability and change has always presented a threat to 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;
Government of Kenya, GOK, 2018; Sagero, Shisanya & Makokha, 2018). A study conducted by
Ochieng 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 the 1990s, Kenya has been affected by the droughts of 1983-4,1991-3,1995-6, 1998-
2000, 2004, 2008-9, 2014 and 2017, the EI-Nifio rains that resulted in the floods of 1985,1997-1998,
2000,2007, 2015and 2018 (Republic of Kenya, ROK, 2004; Orindi & Ochieng, 2005; GOK, 2018).

Literature Review

Trends of Temperature and Rainfall Variation and Tea Yields

Temperature and rainfall have varied in different areas at different times of the decades. This part
shows evidence of temperature and rainfall variability over time.

Evidence of Temperature Variations
The temperature range of a given region is influenced by locations, for example in the ocean area.
The temperature characteristic of the tea-growing area in continental climates is different. The
elevation of the soil also has a major effect on the tea growth temperature. Coupling the location
of a region and altitude, the temperature variations can have a major impact on tea growth. For
example, in Sri Lanka's upland districts, which are 450 meters higher and have similar temperature
ranges to that of the Kenyan highlands. The Kenya Tea Research Foundation has observed that
tea needs a temperature range between 19 and 29 degrees Celsius (Leshamta, 2014). 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 the human activities that release greenhouse gases
into the atmosphere which have led to increased temperatures. This has further triggered other
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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. Global average surface temperatures have increased 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 human 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.
In particular 2005 was an exceptionally warm year with an increase of above two degrees Celsius
(Przbylak, 2007).

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 the last about 100 years the average
minimum temperature has increased by about 1.3 degrees Celsius in North East India and the
annual average maximum temperature has also shown same the trends in tea growing areas (FAO,
2016; Kothawale et al., 2010; Deka et al., 2009). 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 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
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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 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.

The 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.

Widespread changes in the instrumental record of extreme weather events such as
droughts, heavy precipitation, heat 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
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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 et al., (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 et al., (2012a)
found out that annual and seasonal observed mean near-surface temperatures generally showed
a warming trend 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 et
al.,, 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°c
and 0.8°c 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 has been observed for countries bordering the western Indian
Ocean between 1961 and 2008 (Niang, et al., 2014; Vincent et al., 2011). 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 by Christy and co-authors on climate for 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 highlands where Kisii is included (Christy et al., 2011;
Wachakala et al., 2015). This is in agreement with Omumbo, et al, (2011) who found a warming
trend in observed maximum, minimum and mean temperatures during between 1979 and 2001 in
Kericho.

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
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
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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 attributed to the
warming 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. Also,
the minimum temperatures have shown an increasing trend of about 0.6 degrees Celsius over the
same period (Leshamta, 2017). These changes in temperatures therefore may have drastic effects
on tea growth and production.

Evidence of Rainfall Variability

The most important factor in rain-fed agriculture is the availability of water to maintain crop
production. Even if there is a drought -resistant trait, there is no water in the soil sufficient for
crops. The variability of plumage between seasons significantly influences the availability of soil
water for crops and thus poses a risk to crop production. 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 tea growth and productivity tea. 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.

Han et al., (2016) reported that the intensity of climate variations and extreme weather
events such as prolonged drought, heavy rainfall 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. Analysis of ninety-six years of annual total rainfall
data of the South bank region for Assam indicated that the rainfall in this region has declined by
more than 200 mm (FAO, 2016a). This is attributed to anthropogenic activities which have led to
global warming. In Africa rainfall variability has also been reported. 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 to the
above, a 10 percent increase in annual rainfall along the Guinean coast during the last 30 years has
also been observed (Nicholson et al., 2000).

Climate instability and severe weather extremes, including droughts, floods, and severe
storms, have affected agricultural systems of the world (IFPRI, 2011). Agricultural productivity is
adversely affected by climate variability, and this has a direct effect 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;
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Moula & Lambi, 2007). The intensity and length of rainfall, the link between annual precipitation
and potential evapotranspiration and annual rainfall variation are the main climate factors
affecting weed growth (Kabubo-Mariara & Karanja, 2007).

Research on the influence 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 demonstrates
that teayield is greatly determined by the microclimatic parameters of a region especially rainfall,
temperature, moisture and light period. Irrigation is also rarely used on tea plantations, and
scanty curiosity caused irreparable losses. Heavy rains, on the other hand, erode high soils and
remove fertilizers and other chemical substances. A weather data analysis found that the highest
yield of tea leaves per hectare increases when the rainfall ranges between 4000mm and 460o0mm
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.

An analysis of the effects of rainfall on crop production, as well as suggestions for
adaptation, was carried out in Japan by Ndamani and Watanabe (2015). The findings showed
moderate annual rainfall amounts in the seasons which varied irregularly. In general, precipitation
begins in May in the district, nevertheless, in June, until peaking in July and August, the number of
rain days and volume in millimeters continues to decline. For all the crops examined, including tea,
sorghum, millet and groundnut, the association between annual rainfall and crop production was
negative.

Ahmed et al. (2014) in Pakistan conducted a review of the impact of water on the growth
and functional quality of tea and pest pressure (Camellia sinensis), and found that higher water
availability and jasmonic acid (JA) have significantly increased new leaf growth. The availability of
water and JA varied with individual secondary metabolites on tea consistency. The availabilities of
higher water considerably increased the overall concentrations of methylxanthine tea leaves but
the JA treatments and the water interaction and the JA had no major effects.

In comparison, increased water supply led to substantially reduced concentrations of 3-
gallate Epicatechin but there was no substantial influence of JA and the interactive effects of
Water and JA. These results point to the interesting complexities of the impact of climate change
on therapeutic plants that offset the interactions between precipitations and the pesticide
pressure within agroecosystems.

A study on the effect of rainfall on tea yield and crop distribution was carried out by Hossain
et al. (2015). The findings from the study 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
conducted in rural Malawi by Moylan (2012). The results showed that households with extreme
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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.

Elbehri et al., (2015) has shown a poor 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. Therefore, a warm wet season is favorable for tea growth. The situation in Magura
Tea Estate was however different, where yields and precipitation were in a poor 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 Production Authority provided the tea yield data for
the period 1995 to 2012 and climate data were obtained from Kenya Meteorological Department.
The study found in Murang'a County, that rainfall variability and tea yields had a positive
relationship.

The agricultural sector, which relies heavily on predictable rainfall and temperatures,
suffers most from climatic fluctuations, according to Kakubo-Mariara (2007), thus affecting the
livelihoods of most households who depend on rain-fed agriculture. 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, Neufeldt, Mowo, Abdelkadir,
Muriuki, Dale, Asetta, Guillozet, Kassa, Dawson, Luedeling & Mbow, 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.

Kisii Central Sub County households are primarily small-scale farmers, and the main forms
of farming are tea, coffee, maize, bananas, milk, and intensive land use systems for grazing
(Maobe, Wanyama, Njue & Mogaka, 1994). Pressured by food insecurity, increased poverty, and
water scarcity, these smallholder households are already functioning (Mutekwa, 2009; Regassa,
Givey & Gina, 2010). Kisii County is a high population density area with high potential (GoK, 2009)
and increased land fragmentation has been observed. Thus, households practice subsistence
farming that is already susceptible to the effects of fluctuations in rainfall (Irungu, Ndirangu &
Omiti, 2009) coupled with continuous cultivation of the same land plots and loss of soil fertility
due to erosion.

In addition to the production of staple crops such as maize, rainfall variability also affects
cash crops such as tea and coffee (Herrero et al., 2010; Badege et al., 2013), thus raising the
vulnerability of Kisii Central Sub County households. Growth, production, and subsequent yields
of crops depend on seasonal temperature, quantities of rainfall, and distribution. Changes in
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rainfall during the season lead to fluctuations in crop yields with marked effects on quality and
quantity. Kabuto- Mariara & Karanja, (2007); Karukulasariya & Mendelsohn., (2007) carried a
research on the impact of changing climate on arable agriculture. Qualitative modeling is a
dominant discourse in these studies, and the results are crop-modeled simulations that are run for
biophysical adaptations to water and temperature stress. They believe that farmers do not make
any adaptations or adapt entirely and are therefore not responsive to farmers' socio-economic
characteristics. This study sought to address this gap by researching the link between household
characteristics and the adoption of rainfall variation adaptation strategies.

Barrios et al., (2008) found a major effect on farm production in 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). 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).

Therefore, changes in long and short rainfall patterns have had significant effects on
agricultural production (IPCC, 2007). Seasonal precipitation is characterized by delayed onset,
decreasing number of rain days, and increased intensity, altering agricultural calendars with
adverse effects on yields. Policymakers and agricultural practitioners have discussed the effect of
variations and changes on small-scale rain-fed agricultural production (Jokastah, Leahl Filho &
Harris, 2013). Although there have been several studies on climate change and variations, not all
regions have been covered to note the effects of these variations on small-scale farming.
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. This knowledge of the perceived effects
of rainfall variability on small -scale crop production will inform scholars and agricultural
policymakers to establish policies and introduce adaptations for specific agro-ecological zones
that fit the present and future agricultural enterprises.

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. New et al., (2006) and Usman and
Reason, (2004) have also noted that in Southern Africa, floods, droughts and prolonged rainfall
have been experienced. It has been noted that 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 is also 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).
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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). 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 year-to-year 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
Muhati, 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 the long rains (March-May) decreased annually by 10 millimeters while the
short rains (October-December) decreased annually by 2millimeters for 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
donein 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 Hillel &
Rosenzweing (2002) who found out that changes in the intensity and precipitation patterns in
Africa have led to reduced agricultural outputs.

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
pronounced effects on tea production (Leshamta, 2017).

Evidence Tea Yield Variations
From the above discussion, it can be concluded rainfall and temperature variability may cause
changes in tea 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. Majumder. 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.

Designs and Methods

This study adopted a correlational research design. As it is used to examine a relationship between
two concepts (Walliman, 2011). 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 decreasing. No relationship occurs when there is no identifiable
pattern (Thompson et al., 2005; Slavin, 1992). This design was important for this study because it
was used to examine the relationship between rainfall and temperature variations and tea
production. Both quantitative and qualitative approaches were used in collecting and analyzing
data. The study targeted six Kenya Tea Development Agency (KTDA) factories and six field service
coordinator personnel from the six factories, 120,000 small scale tea farmers (KTDA, 2017) who
supply their tea to the six factories, and personnel from the meteorological department of Kisii
County to provide information on monthly tea production totals from 1996 to 2019 and monthly
rainfall and temperatures from 1995 to 2019 respectively.
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Data Collection Instruments

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 the KALRO’s Kisii
Meteorological Department and tea yields from KTDA factories for the years 1996 to 2019. Two
research assistants were used to administer questionnaires to the farmers and interviews were
administered to the field service coordinators by the researcher.

Results and Discussion

Trends of Temperature and Rainfall Variations and Tea Yields from 1995 to 2019 in Kisii County
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, on the other
hand, 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.

Temperature Trends in Kisii County
To test the temperature trends over time, the following hypothesis was tested.

Ho: There is no trend in the series
H,: 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 H,, and accept the alternative hypothesis H..

Mann Kendall’s trend analysis compared the temperature data from 1995 to 2019. The data was
grouped in months therefore comparison was done for each month in the various years during the

study period.

Table 1: Temperature Trend Analysis

Month Kendall'stau S Var(S) p-value Interpretation
January 0.342 102.000 1829.333  0.018 RejectH,  Trend detected
February 0.208 62.000 1829.333  0.154 AcceptH, No trend detected
March 0.232 69.000  1828.333  0.112 Accept H,  No trend detected
April 0.020 6.000 1829.333  0.907 Accept H,  No trend detected
May 0.106 31.000 1817.000  0.482 Accept H, No trend detected
June 0.088 26.000 1824.667  0.558 Accept H,  No trend detected
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July 0.397 118.000 1826.667 0.006 Reject H,  Trend detected
August 0.234 69.000  1823.667  0.111 AcceptH, No trend detected
September 0.115 34.000  1822.000 0.439 Accept H, No trend detected
October 0.037 11.000 1823.000 0.815 Accept H,  No trend detected
November -0.075 -22.000 1820.000 0.623 AcceptH, No trend detected
December -0.054 -16.000 1826.667 0.726 AcceptH, No trend detected

Source: Field data, 2020

The results indicate that there were no temperature trends detected for most months with an
exception of January and July. This was informed by the significant p-values (less than the alpha
value of 0.05). Also, the results showed that temperature has been increasing over time (positive
Kendall's tau) except for November and December where they have been decreasing.

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 2: Sen’s Slope Analysis for Temperature in January
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 points from one year to the other. From the figure below, 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).
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Figure 1: Graph Showing Sen’s Slope for Temperature in January
Source: Field data, 2020
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Table 3: Sen’s Slope Analysis for Temperature in July

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 2: Graph Showing Sen’s Slope for Temperature in July
Source: Field data, 2020

Sen's slope

The results from the study revealed that there were no temperature trends detected for most
months with an exception of January and July. This was informed by the significant p-values (less
than the alpha value of 0.05). Also, the results showed that temperature has been increasing over
time (positive Kendall's tau) except for November and December where they have been
decreasing. The results support those of Attri & Tyagi, (2010), which revealed that temperatures
have increased by about 0.71°c in India from 1901 to 2007 with accelerated warming after 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 Christy and co-authors (2011) and Wachakala et al. (2015) on climate for 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 highlands where Kisii was included. This is in consistency with
Omumbo, et al, (2011) who found a warming trend in observed maximum, minimum and mean
temperatures during the period of 1979-2001 in Kericho. In addition, according to Tea Research
Foundation of Kenya, TRFK, (2011); Ongoma, et al, (2013) and Funk et al, (2010 that both minimum
and maximum temperatures have a rising trend in Kenya. This also is in agreement with a study
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conducted by Samwel et al., (2018) which found that temperatures were on an increasing trend in
Kisii County from 1983 to 2013.

Rainfall Trends in Kisii County
In the same way, to test the rainfall trends over time, the following hypothesis was tested.

Ho: There is no trend in the series
H,: 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 Ha.

Table 4: Rainfall Trend Analysis

January -100.000 RejectH,  Trend detected

-0.333

February -0.277 -83.000 1832.33 0.055  AcceptH, No trend detected
March -0.110 -33.000 1832.33 0.455  AcceptH, No trend detected
April 0.127 38.000 1833.33 0.388  AcceptH, Notrend detected
May -0.093 -28.000 1833.33 0.528  AcceptH, No trend detected
June -0.100 -30.000 1833.33 0.498  AcceptH, No trend detected
July -0.250 -75.000 1832.33 0.084  AcceptH, No trend detected
August 0.180 54.000 1833.33 0.216 Accept H,  No trend detected
September  0.180 54.000 1833.33 0.216 Accept H, No trend detected
October 0.144 43.000 1832.33 0.327 Accept H,  No trend detected
November 0.040 12.000 1833.33 0.797  AcceptH, No trend detected
December 0.160 48.000 1833.33 0.272 Accept H,  No trend detected

Source: Field data, 2020

Based on Table 4, it was only the month of January that had a positive significant trend. This was
informed by the significant p-value (less than 0.05). generally, 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.

The Sen’s slope for January (which revealed a significant trend) was as shown below.
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Table 5: Sen’s Slope Analysis for January for Rainfall

Slope -3.415 -8.225 -0.682
Source: Field data, 2020
Rainfall has been decreasing in the January at an average of 3.415mm during the observation

period. The lowest amount of rainfall recorded was in 2002 when there was an average of 6mm
while the highest was 2007 (281mm).
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Figure 3: Graph Showing Sen’s Slope for Rainfall in January
Source: Field data, 2020
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Sen's slope

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 (less than 0.05). generally, 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 the months of April, August, September, October,
November and December over time. 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 South bank region in an
analysis done for 96 years in areas.

Furthermore, according to 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. In addition, a
study by Wakachala et al. (2015), which was done in the Great Rift Valley of Kenya has shown a
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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 on the Guinean Coast by
Nicholson et al. (2000), which found that there was 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.

Tea Yields Trends

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

Ho: There is no trend in the series

H.: 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 H,, and accept the alternative hypothesis H..

Table 6: Tea Production Trend Analysis

Kendall’s S Var(s) p-value Interpretation

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

Source: Field data, 2020

As evidenced in Table 6 above, a significant trend in tea production was observed in February,
March, June, July and December. 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 the Sen’s slope as follows;
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Table 7: Sen’s Slope Analysis for Tea Production in February

Slope -29234.756 -56203.288 -3361.050
Source: Field data, 2020

Tea production for the month of February has been decreasing at an average of 29,234.756
kilograms per year since 1996 to 2019. The highest yield recorded in February was in 2005 where
1,861,106 kilos of green tea were harvested while the lowest production was in 2006 where only
555,111 kilograms were recorded.

FEB

2000000

1800000 -+

1600000 -+

1400000 +

1200000 +

1000000 +

800000 +

Production in kg

600000 +

400000 +

200000 +

0 t t t t
1996 2001 2006 2011 2016

Year

Figure 4: Graph Showing Sen’s Slope for Tea Production in February
Source: Field data, 2020

Sen's slope

Table 8: Sen’s Slope Analysis for Tea Production in March

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 kilos per
year. The highest and lowest yields recorded were 2200712 kilos and 553069 kilos in 2004 and 1998
respectively.
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Figure 5: Graph Showing Tea Production for March

Source: Field data, 2020

Table 9: Sen’s Slope Analysis for Tea Production in June

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 kilos with each passing year. The lowest production was recorded in 2005 (887,020
kgs) and the highest production was in 2004 (2,004,515 kgs).
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Figure 6: Graph Showing Tea Production for June
Source: Field data, 2020
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Table 10: Sen’s Slope Analysis for Tea Production in July

Slope -20352.267 -41988.381 -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 7: Graph Showing Tea Production for July
Source: Field data, 2020

Table 11: Sen’s Slope Analysis for Tea Production in December

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 8: Graph Showing Tea Production for December
Source: Field data, 2020

Analysis of tea yields showed a significant trend in the months of February, March, June, July and
December. 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
above, in China, there has been slower yield growth compared to the rate of area expansion over
the last decade (FAO, 2015). Furthermore, according to researches by AFFA (2014) and Tea
Directorate (2019) in Kenya, have shown that tea yields have been fluctuating over time even
though area under production is steadily increasing.

Conclusion

The results of the study concluded that there were no temperature trends detected for most
months with an exception of January and July. There was also conclusion that temperature has
been increasing over time except for the months of November and December where they have
been decreasing. The study further concluded that trends of rainfall showed it was only the month
of January that had a positive significant trend. In general, rainfall was seen to be decreasing
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during the months of January, February, March, May, June and July while there was anincrease in
rainfall for the months of April, August, September, October, November and December over time.
Furthermore, concerning trends of yields of tea, the study concluded that tea yields trend has 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.

Recommendations

The results showed that rainfall, temperature, and tea yields have inverse associations, hence the
study recommends farmer to keep records on monthly tea yields. This will help them to know the
best method to use in adapting to climate change and variability.
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MA Geography from Kenyatta University and Bachelor of Education Arts (Geography and
Mathematics) from Moi University. Currently, she is working at the Department of Geography, Kisii
University as a tutorial fellow. Her research interests include climate and agriculture.

Page 23 Volume 3, Issue 3, 2021



African

Journal of African Studies and Ethnographic Research StUdieS

References

AFFA, (2014). AFFA Year Book 2014, Tea House: Nairobi

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.

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.

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 https://doi.org/10.1007/s00703-018-0644-z

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

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, NY

Alexander LV (2016) Global observed long-term changes in temperature and precipitation
extremes: areview 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

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

Stepp, J. R.; Robbat, A.; Cash, S.; Kennelly, E. (2014). Effects of water availability and pest pressures
on tea (Camellia Sinensis) growth and functional quality. AoB Plants.

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.

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)
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.

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.

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

Page 24 Volume 3, Issue 3, 2021



African

Journal of African Studies and Ethnographic Research StUdieS

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

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

Collins, J.M., (2011). Temperature variability over Africa. Journal of Climate, 24(14),3649-3666.

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

Das, P. & Zirmire, J. (2017). Tea Industry in India: current trends and future prospective. Journal of
pharmacognosy and phytochemistry, 408-409

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

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. doi:10.3368/le.89.4.743

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.

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, 83-87

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

Elbehri, A., B. Cheserek, A. Azapagic, D. Raes, M. Mwale, J. Nyengena, P. Kiprono, & Craparo, A. C.
W., Van Asten, P. J. A., Ldderach, 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.

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

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

Funk, C., Eilerts, G., Davenport, F. and Michaelsen, J. (2010). A Climate Trend Analysis of Kenya-
August 2010. US Geological Survey Fact sheet 3074.

Page 25 Volume 3, Issue 3, 2021



African

Journal of African Studies and Ethnographic Research StUdieS

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, VA, USA, 6

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(5)

Government of Kenya, (2013). National climate change action plan. Nairobi: Government Printer.

Government of Netherlands, (2019). Climate Change Profile: Kenya. Netherlands.

Government of Uganda, GoU, (2002). Uganda’s Initial National Communication to the UNFCCC

Gupta & Dey, (2010). Development of a productivity measurement model for tea industry. APRN
Journal of engineering and applied sciences

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

Hatfield, J. L. & Prueger, H. J. (2015). Temperature extremes: Effect on plant growth and
development. Weather and climate extremes, (10)4-10.

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 on the Agricultural
Sector, ILRI report of the World Bank for the project “Adaptation to Climate Change of
Smallholder Agriculture in Kenya”

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.

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.

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.

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, (2007). Climate Change 2007 Impacts Adaptation and Vulnerability, Report of Working Group
[l to the Fourth Assessment Report of the IPCC. Cambridge University Press, Cambridge: UK
and New York.

Page 26 Volume 3, Issue 3, 2021



African

Journal of African Studies and Ethnographic Research StUdieS

IPCC, (2001). Climate Change 2001. Impacts, Adaptation and Vulnerability. Contribution of Working
Group Il to the Third Assessment Report of the Intergovernmental Panel on Climate Change.
Cambridge University Press, Cambridge, UK

Irungu, P., Ndirangu, L. and Omiti, J. (2009). Social Protection and Agricultural Development in
Kenya. Future Agricultures Working Paper 005. Available at agricultures.org

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), 2013.

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

KDTA (2017). KDTA reports, Kenya

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, doi:10.3354/cro0857

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.

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.

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
https://meteorology.uonbi.ac.ke

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 CC & V in Rural Tanzania: Water, Food Systems,
Vulnerability and Adaptation. START/PACOM, African Global Change Research.

Lobell, B. D. & Field, B. C. (2007). Global climate-crop yield relationships and the impacts of recent
warming. Environmental research letters, 2(1) 014002

Majumder, A., Bera, B. & Rajan, A. (2012). Tea Statistics: Global Scenario. IJTS January 2012 122

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.

Page 27 Volume 3, Issue 3, 2021


http://meteorology.uonbi.ac.ke/node/2342
https://meteorology.uonbi.ac.ke/

African

Journal of African Studies and Ethnographic Research StUdieS

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
Africa.

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.

Moylan, H. G. (2012). The impact of rainfall variability onagricultural production and household
welfare in rural Malawi. Champaign, Illinois.

Mtongori, H. I. (2006). Climate Change and the Impacts on Crop - Agriculture in Tanzania. Thesis for
Degree Philosophiae Doctor; Universty of Oslo.

Muhati, 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 &conservation, 16, Retrieved from https://doi.org./[10.1016/j.gecc0.2018.e0049

Mann, H. B. (1945). Nonparametric tests against trend. Econometrica, 13, 245-259.

Majumder, A., Bera, B. & Rajan, A. (2012). Tea Statistics: Global Scenario. IJTS January 2012 122
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/fpls2020-00339

Mutekwa, V. T. (2009). Climate Change Impacts and Adaptation an The Agricultural Sector:

The Case of Smallholder Farmers in Zimbabwe. Journal of Sustainable Development in Africa, 11(2).

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

Muller, C., (2009). Climate Change Impact on Sub-Saharan Africa? An Overview and Analysis of
Scenarios and Models (No. 3)

Mendelsohn, R. (2008). The impact of climate change on Agriculture in Developing Countries:
Journal of Natural Policy Research, 1(1).

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.

New, M., Hewitson, B., Stephenson, D. B., Tsiga, A., Kruger, A., Manhique, A. Gomez, B. C., Coelho,
B., Caio, A.S., Masisi, D. N., Kalulanga, E., Mbambalala, E., Adesina, F.,Saleh, H., Rosenzweig, C.
E., Tubiello, F., Goldberg, R., Mills, E. and Bloomfield,J. (2002). Increased crop damage in the
U.S. from excess precipitation under climate change. Global Environ. C

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.

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 B: Regional Aspects.

Page 28 Volume 3, Issue 3, 2021


https://doi.org./10.1016/j.gecco.2018.e0049

African

Journal of African Studies and Ethnographic Research StUdieS

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) Vol. 5

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 El Nino and the 1998 La Nina years. Journal
Climate, 13, 2628-2640.

Ndamani, F. & Watanabe, T. (2015). Influences of rainfall on crop production and suggestions for
adaptation. International Journal of Agricultural Sciences, 5(1), 367-374.

Ochieng, J. & 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,
77,7178

Omondi, P. A. and Coauthors (2014). Changes in temperature and precipitation extremes over the
Greater Horn of Africa Region from1961 to 2010. International Journal of climatology, 34, 1262-
1277.

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.

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

Orindi, V. A. and Ochieng, A. (2005). Kenya Seed Fairs as a Drought Recovery Strategy In Kenya, IDS
Bulletin, 36, (4) 87-102. DOI: 10.1111/j.1759-5436. 2005. tb00236.x University of Nairobi, Kenya

Owuor P.O. et al. (2011) Effects of Genotype, Environment and Management on Yields and Quality
of Black Tea. In: Lichtfouse E. (eds) Genetics, Biofuels and Local Farming Systems.
Sustainable Agriculture Reviews, 7. Springer, Dordrecht. https://doi.org/10.1007/978-94-
007-1521-9 10

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.

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

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. https ://doi.org/10.1007/s1106 9-
014-1352-8

Page 29 Volume 3, Issue 3, 2021


https://doi.org/10.1007/978-94-007-1521-9_10
https://doi.org/10.1007/978-94-007-1521-9_10

African

Journal of African Studies and Ethnographic Research StUdieS

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.

Resilience Policy Team - Irish Aid. (2015). Malawi Climate Action Report.

Reay, D. (2019). Climate-smart food. Edinburgh, UK

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.

Hillel, D. & Rosenzweing, C. (2000). Dersification in relation to climate variability and change.
Advances in Agronomy, 77, 1-38

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.

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.

Samwel, M. P., Abutto, B. A., Otieno, V.O. (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

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

Sagero, P. O. Shisanya, C. A. & Makokha, G. L. (2018). Investigation of Rainfall Variability over Kenya
(1950-2012). Journal of Environmental and Agricultural Sciences, 14, 1-15

Salinger, J. M. (2005). Climate Variability and change: past, present and future. An overview.
Auckland: New Zealand.

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.

Schreck, C. J. and Semazzi, F. H. M. (2004). Variability of the recent climate of Eastern Africa.
International Journal of Climatology, 24, 681-701.

Slavin, R. E. (1992). Research Methods in Education, Allyn & Bacon.

Stringer, L.C., Dyer, J.C., Reed, M.S., Dougill, A.J., Twyman, C., Mkwambisi, D., (2009). Adaptations
to climate change, drought and desertification: local insights to enhance policy in Southern
Africa. Environ. Sci. Policy, 12, 748-765.

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 , 39(2), 277-283.

Tea Research Foundation of Kenya, TRFK, (2011). Strategic plan 2010-2015. Kenya: TBK

Tea Directorate, (2019). Kenya tea industry performance highlights for November 2019. Agriculture
and Food Authority.

Page 30 Volume 3, Issue 3, 2021


https://www.sciencedirect.com/science/journal/24523151

African

Journal of African Studies and Ethnographic Research StUdieS

Thasfiha, J., Arachchige, U. & Dissanayaka, K. D. (2020). Sri Lanka Tea Industry. Research Gate

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.

Tushara, S. C. (2015). Sri Lanka Industry Prospects and challenges. University of Kelaniya, Sri Lanka

UNEP (2007). Global Environmental Outlook 4: Environment for Development. UNEP, Nairobi, Kenya.

UNICEF, (2006). Climate change in Kenya: Focus on children. UNICEF, Kenya.

USAID, (2018). Climate Risks Profile: Kenya. A global knowledge portal for climate and Development
practitioners

Usman, M. T. and 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.

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.

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.

Walliman, N., (2011). Research Methods. The Basics. Routledge, USA

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.

WMO, (2019). WMO provisional statement on the state of the global climate in 2019. WMO

World Bank, (2016). Feminization of agriculture in the context of rural transformations: what is the
evidence? Washington, D.C.

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, https://doi.org[10.1080/23311886.2019.1646626

Zongmao, C. (2010). Development of Tea Industry in China. Tea Research institute, CAAS.

Page 31 Volume 3, Issue 3, 2021



