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Abstract 
Climate change and variability have been singled out as one of the modern 
challenges that affect economies of several countries leading to food scarcity 
and food insecurity in various parts of the world and represent a fundamental 
contemporary environmental shock. Kenya is no exception. This research was 
conducted in Kisii County, a perceived Kenyan national bread basket and in-
vestigated the trend in climate variability between the years 1983-2013. The 
objective of the study was to examine the precipitation and temperature trend 
in Kisii County. The research question was to find out whether there was any 
significant trend and pattern of rainfall and temperature as indicators of cli-
mate variability. The study examined climate variability for thirty one years 
(1983 to 2013). Data was obtained from Kenya Meteorological Department 
and their annual means were computed. Mann Kendall statistic test was ap-
plied to establish whether the observed trend of precipitation and tempera-
ture was significant. From the analysis, rainfall did not show any significant 
trend in Kisii County whilst temperature revealed a significantly upward trend 
over the years, at 95% confidence level. The study recommends a need to in-
corporate weather prediction and early warning systems by the Ministry of 
Agriculture in Kisii County and also promote afforestation programmes to 
protect water catchments. To build resilient systems to climate shocks, intro-
duction of high temperature tolerant food crops as well as adoption of climate 
smart agriculture (CSA) should also be explored. 
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1. Introduction 

Climate change and variability may be caused by natural processes or by human 
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influences. The natural processes include volcanoes, internal variability in cli-
matic factors or sun’s radiation. Human activities that influence climatic change 
alongside land use changes include, release of greenhouse gases and changing 
concentration of suspended particulate matter in the atmosphere (Rosso, 2018). 
Climate alteration affects directly food systems and food accessibility globally 
(Ray et al., 2019) and may perhaps be the single most important factor affecting 
realization of UN Sustainable Development Goals 1 and 2. Since climate change 
happens slowly and gradually, it is hard to be perceived in the absence of scien-
tific data. Scientists detect climate change by examining average trends of cli-
matic elements occurring in a span of time. Changes happening in the earth’s 
environment, may originate from the revolution of the earth around the sun or 
they may be caused by human modification of the environment, hence leading 
to climate change (Tranter, 2017; Ebele & Emondi, 2016). The rate at which cli-
mate change is taking place in modern times is quite high, compared to what has 
been witnessed before the pre industrial period. Temperatures are on upward 
trend globally with strong evidence linking human related activities on the sur-
face of the earth (Rosso, 2018).  

In the horn of Africa, Ghebrezgabher et al. (2016) investigated long term 
trends of climate change and droughts. The study collected information from 46 
weather stations located within and outside the region. Their result showed that, 
rainfall and temperature oscillated up and down at a rate of −0.3913 and 0.0084 
per year. The trend for rainfall was not significant at 95% confidence interval while 
the trend for temperature was significant at 99% confidence level. The peak 
amount of rainfall was captured in 1961, 1967 and 1997 while the lowest was 
recorded in 1943, 1984, and 2009. The warmest year was in 2009 by 1.004˚C. In 
Southern Africa Development Community (SADC) region, rainfall trend from 
1960 to 1996 was analyzed by Mpadeli et al. (2018) who showed that precipita-
tion was extremely variable between 1960-1961 and 1988-1989. However, from 
1989-1990 onward, the rainfall variability was dominated by a decline in rainfall 
amounts mainly in summer. This reduction in rainfall impacted negatively in 
food production hence exacerbating SADC vulnerability to hunger. The study 
further revealed that, during 2015/2016 El Niño Southern Oscillation (ENSO), 
the induced drought was estimated to have affected over 40 million people who 
became food insecure, by not only causing 643,000 livestock deaths but also 
caused a short fall of 5.1 million tons in maize production. 

In another study in South Africa by van Wilgen et al. (2016) investigating 
temperature and rainfall trends, data was computed for 80 years. The findings 
from the research indicated that, there was a vital yearly increase in one of the 
temperature variables in nine out of 13 weather stations. Weather stations lo-
cated in north western parks such as Kalahari, Gemshock, Richtersveld and 
Aurabiesfall, revealed greatest increase in temperature trend. In those other 
ones located in the parks and had data for 50 years, they showed that, maxi-
mum temperature had risen by 1.95˚C since 1960. On precipitation patterns, 
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the study indicated that no significant trend was detected across the study 
area.  

Climate change is clearly manifesting itself in Eastern Africa and is increasing 
at a frightening pace, informed by the rising temperature and rainfall unpredic-
tability whereby, some parts of Kenya, Ethiopia and Tanzania experience rainfall 
that has no significant trend (Gebrechorkos et al., 2019). This has made Kenya to 
be vulnerable to the impacts of climate change. In a research done by Marigi 
(2017) in the southern Kenya, data was collected from five weather stations name-
ly; Makindu, Katumani, Mutomo, Kitui and Mwingi. Mann Kendall’s Tau test 
was used to compute the trends. The findings were that, the trend for heavy 
rainfall days were decreasing while the frequency of the number of warm days 
had increased in the area. For instance at Katumani and Makindu weather sta-
tions, there was an increase in the number of warmer days that were over 25˚C 
at 5% significance level. In addition, the frequency of cold nights was also on the 
increase. Minimum temperature of less than 10th percentile was on upward trend 
in Katumani and Kitui stations at 5% significance level. On days with maximum 
temperature of less than 10th percentile of maximum temperatures, cold day time 
was on a decreasing trend as the frequency of warmer nights increased.  

Effects of climate change in Kenya mainly depend on the region’s exposure, 
sensitivity and its adaptation. For instance droughts and floods have accounted 
for the highest impacts that have caused colossal economic losses in terms of de-
stroyed property and loss of livelihood such as staple crops like maize and cash 
crops like tea Marigi et al. (2016).  

Temperature and precipitation changes are two climatic elements which are of 
great concern to agricultural productivity in Kenya. For instance both minimum 
and maximum temperatures on the normal average seasons of December to 
February, March to May and September to November, exhibit a rise in tempera-
ture across the northern parts of Kenya while some parts have no well defined 
patterns of precipitation trend due to their high spatial variability (Indeje et al., 
2000). The climate change that is being felt in Kenya is happening at an alarming 
rate hence endangering natural resources. Climate change which is enhanced by 
unsustainable land use activities is accelerating expansion of the ASAL regions in 
Kenya (Narok County Government, 2018). In addition, the increasing trend in 
temperature and much longer periods of drought may not only lead to more 
frequent and intense forest fires but also may expand the ecosystem range of 
pests and other pathogens which adversely food production (Madegwa et al., 
2016). The frequency and intensity of climate change events, such as drought and 
floods have also taken toll of productive assets, personal property and even life 
in some parts of Kenya. Famine cycles have been worsening from 20 years in 
1964-1984 to 12, and in 1984-96 to 2 years, 2004-2006 onwards to date, almost 
yearly (GOK, 2010). This has made the government of Kenya spend huge sums 
of money estimated to be 20 billion between 2005-2009 in providing food to feed 
a population of about 3.5 - 4.5 million people every year (GOK, 2010). Food 
shortages may continue in Kenya since large areas in Kenya have witnessed 
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more than 100 mm drop in rainfall during the long rains season by 2010 (FEWS, 
2010). This decline has made the acreage of the area under crop production to 
also decrease making the agricultural production in Kenya to be on a downward 
trend (Patel et al., 2012; AFIDEP, 2012). Comparatively before 1970, agricultural 
production rate in Kenya was 4.8% p.a., but between 1980-1990 the production 
rate declined to 3.3% and then worsened to 1.7% between 1990-2000 (Patel et al., 
2012). Such a decline further worsens the fact that about 75% of the populace in 
Kenya earn their livelihood or partly depend on farming and agricultural related 
activities for their survival. Worse still, the ongoing subdivision of the arable 
land per capita, is now about 0.96 ha in high population density areas (Muyanga 
& Jayne, 2014). Yields from small plots are exacerbated by frequent droughts 
and floods (Patel et al., 2012) that lead to perpetual food insecurity that is expe-
rienced in the country, which may lead to malnutrition. In central Kenya, the 
biggest challenge facing farmers in market gardening is unpredictable rains and 
lack irrigation tools (Ndukhu et al., 2016). Changes in climatic variables such as 
rainfall and temperature affect crop productivity in situations where rainfall de-
lays in its commencement, or is accompanied with occasional erratic floods that 
cause damage to crops. 

The Kisii agro—ecological region is considered one of Kenya’s breadbaskets 
where cash and food crops such as maize, beans and bananas are grown. Sus-
taining the region’s agricultural production is vital if Kisii County is to sustain 
and make gains on poverty eradication, end hunger, achieve food security and 
improved nutrition and promote sustainable agriculture thus contributing to 
achievement of Sustainable Development Goals (SDGs) 1 and 2. The objective of 
this study was to determine temperature and rainfall trends in Kisii over a 31 
year period as a first step towards providing evidence that can inform new agri-
cultural practices and policies aimed at mitigating adverse affects of climate va-
riability. 

2. Methodology 
2.1. Study Area 

Kisii County is made up of Marani, Kisii South, Gucha South, Bomachoge Bo-
rabu, Bomachoge Chache, Nyamache, Kisii central, Sameta, and Masaba South. 
The study was carried out in Marani and Bomachoge Chache sub counties. Ma-
rani and Bomachoge Chache were purposively targeted because they had the 
largest number of food security programmes (Kisii County Governmnet, 2013). 
Kisii County borders Narok to the south, Nyamira County to the East, Homabay 
County to the North and Migori County to the West. The altitude of the County 
ranges between 1500 m - 1800 m above sea level. It experiences double maxima 
rainfall during March, April, and May and also in October, November and De-
cember. It has an average annual rainfall of about 1500 mm per year. The Coun-
ty is located along latitude 0˚41'S and Longitude 34˚36'E (Figure 1). 

Kisii County has a population of 1,266,860 and 304,054 households (Kenya  
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Figure 1. Map showing Kisii county constituencies (source: Kisii County Government, 2018). 

 
National Bureau of Statistics, 2019) whereby 605,784 were males, 661,038 fe-
males and 38 intersex. The County total area is 2542 km2 and it has a population 
density of 958 inhabitants per km2 (Kenya National Bureau of Statistics, 2019) 
making it one of the most highly densely populated counties in Kenya. It has a 
high agricultural potential area and its economic activities include subsistence 
farming, dairy farming, small scale tea and coffee farming. In 2012, the county 
received both long and short rains which were above long term mean leading to 
flooding that destroyed the production of beans. It has food poverty percentage 
of 60% and it is majorly affected by droughts and floods (Kisii County Govern-
ment, 2013). Even though Kisii County has a high economic potential, about 
44.5% of its population live below poverty line (Kisii County Government, 2018). 

2.2. Sampling Technique 

Purposive sampling technique was applied to identify Kenya Meteorological of-
ficers at National and county level. This technique permits a researcher to make 
use of cases possessing the required information (Tongco, 2006; Mugenda, 2008).  

2.3. Data Collection 

In this research work, secondary statistics were accessed at the Kenya Agricul-
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tural and Livestock Research Organization (KALRO) offices and Coffee substa-
tion weather stations in Kisii County. Rainfall and temperature trends for the 
last 31 years were analyzed. 

2.4. Data Analysis 

The duration of 31 years was taken because it is above the minimum threshold 
that is required for the observation of average weather conditions of a place in 
order to determine its climate (WMO, 2017). Rainfall and temperature data (only 
available up to 2013) was analyzed from two weather stations in Kisii County. 
The measurable variables were, rainfall totals, minimum temperature and max-
imum temperatures. The annual average readings were computed and then sub-
jected to Mann Kendall test analysis.  

The Mann Kendall test was used to calculate statistic value (S) and the proba-
bility value Z. A positive value S indicates an increasing trend, a negative S value 
shows a decreasing trend, while a zero value denotes no trend (Ahmad et al., 
2015). In addition, the probability value associated with value S and the sample 
size value was computed in order to quantify the significance of the trend ob-
served.  

3. Results 
3.1. Changes in Precipitation in Kisii County between  

1983 and 2013 

Figure 2 shows the average precipitation of Kenya Agriculture and Livestock  
 

 
Figure 2. Average precipitation between 1983-2013 in two weather station in Kisii. 
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Figure 3. Average temperature variation in Kisii between 1983-2013. 
 
Research Organization (KALRO) weather station and Kisii coffee substation from 
1983 to 2013. The p value computed using Mann Kendall test was 0.590 (p > 
0.05). There was no trend in average precipitation in the two weather stations. 
This corroborate the findings of Gebrechorkos, 2019; Indeje et al., 2000 that 
some regions in Kenya, Ethiopia and Tanzania do not have clear patterns of pre-
cipitation indices as result of rainfall variability largely brought about by local 
factors and not by large scale factors. 

3.2. Kisii Average Minimum and Maximum Temperature  
Trend Time Series 

Figure 3 shows Kisii average minimum and maximum temperature trend series. 
From the figure, the mean temperatures have been rising in KALRO weather sta-
tion. The computed Mann Kendall p value of 0.001 (p < 0.05) reveals that tem-
peratures are rising over Kisii at a significant pace, since the p value is not great-
er than alpha level of 0.05. 

4. Discussion 

In Africa, most countries heavily depend on rain fed agriculture hence they have 
fragile economies leading to food shortages as result of climatic stresses that in-
clude droughts and floods. Food shortages in most of these countries require the 
intervention of colossal sums of money to reduce the impact of famine. There is 
therefore need for studies to provide data on climatic factors that may affect food 
production. The specific objective of this study was to examine temperature and 
rainfall trends in Kisii County for a period of 31 years and what implications 
these may have on food production hence food security as Kisii County is con-
sidered one of Kenya’s food baskets. From the outcome of the research, rainfall 
in both weather stations has been falling but Mann Kendall test did not reveal 
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any significant trend. Conversely on the minimum and maximum temperature, 
the Mann Kendall test showed a rising trend which was significant. This means 
that, the increased temperature correspondingly increases the water holding ca-
pacity of the atmosphere. The increased atmospheric water holding capacity 
promotes evapo-transpiration from the surface hence reducing moisture in the 
soil. Deficiency of moisture in the soil may lower agricultural production in Kisii 
County. Elevated temperatures are often associated with increased incidences of 
crop pests and diseases which affect food production and will most likely affect 
food production in Kisii. Higher temperatures may also affect underground wa-
ter resources such as springs and wetlands through increased rates of evapora-
tion thereby reducing availability of water for irrigation agriculture (IPCC, 2014). 
Elsewhere similar observations were revealed by Muhati et al. (2018) that tem-
perature around sub humid Montane forest in Northern Kenya realized a signif-
icant increase in annual temperature between 1974 and 2011. 

Kenya’s population is currently estimated at nearly 54 million (Worldome-
ters.info, 2021) and nearly 80% of the population live within the historically 
recognized high agricultural potential areas. Climate change and land use changes 
have been recognized as major factors that may lead to erosion of gains made 
towards securing food security in developing countries (UNFCC, 2020). This 
study suggests that, there have been significant changes in temperature in Kisii 
between 1983 and 2013. To safeguard agricultural production in the Kisii agro- 
ecological zones and similar regions in Kenya under changing climatic condi-
tions, research should be undertaken, aimed at incorporating weather prediction 
and early warning systems in agricultural practices, promoting afforestation to 
protect water catchments, and building resilient systems to climate shock for ex-
ample by introducing high temperature tolerant crops including genetically mod-
ified strains of currently grown crops. These approaches have largely been insti-
tuted in Kenya’s Arid and Semi Arid Lands (ASAL). Secondly, education and 
awareness creation need to be undertaken to sensitize farmers on climate change 
and its effects and farmers are trained on adoption of climate smart agricultural 
practices. 
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