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Abstract

Extreme temperatures and rainfall patterns are being experienced in many parts of the 

world including Eastern Africa. These have been associated with droughts, floods, 

cold/hot spells, cyclones, among others that have had devastating socio-economic 

impacts. Thus extreme climate variability and change will in future have serious impacts 

on future sustainability of our socio economic systems. The objective of this study was 

to assess the potential impacts of extreme climate variability and change on livestock in the 

Arid and Semi-Arid Lands (ASALs) of Kenya, with specific reference to Turkana, Marsabit, 

Samburu, and Isiolo Counties, using past, present, and future patterns of rainfall and 

temperature extremes.

Rainfall and temperature data used were obtained from IGAD Climate Prediction and 

Application Centre (ICPAC) while gridded observations used were from Climate 

Research Unit (CRU), University of Anglia. ICPAC and CRU data were for the period 

1961-2013 and 1901-2013 respectively. The climate projection data sets were obtained 

from ICPAC for the period 2006-2100. The data were subjected to various trend 

methods in order to delineate the temporal patterns of rainfall characteristics at specific 

locations. The trend methods adopted included graphical, regression, and non-parametric 

approaches based on Mann-Kendal statistics. Gaussian Kernel density distribution was 

used to assess the changes in the mean, variance, skewness and kurtosis coefficients, and 

extremes in rainfall and surface air temperature. Spectral analysis wqs further used to 

determine the cycle of extremes over the study area. The standardized precipitation index 

was used to determine the past, present, and future abnormal wet and dry conditions and their 

effect on cattle population. The skill of the models was examined by the use of root mean 

square error, correlation analysis, model bias, and standard deviation. Graphical methods 

were then used to examine the probable effect of future climate on cattle farming.

It was evident from the study that both maximum and minimum temperatures are increasing 

at all locations as have been observed at many locations worldwide. The highest increase in 

seasonal mean of surface air temperature ranging from 0.33-1.45°C was observed for June- 

August season. Results from rainfall analyses did not delineate any homogenous
\ i %

changing patterns at all locations and seasons, however, increase in drought risk was
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evident at most locations within the study area when recent mean rainfall (1991-2013) 

was compared with the means of 1901-30, 1931-60, and 1961-90. Some changes in the 

pattern of temperature and rainfall extremes were also evident from the patterns of 

higher order time series moments which included skewness and kurtosis. It was observed 

that the recurrences of extremes were centered on 2.3, 3.5, 5.5, and 9-10 years which were 

attributed to Quasi-biannual oscillation, El Nino, and sun spot cycle. The study observed that 

during the period of abnormal wetness, cattle populations were higher than those of the 

abnormal dryness thus climate affects cattle population. An ensemble of the models was 

found to have a better skill in replicating the observation and hence was used for analysis of 

future climate. The wet and dry conditions and temperature are projected to increase in the 

future in all the scenarios used in this study. Cattle farming are likely to be affected 

negatively in terms of high temperatures resulting to severe thermal heat comfort as well as 

severe dry conditions. Hence development of an adaptation mechanism is necessary to cattle 

farming in the ASALs of Kenya.

The result from this study can be used in the planning and management of the livestock 

sector in the ASALs of Kenya and support national sustainable development planning. 

The SPI tool is recommended for monitoring and forecasting abnormal wetness and dryness 

over the ASALs of Kenya to improve the timely identification of the emerging extreme 

conditions to be action by the government. Livestock farming should be addressed

appropriately using the expected future climatic conditions over the ASALs of Kenya. The
/

study information can be used by the policy makers to develop policies that can address the 

problem of high livestock mortality due to extreme weather and climate conditions in the 

country. Further studies on the effect of climate change on other aspects of livestock 

such as forage as well as a methodology way to distinguish human factors from climate 

factors that affect livestock fanning are recommended.
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CHAPTER ONE

1.0 Introduction

This chapter provides the background of the study, statement of the problem, research 

questions, objectives, justification, area of study and the climatology of the study area.

1.1 background

Increase in variability and change in temperature and rainfall patterns are being 

experienced in many parts of the world including Eastern Africa. Recent 

intergovernmental Panel for Climate Change (IPCC, 2013) assessments have indicated 

that climate change is one of the key challenges threatening the current and future 

sustainability of the socio-economic systems. Floods/droughts associated with too much 

or too little rainfall are known to displace and kill people, livestock, destroy property 

and investments, degrade environment and basic fabrics that support the communities 

(Indeje et al., 2000; IPCC 2007, 2013). Developing countries like Kenya are more 

vulnerable to the effect of climate change due to their high degree of low adaptive capacity 

(IPCC, 2013).

Over 80% of Kenyan land mass may be classified as arid and semi-arid lands (ASALs) with 

livestock being key activity in these areas. Subsistence and commercial farming are the key 

activities in the high potential agricultural areas. Agriculture in Kenya accounts for up to 

26% of the country’s gross domestic product (GDP) and 60% of the export earnings (Indeje 

et al., 2000; ICPAC, 2006; Orindi et al., 2007).

Agriculture is extremely vulnerable to extreme climate variability and change as has been 

witnessed during the years of the major floods and drought. The impacts of climate extremes 

on livestock and agriculture often affect the rural poor communities who depend on 

agriculture and livestock for survival (Muhati et al., 2007; Mureithi and Opiyo, 2010; 

Rourke, 2011; PDNA, 2012; Dutra et al., 2013; Djikeng et al., 2014; Omondi et al., 2014). In 

Kenya, agriculture is the backbone of the economy as 75% of the Kenyan population are 

dependent on agriculture for food and income. Statistics have also shown that, about one-
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third of the total land area of Kenya is agriculturally productive, including the Kenyan 

highlands, coastal plains and the lake region (FAO, 2006). About 75% of livestock are found 

in the ASALs of Kenya, and this sector contributes approximately 13% of Kenya’s GDP, 

40% to agricultural GDP and it also employs 50% of the labor force (Rege, 2001; FAO, 

2005; Orindi et al., 2007; PDNA, 2012).

The arid and semi-arid areas of Kenya are characterized by unreliable, low, variable and 

poorly distributed rainfall. Orindi et al. (2007) and FAO (2006) indicated that the mean 

annual rainfall in the semi-arid and arid areas of Kenya is between 300 -  500 mm and that 

the soils in these areas are shallow and infertile with Lake Turkana region receiving less than 

250 mm of rainfall per year. But areas such as Marsabit with an altitude above 1,200 m have 

fertile soil and receive rainfall up to 600 mm per year (FAO, 2006). Eastern side of Turkana 

County receives an annual rainfall of 200mm and over 500mm in the western highlands 

(Omolo, 2010; Mureithi and Opiyo, 2010). Mean annual temperature in the ASALs of Kenya 

is between 22 °C and 40 °C. The temperature for Turkana County ranges between 26 °C and 

38 °C (Jaetzold and Schmidt, 1983; Omolo, 2010; Mureithi and Opiyo, 2010).

Northern Kenya’s ASALs depend mostly on livestock, which is the major domestic wealth 

and account for more than two-thirds of mean income (Chantarat et al., 2013). Zebu cattle is 

the most common breed for the majority of Kenyans living in the ASALs and constitutes 

77% of total cattle population in Kenya (Rege, 2001), concentrated mainly in arid and semi- 

arid lands. A study by Omondi et al. (2014) showed that cattle are the most important 

livestock type kept mainly for income, milk, meat and dowry, while goats and sheep are kept 

for income, meat and skins by the Masaai in the rangelands of Kenya.

Floods and drought are key challenges to sustainable livestock development in Kenya. 

Floods lead to inundation of grazing land and animal mortality. They are often 

associated with diseases such as Rift Valley Fever (RVF),_while drought leads to heat 

stress, lack of water and pasture, death of livestock, and devastation of the livelihoods, 

among many other miseries (Oludhe, 2002; FAO, 2006; Indeje et al., 2006; Muhati et al., 

2007; Hoffmann, 2010; Mureithi and Opiyo, 2010; Omondi et al, 2014). Studies by IPCC
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(2007; 2013), Omondi et al. (2014), and King'uyu et al. (2000) showed that climate 

change, leading to changes in the magnitudes and frequency of extremes, is real.

Since livestock sector has a significant contribution to the formal and informal economy of 

the country, adaptation in this sector should thus be a significant focus in order for Kenya to 

respond to the impacts of extreme climate variability and change. This will help in 

safeguarding the provision of adequate food for a growing population and also for export to 

generate foreign exchange (Garderen, 2011; GoK, 2013; Tibbo and Steeg, 2013). This study 

therefore examines the potential impacts of extreme climate variability and change on 

livestock in the ASATs of Kenya, with specific reference to Turkana, Marsabit, Samburu, 

and Isiolo Counties.

1.2 Problem statement

Changes in temperature and rainfall extremes are already being experienced in many 

parts of the world and Kenya is not an exception. IPCC (2013) indicate that climate change 

is real with the livelihoods likely to be exposed to more climate extremes in the future 

(Orindi et al., 2007; Christensen et al., 2007; Hoffmann, 2010; Ngaina and Mutai, 2013; 

Darkoh et al., 2014). Rainfall variability has also increased, with a decline in long rains 

season and appositive trend for short rain season (Darkoh et al., 2014).

Northern Kenya’s ASALs depend mostly on livestock (Chantarat et al., 2013). Floods and 

droughts are natural events which cannot be controlled (Indeje et al., 2000). They are the 

main extremes of the climate spectrum that have been associated with poor vegetation, 

diseases, loss of livestock, and devastation of the livelihoods among many other miseries. 

Drought in particular is a troublesome hazard that has been documented to have adverse 

impact on livestock and agricultural development. Rangeland degradations have also been 

caused by over-grazing due to limited resources thus soil erosion (Ogallo, 1989; Diaz and 

Markgraf, 2000; Indeje et al., 2000; Orindi et al., 2007; Rourke, 2011; Vanya, 2012; Ngaina 

and Mutai, 2013).

Livestock production is adversely affected by drought in terms of quality and quantity of feed 

which has led to low level of productivity, high mortality, reduced market value and conflicts
t>
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among the pastoral communities for water and pasture (Orindi et al., 2007; Dutra et al., 

2013; Djikeng et al., 2014). Extreme climate conditions therefore lead to livestock mortality 

which is the most severe economic risk faced by pastoralists in Kenya (PDNA, 2012; 

Chantarat et al., 2013). Little has been done on the impact of extreme climate variability and 

change to livestock farming in Kenya. This study, therefore, was aimed at assessing the 

potential impacts of extreme climate variability and change on livestock in the ASALs of 

Kenya, with specific reference to Turkana, Marsabit, Samburu, and Isiolo Counties.

1.3 Research questions

1 Are there evidence of variability and change in rainfall and temperature extremes in 

ASALs of Kenya?

2. Are there any evidence in the change of the past and present livestock population trends 

that may be associated with past and present climate extremes?

3. What is the possible impact of future climate change scenarios in Kenya s ASALs and 

how would they impact on pastoral systems?

1.4 Objectives

The overall objective of this study was to assess the potential effects of extreme climate 

variability and change on livestock in the ASALs of Kenya, with specific reference to 

Turkana, Marsabit, Samburu, and Isiolo Counties. This was achieved through the following 

specific objectives: /

a) Determine the evidence of variability and change in rainfall and temperature extremes 

in Kenya ASALs.

b) Assess the change in livestock population that may be associated with past and 

present climate extremes.

c) Assess the future climate change scenarios and their potential impacts on pastoral 

systems in ASALs of Kenyan.
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1.5 Justification of the study

Society is impacted more by changes in extremes than by changes in the means. Risks posed 

by climate variability are high in Kenya due to lack of coping capacity among large and 

small sectors of the society. Poor fanners are more exposed to the effect of extreme climate 

events and are unable to absorb the shocks of climate related hazards due to lack of resources 

and general coping capacity. Increase in temperature and decline in rainfall as projected by 

different Global Climate Models (GCMs) are likely to cause several challenges to livestock 

farming which may lead to increased loss of domestic livestock during extreme events in 

highly prone areas (Garderen, 2011; Kilel, 2014)

Livestock contributes to food security and diet, poverty reduction, employment and 

economic growth, financial saving, social security, living insurance and fertilizer. Persistent 

climate variability and change will continue impacting this important sector of the economy 

in Kenya unless action is taken (Muhati et cil., 2007; Shisanya et al., 2011; Rourke, 2011). 

Hence, this study was aimed at assessing the effect past and present climate extremes on 

livestock and likelihood of future impact of extreme climate variability and change on 

livestock in the ASALs of Kenya. The four counties were chosen due to the availability of 

livestock data and the Zebu cattle are the livestock considered in this study.

1.6 Study area

Kenya is located between latitudes 5°S and 5°N and longitudes 34°E and 42°E. It is bordered 

by Uganda to the west, Tanzania to the south, Ethiopia to the north, South Sudan to the 

north-west, Indian Ocean and Somalia to the east. It covers an area of 58,037 (1000 Ha), 

agriculture 27,450 (1000 Ha), land area 56,914 (1000 Ha), forest areas 3,456 (1000 Ha) 

(FAO estimates, 2011). Kenyans population is approximately 44.2 m with a birth rate of 

2.7% and is projected to be 96.8 m by mid-2050 (PRB, 2013). The case study area which is a 

subset of the ASALs of Kenya is located in the northern part of Kenya as shown in Figure 1. 

The main lake over the study area is Lake Turkana. In terms of altitude, Isiolo County has the 

lowest altitude while the highest altitude covers much of Samburu County and the western 

part of Turkana County.
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Figure 1: A map showing the elevation of the four counties i.e. Turkana, Marsabit, 
Samburu and Isiolo.

/
(Source: Author, 2015: Elevation data obtained from MESA)

1.6.1 Climatology of the study area

East Africa climate results from the interaction between Inter-tropical Convergence Zone 

(ITCZ), Indian Ocean Dipole (10D), Quasi-biennial Oscillation (QBO), Monsoonal Winds, 

El Niflo/Southem Oscillation (ENSO), extra-tropical systems (Mascarene, St. Helena, Azores 

and Arabian) and meso-scale circulations (Asnani and Kinuthia 1979; Ogallo, 1988; 

Mukabana and Pielke 1996; Mutai et a/., 1998; Nicholson and Yin, 2002; Ngaina and Mutai, 

2013). East Africa experience bimodal rainfall regimes owing to its location along the 

Equator (Omenv et al., 2006; Ngaina and Mutai, 2013). Thus -most parts of Kenya
f

experiences two rainy seasons i.e. March-April-May (MAM) knoyvn as the long rain andI
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October-November-December (OND) referred to as the short rains, with higher amounts 

mainly received during the long rain season in most parts of the country. Parts of the Rift 

Valley and Lake Victoria basin exhibit the trimodal rainfall regime with the third peak being 

observed in July and August (Gitau, 2011; Ngaina and Mutai, 2013). In his study Gitau 

(2011) also indicated that different locations in Kenya may have unimodal, bimodal or 

trimodal nature of rainfall distribution Rainfall variability is more remarkable than 

temperature since temperature changes with elevation (Orindi et al., 2007).

The climate of Kenya ranges from humid tropical through to arid and semi-arid climate 

(Orindi et al., 2007). A greater percentage of Kenyan land is semi-arid and arid (Table 1, 

Zones V, VI, and VII), characterized by high temperatures, low rainfall, regular drought, 

water scarceness and climate variability (FAO, 2006; Darkoh et al., 2014). The spatial and 

temporal variability of weather over Kenya is as a result of complex interaction of 

systems/processes in local, regional and global scale at various temporal scales.

Table 1: Agro-climatic zones of Kenya

Agro-climatic
zone

Classification Moisture
index (%)

Annual
rainfall (mm)

I Humid >80 1,100-2,700

II Sub-humid 6 5 -80 1,000- 1,600

111 Semi-humid 50-65 8 0 0 -  1,400

IV Semi-humid to 
semi-arid

4 0 -5 0 600-1,100

V Semi-humid 2 5 -4 0 ^450 900

VI Arid 15-25 3 0 0 -5 5 0

VII Very arid <15 150-350

(Source: FAO, 2006.)
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1.6.1.1 Inter-Tropical Convergence Zone

Kenyan annual cycle of rainfall is strongly linked to the north-south movement of the TTCZ 

(Asnani, 1993, 2005; Ngaina and Mutai, 2013). Okoola (1999) and Nicholson (2008) defined 

the 1TCZ as a narrow zone where low-level tropical equator ward moving air mass converge 

from both hemispheres, it is also marked with maximum cloudiness and its migration is 

governed by the overhead sun. It crosses the country twice a year and therefore it’s largely 

responsible for the bimodal rainfall pattern over most parts of Kenya due to its quasi

continental belt (Ngaina and Mutai, 2013). The meridional arm of the ITCZ fluctuates from 

east to west and vice versa. The July-August rainfall received over most parts of western 

Kenya and parts of the Rift valley has been associated with the eastward extent of the ITCZ 

bringing in moisture from the Atlantic Ocean and the Congo basin (Omeny et al., 2006).

1.6.1.2 The Monsoonal wisnds

Monsoon is a season phenomenon responsible for most of the rainfall season within the 

tropics (Philippon et al., 2002; IPCC, 2013). Northeast and southeast monsoons normally 

trails the ITCZ, they also cause drastic changes in rainfall and temperature patterns 

(Mukabana and Piekle 1996), thus the two main rainfall seasons are experienced during the 

transition periods between the peaks of the monsoons (Anyah, 2005; Gitau 2011). The 

monsoonal flow takes the form of a low level jet crossing the equator in east Africa 

(Caniberlin et al., 2010); these winds are modification by the inland topography (Ogallo, 

1988). The differential heating of land and ocean by solar radiation is the driving force for 

monsoonal circulation due to ocean-land pressure contrast (Philippon et al., 2002). The 

southeast monsoon are cool and moist, occurs during the months of June to August and it 

comes from the Mascarene high over the south Indian Ocean. The northeast monsoon 

emanates from the Arabian high and changes direction on crossing the equator to become 

north-westerly. They are warm and dry winds which occur during the months o f December to 

February/

1.6.1.3 El Nino/Southern Oscillation

ENSO is an irregular phenomenon that reoccur every 2 - 7  years and is caused by coupled
./ "' —'

ocean-atmosphere interactions that occur in the tropical-subtropical Indian Ocean and Pacific

8



basins (Diaz and Markgraf, 2000; Chang and Zebiak, 2003; Rourke, 2011; IPCC, 2013). 

Some extreme rainfall has been associated with the ENSO events (Ogallo, 1988; Indeje et al., 

2000; Williams and Funk, 2011), The ENSO event has two phases known as the cold phase 

and warm phase i.e. La Nifia and El Niflo and its impacts extend to weather patterns around 

the globe (Chang and Zebiak, 2003; Ngaina and Mutai, 2013). Above normal rainfall 

amounts and flooding in the short-rain season is normally associated with the El Nino years 

(warm phase) (Ogallo, 1988; Nicholson, 1996; Indeje et a l 2000; Muhati et al., 2007). 

Meso-scale circulations contributes towards high spatial rainfall variability in Kenya due to 

diverse topography, lake surface temperature and other factors (Mukabana and Piekle 1996; 

Nicholson and Yin 2002; Anyah et al., 2006) while dry condition during the short rain is 

associated with La Nina. There is a linkage between ENSO and the Indian Ocean Dipole 

(IOD). When the two are in phase (Positive IOD and warm ENSO event), they lead to lots of 

rain resulting to floods in east Africa e g. 1961 flooding (Rourke, 2011) Rourke (2011) noted 

that IOD is the most dominant forcing in east African rainfall than ENSO.

1.6.1.4 Indian Ocean Dipole

The IOD is the fluctuations in the sea surface temperature (SST) anomalies across the Indian 

Ocean (Saji et al., 1999; Webster et al., 1999; Rourke, 2011). The SST anomaly leads to 

changes in the atmospheric circulations and rainfall across the Indian Ocean basin. Positive 

IOD has been observed to enhance rainfall over East Africa during the short rain season 

(Zablone and Ogallo, 2008; Williams and Funk, 2011; Rourke, 2011; Ngaina and Mutai, 

2013). The negative IOD leads to enhanced subsidence over East Africa thus moisture is 

driven away from the continent leading to reduced rainfall over East Africa (Hastenrath et 

al., 1993; Hastenrath 2000; Mapande and Reason 2005; Ngaina and Mutai, 2013). Long rains 

have a weak correlation with the IOD (Ogallo, 1988; Williams and Funk, 2011). This 

suggests that the inter-annual variability in this season is associated with the internal 

atmospheric variability such as Madden-Julian Oscillation (MJO) (Williams and Funk, 

2011). Williams and Funk, (2011) reported that wet conditions during the early part of the 

long rain season are associated with the MJO.

t
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1.6.1.5 Madden-Julian Oscillation

The MJO is an atmospheric phenomenon in the tropics developing from the Indian Ocean 

and propagates eastwards with a period of 30-60 days (Omeny et al., 2006; Rourke, 2011). It 

has a strong association with the east African rainfall during the wet and dry spells of the 

long and short rain seasons (Williams and Funk, 2011; Rourke, 2011; Ngaina and Mutai, 

2013; Berhane and Zaitchik, 2014). Williams and Funk (2011) noted that, when the 

amplitude of MJO is high during the long rain season, the westerly wind anomalies occurs 

throughout the atmospheric column above tropical Africa and overturning circulation 

anomalies over the tropical Indian Ocean. The effect of MJO have also been observed by 

Berhane and Zaitchik (2014) to occur in early March and towards the end of May (long rains) 

and during the last days of the short rain season. In the beginning of the short rains, MJO is 

associated with dry or wet spells along the East-African coast (Berhane and Zaitchik, 2014).

1.6.1.6 Quasi-biennial Oscillation

The QBO occurs in the tropical stratosphere with a period of 28-29 months and it is a quasi- 

periodic oscillation of the equatorial zonal wind between westerlies and easterlies and 

propagates downward (Indeje et al., 2000; Ng’ongolo and Smyshlyaev, 2010; Rourke, 2011; 

IPCC, 2013; Ngaina and Mutai, 2013). Indeje and Semazzi (2000) reported that QBO has 

high correlation with the long rains of east African. In this regard, QBO can be used as index 

for long rainfall forecasting in east Africa (Ng’ongolo and Smyshlyaev, 2010), but Rourke 

(2011) performed the same correlation test and concluded that the correlation result are not 

stable for any place in Kenya and therefore QBO should not be used as an index for 

forecasting the long rains (MAM).

1.6.1.7 Tropical cyclone

Tropical cyclone (TC) is another system that affects the east African rainfall. It occurs 

mainly in the South West Indian Ocean basin up to about 100° E from November to May and 

are more common in the months of January to March. They derive their energy from the 

warm SST at least 26.5° C (Gitau, 2011; Rourke, 2011). Its effect on East African rainfall 

may be direct or indirect. The occurrence of TC between the months of May and April, often
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lead to delay and below normal rain during the long rain season over East Africa (0koola' 
1999; Ngaina and Mutai, 2013).
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CHAPTER TWO

2.0 Literature review

This section presents literature review on livestock, and climate extremes in Kenya. The 

future climate change and threats to future livestock systems are also addressed.

2.1 Importance of livestock in Kenya

Cattle’s farming remains a central feature of rural populations. Statistics by the African 

Union indicates that pastoralism contributes between 10% and 44% of the GDP of the 

African continent (Abdel Aziz, 2011; Garderen, 2011)/. The livelihood of the African 

continent over time has mainly been livestock domesticated farming (Garderen, 2011). 

Northern Kenya’s ASALs depend mostly on livestock, which account for more than two- 

thirds of mean income (Makishima, 2005; Chantarat ei a/., 2013). They are sold for grains or 

to meet other domestic requirements (Mureithi and Opiyo, 2010). When the pastoralist lose 

their livestock, they organize social insurance activities that offer informal inter-household 

transfers of a breeding cow, but the scheme does not cover everyone (Huysentruyt et al„ 

2009; Santos and Barrett, 2011; Chantarat et al., 2013).

Cattle breeds in Kenya comprise of Sahiwal, Boran, Maasai zebu, Kamba zebu, Charolais, 

and Simmental and their crosses, Friesian and Ayrshire dairy cattle breeds have also been 

introduced in some areas of Kenya (Mwacharo and Drucker, 2005). The Zebu cattle are 

tethered on farm, taken to graze on the roadsides or in communal areas. They are mainly kept 

for beef and milk (FAO, 2006), and the cows are milked for approximately five months of 

lactation Most of the dairy fanners in Kenya practice zero grazing, free-grazing or a 

combination of both (FAO, 2006).

Livestock production in northern Kenya is characterized by low productivity as a result of 

poor and degraded rangelands due to drought, insecurity, diseases outbreaks, absence of 

veterinary care and inadequate livestock marketing systems among other factors (Mureithi 

and Opiyo, 2010). There is need to increase livestock productivity in the ASALs of Africa 

including Kenya, this is because the demand for livestock products has increased globally.
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This will lead to changes in livestock production in Africa to meet the increasing demand 

(Tolera and Abebe, 2007; Thornton et al., 2009).

2.2 Climate extremes affecting cattle farming

Spatiotemporal variability of precipitation in East African affects the livelihood of tens of 

millions of people in terms of flash floods, droughts, and rainfall variability on intra-seasonal 

time scales (Berhane and Zaitchik, 2014; Omondi et al., 2014). Agricultural production 

losses due to extreme weather have been documented to have some degree of positive spatial 

correlation, since weather patterns are generally similar over a large area. Drought in 

particular, affects both agriculture and pastoralisms and its highest impacts are felt by the 

pastoralists since it results to drying up of water resources and reduction in forage resources 

for livestock (Muhati et al., 2007; Orindi et al., 2007; Omondi et al., 2014). Garderen (2011) 

reported that scientists in southern Africa and elsewhere focusing on climate change and 

agriculture are increasingly demonstrating how sensitive livestock is to climate change.

Climate change and variability leads to the spatial distribution of disease outbreaks 

(Hoffmann, 2010). Seasonal rainfall changes leads to outbreaks of Rift Valley Fever (RVF), 

Pest des Petits Ruminants (PPR), bluetongue virus, East Coast Fever (ECF), Foot and Mouth 

disease (FMD), facial eczema and anthrax among others, and they are mainly set off by 

definite weather conditions (Hoffmann, 2010; Mureithi and Opiyo, 2010). Livestock 

resistance and immunity to diseases are diminished by drought and are likely to be exposed 

to new diseases due to rapid increase of pathogens and seasonal variation in disease 

distribution (Hoffmann, 2010; Mureithi and Opiyo, 2010). Policy and response in terms of 

climate change and agriculture over different regions tend to focus more on crops (Garderen, 

2011); therefore, these need to examine the impact of climate variability on livestock 
farming.

2.2.1 Drought

Drought is climate phenomenon that occurs naturally affecting large population globally and 

is considered to be a widespread and costliest natural disaster (Below et al., 2007; Sheffield

and Wood 2011; NCDC, 2012; Sheffield et al., 20 R  Di Lena et 'al, 2014). A study by» *
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UNISDR (2009) indicated that drought accounts for more than 80% of the population 

affected but accounts for less than 20% of natural disasters. The most recent drought has led 

to famine as well as food shortages over southern Somalia and northern Kenya with an 

estimate of 250,000 deaths in southern Somalia (UNOCHR, 2011; FAO/FEWSNET, 2013). 

Drought leads to low quality and quantity of forage and thus decreases livestock productivity 

while reduced availability of water increases the chances of water-home diseases for 

livestock and humans (FAO, 2006; Hoffmann, 2010; Mureithi and Opiyo, 2010; Rourke,

2011) . FAO (2006) also reported that during this period, water is limited since most springs 

are seasonal. The extensive effect of drought has led to debate on how the drought will 

change in the future under the effect of the changing climate (Kotir, 2011). It has been 

reported that droughts in the ASALs of Kenya are a common phenomenon with 28 major 

droughts recorded in northern Kenya for the past 100 years (GoK, 2007, Christensen et a/., 

2007) Mureithi and Opiyo (2010) observed that mature cattle and calves are more vulnerable 

to the negative effect of drought. Table 2 shows the analysis done by the Kenya Post Disaster 

National Assessment (PDNA, 2012) for the drought period spanning 2008 to 2009 and 

estimated the disaster risk reduction needs at Ksh 184.8 billion. Failure of the 2008 short 

rains was declared a national disaster since it had impact on water, pasture, food among other 

resources (Hastenrath et al., 2010). The analyses (PDNA, 2012) also showed that livestock 

sector was significantly affected by the drought leading to death of different types of 

domestic animals to an estimated amount of Ksh 56.1 billion. Rift Valley province had the 

highest damage in 2009 but in 2011, Eastern province suffered the highest damage (PDNA,
2012)  .
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Table 2: Overall summary of damages, losses, and needs by sector in million Ksh for 

2008-2011 Drought

Sectors Im pact Needs Indicative

DRR Needs

Damage Losses Total Recovery Reconstruction Total

Agriculture 121,104.1 121,104.1 5,048 .8 5,048 .8 13 ,736.8

Livestock 56,141.7 643,194 .5 699,336.2 50,237 56,142 106,379 85 ,10 3 .0

Fisheries 502.6 3,661 4,163 .6 406.4 753.9 1,160.3 2,991.2

Agro-industry 7,159 .6 7,159.6 -

Health 4,745 .7 4,745 .7 5,099 5,099

Nutrition 6,699 .4 6,699.4 225.1 225.1 130.9

Education 41.9 3,937.8 3,979.7 590.1 55.7 645.8 3,592.1

Energy 32,392.3 32,392.3 13,000 13,000

Water & sanitation 7,736.1 80 ,466.9 88,203 4,964 .2 12,304.1 17,268.3 78,627.3

Environment, Tourism

Forestry, W ildlife 22.2 762.4 784.6 7,387.9 7,387 .9 647.5

Total 64,444.5 904,123 .7 968,568.2 86 ,958 .5 69 ,255.7 156,214.2 184,828.8

(Source: PDNA, 2012).

Demand for water and pasture in northern Kenya has led to community conflicts which are 

mainly seasonal and escalates during the dry season when the competition over water and 

grazing land intensifies and may involve cross-border conflicts (Mkutu, 2001; Oguge et al., 

2006; Orindi et al., 2007; Mureithi and Opiyo, 2010) Orindi et al. (2007) indicated that, 

when drought occurs, pastoralists are faced with several challenges including; low 

productivity level, high mortality rate, poor calving rates and reduced animal weight that 

leads to low market value. Due to climate change and variability, these conflicts on natural 

resources are likely to increase in the future, therefore, there is need for research on the future 

climate change impact on natural resources.

2.2.2 Floods

Floods in Kenya are mainly associated with the positive phase of ENSO (El-Nino). The 

997/98 El-Nirk) lead to an outbreak of Rift Valley Fever (RVF) which is a vector borne 

isease transmitted by mosquitoes (genus Aedes) which breed in flooded areas. The RVF
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was first discovered in Kenya in 1931 (Indeje et al., 2006) in the Rift Valley where the flock 

suffered serious losses. Kenya was a net exporter of dairy products till 1990s, but since 1997, 

exports have declined and imports have grown (FAO, 2006). The 1997/98 flood caused the 

Greater Horn of Africa (GHA) millions of dollars and negative impact to pastoralist 

livelihoods due to the RFV outbreak and trade bans (Indeje et al., 2006). It was also reported 

that many cases were confined in the northern and northeastern Kenya during this period and 

was related to 1961/62 incidence. Indeje et al. (2006) also reported that the RVF occurs in 

Kenya at intervals of 3-12 years.

It has also been reported that temporal and spatial patterns of NDVI in the semi-arid areas of 

East Africa has a significant relationship with rainfall (Davenport and Nicholson 1993; 

Anyamba et al., 2002; Indeje et al., 2006). Davenport and Nicholson (1993) reported that this 

significant relationship (about 0.89) between annually integrated NDVI and the log of annual 

rainfall occurred when the annual rainfall was below 1000 mm and monthly rainfall below 

200 mm. Indeje et al. (2006) found out that NDVI can be used to forecast RVF with a 1-3 

months lead time and that it has better forecasting skill over the lowlands of Kenya and 

Tanzania.

2.2.3 Heat stress

Heat stress has been defined by Hansen (2009) as the environment that drives body 

temperature above a particular temperature threshold, above which key physical functions 

are, disrupted (e.g. feeding and reproductive health). Heat stress also increases mortality 

(Hoffmann, 2010). Genetic adaptation to higher temperatures is a function of the regulation 

of body temperature and cellular resistance (Garderen, 2011). Dangerous body temperatures 

in most species are beyond 45-47°C and therefore heat stress is an important factor in 

determining suitable environment for livestock farming (Zwald et a!., 2003; Hoffmann, 

2010). An observation by Hansen (2009) also concluded that mammals tend to be more 

tolerant of low temperatures than high temperatures.

Increase in temperature has impacted cattle farming in many ways and research has focused 

mainly on the issue of heat stress. It is also a fact that different cattle breeds have different 

thermoregulatory capacity (Garderen, 2011). The high, productive modem dairy cow starts to
i 9
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lose the ability to regulate body temperature at air temperatures ranging from 25°C to 29°C. 

Pszczola et al. (2009) noted that heat stress causes a decline in fertility in the summer in all 

regions of the United States.

From a range of literature Garderen (2011) summarized key temperature thresholds critical to 

cattle heat stress as shown in Table 3 below. He also indicated that 32°C appears to be the 

generally accepted comfort threshold for most cattle breeds. Temperature-Humidity Index 

(THI) or dry-bulb temperature is also given in Table 3. Hoffmann (2010) reported that “Dry- 

bulb temperature or THI are used to as indicators of heat stress.”

T ab le  3: T em p era tu re  th resh o ld s cr itica l to ca ttle  h ea t stress

Threshold Relevant to
72 THI
(22°C at 100% humidity)

Comfort threshold for U S. Holsteins heat stress
(Sanchez et al., 2009; Ravagnolo et al., 2000; Freitas et al.,
2006)

72 THI
(22°C at 100% humidity)

Comfort threshold for high-producing dairy cows 
(Hernandez et al., 2002); higher for Bos indicus breeds (which 
are highly adapted to heat stress)

27°C Upper limit of comfort zone for maximum milk production in
India, which is 2°C higher than for temperate countries (Sirohi 
and Michaelowa 2007)

28UC and high humidity Heat stress begins in most breeds (Agricultural Information 
Centre, Government of Alberta)

30°C ambient 
temperature

Point at which Bos Taurus and Bos indicus show differing
response to heat stress (Hernandez et al., 2002)

32UC Accepted comfort threshold for most cattle breeds
78 THI Critical limit for every kind of livestock

(Source: Garderen, 2011.)

2.3 Climate conditions for cattle farming

The rangelands have limited support for crop farming but they support livestock farming i.e. 

cattle, goats, sheep, donkeys and camels (FAO, 2006). Water is important in livestock 

production system. Animals mainly drink water daiiy to be productive and every few days for 

their survival (King, 1983). King (1983) reported that East African Zebu can be estimated to 

take 140 liters of water per day. Hansen (2009) and Hoffmann (2010) identified heat stress as 

an important component that drives body temperature for livestock above a particular 

temperature threshold. High temperature has a negative effect on their normal functionalities
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i.e. feeding, reproductive health and increase in mortality. On average, the high productive 

dairy cow starts to lose the ability to regulate body temperature at air temperatures of 32°C as 

summarized by Garderen (2011) in Table 3.

2.4 Livestock adaptation to climate change

Adaptation is the ability to produce and reproduce by cattle breeds in a given environment or 

acquiring alternative breeds for a specific environment as defined by Barker (2009). IPCC 

defined adaptation as “the initiatives and measures to reduce the vulnerability of natural and 

human systems against actual or expected climate change effects” (Pachauri and Reisinger, 

2008; Hoffmann, 2010; 1PPC, 2013). Adaptation behaviors are characterized by low 

heritability, and one way to adapt to climate change is through the utilization of animal 

genetic variety (Hoffmann, 2010). Hoffmann (2010) reported that ruminants have higher 

degree of thermal tolerance than mono-gastric species and therefore, there are substantial 

differences in thermal tolerance between species. Breeds in temperate regions supply bulk 

product in the market but they don’t adapt well to heat stress (Hoffmann, 2010). Several 

research have been done on heat stress but still there is need for simulating livestock 

adaptation to climate change and future impacts of climate change on livestock farming 

under the changing climate.

Zebu cattle have been reported to sustain low rectal temperatures, low respiratory rates as 

well as low water intake (King, 1983; Hoffmann, 2010). A study by Moonga and Chitambo 

(2010) deduced that traditional livestock breeds are likely to play a significant role in 

adaptation to climate change. It has also been reported that commercial dairy and beef are 

more vulnerable to the effect of climate change than small farms (Hoffmann, 2010). 

Therefore there is need for more research on the adaptive nature of traditional livestock to 

different climatic conditions.

Pastoralism in harsh climatic conditions has been the livelihood of many communities in 

northern Kenya for centuries (Birch and Grahn, 2007; Schilling et al., 2011). In case of losses 

(animal death), the pastoralist borrow money from families and friends in order to restock 

their animals. They also migrate in response to spatiotemporal variability in water availability 

and forage (Chantarat et al., 2013). In order for farmers to protect their livestock from the
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physiological stress of climate change, they need access to capital and technologies 

(Hoffmann, 2010) otherwise, breed displacement and losses may increase. The Government 

of Kenya (GoK, 2010) has prioritize livestock as an area for policy support and 

recommended the creation of special livestock insurance schemes to transfer or spread 

climate related risk that impacts negatively on the livestock sector mainly on the on northern 

Kenya Donor agencies and governments have developed and implemented ways of reducing 

the vulnerability of pastoralists to the impacts of drought (Orindi et al., 2007).

Hoffmann (2010) gave two ways in which climate change adaptation can be considered. 

These ways are, “How can animals genetic resources cope with and adapt to climate change 

while continuing to contribute to food security and rural livelihoods?” and “How can the 

option value of genetic resources be maintained and potential loss of diversity minimized in 

the event of climate change?”

As the temperature rises, livestock models that consider agro-ecological conditions, 

production systems and climate change effects have indicated that farmers will change from 

cattle and chickens farming to goats and sheep as shown in Table 4 (Orindi et al., 2007; 

Herrero et al., 2008; Seo and Mendelsohn, 2008; Hoffmann, 2010). An example is the Sahel 

region where cattle have been replaced by dromedaries and sheep replaced by goats. They 

also indicate that livestock in ASALs of Africa will expand at the cost of humid and 

temperate highlands systems provided that there will be enough rainfall to support vegetation 

growth (Seo and Mendelsohn, 2008; Hoffmann, 2010). It is also important to note that 

environmental degradation is likely to worsen the impact of climate change which further 

leads to increased cost of climate change adaptation (Hoffmann, 2010).

/
\
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T a b le  4: P rojected  hum an and livestock  popu lation  o v er  A fr ica

Population (‘000) Year

2000 2030 2050

Human Population 30,529 41,169 44,313

Cattle 13,840 12,988 12,452

Goat 9,600 11,058 10,803

Sheep 8,439 9,415 9,157

(Source: Orindi et al. 2007)

Coping strategy by the pastoral communities are aimed at facilitating recovery and 

minimizing losses due to drought (Orindi et al., 2007). They also keep mixed herds as a 

means of risk management since different group of animals are affected differently during 

drought. The knowledge of coping and adapting to the effect of climate change by farmers 

should be the foundation for designing agricultural innovation systems to deal with climate 

change impacts (T.ema and Majule, 2009), T.ema and Majule (2009) recommended that 

communities in the semi-arid areas should focus more on water harvesting in order to store 

water for livestock and crops. There is need not only to harvest and store water but also to 

identify areas that are adversely affected by the climate extremes in the ASAL regions of 

Kenya. /

New climate change model outputs are available from Coordinated Regional Downscaling 

Experiments (CORDEX). In order to achieve the objective of this study, CORDEX datasets 

were used to assess the future impact of extreme climate change and variability on livestock 

in ASALs of Kenya.

t
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CHAPTER THREE

3.0 Data and methodology

This chapter presents the data type and source together with the methodology that were 

employed to address the specific objectives of this study.

3.1 Data

The data used include rainfall, maximum and minimum air temperature all at monthly time 

series, yearly livestock population data set, and the CORDEX Representative Concentration 

Pathways (RCP 4.5 and 8.5) data. Detailed descriptions of the data set that were used and 

their sources are described in the next sub-sections.

3.1.1 Observed climate and livestock population data

Monthly rainfall and temperature data set for the period 1961 to 2013 were used. These data 

sets were obtained from the IGAD Climate Prediction and Prediction Centre (ICPAC). 

Livestock population data from 1970 to 2012 was obtained from Food and Agricultural 

Organization of the United Nation (FAO) department of livestock production. This data 

mainly consisted of beef cattle and dairy cattle of the Zebu breed for different counties in 

northern Kenya.

3.1.2 Climate Research Unit Data

The CRU gridded observations dataset for station and satellite data from the University of 

East Anglia (UEA) and provides a gridded monthly time series from 1900 to present 

covering the global land surface and have been interpolated over a 0.5° x 0.5° grid spacing 

(Mitchel et al.,2005; Omondi, 2010). This data set is based on an angular-distance weighted 

(ADW) interpolation method similar to that of Willmott et al. (1985) using the station data. 

CRU version CRUTS 3.2.2 was extracted from the University of Anglia database for the 

period 1961 to 2013. in this study, precipitation, maximum and minimum surface air 

temperature were used to examine the effect of past climate on cattle farming and for model

validation. Studies that have used CRU data set over East Africa have shown that CRU is a
* * 

t
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good representation of rainfall in relation to station observation over the regi°n (Sabii

2008; Omondi, 2010; Otieno, 2014).

3.1.3 Climate projection data sets

The CORDEX representative concentration pathways (RCPs) are a set of four ne'' Pat^wa^  

(near-term and long-term modelling experiment) developed for the climate rflodelli  ̂

community (Van Vuuren, et al., 2011). They span a range of years up to 2100 vvdthv a ûes  ̂

radiative forcing being 2.6, 4.5, 6.0 and 8.5 W/m2 (RCP2.6, RCP4.5, RCP6.0 at*1 RCP^
i i ^

respectively). RCPs are developed scenario set containing emission, concentrationa ^

use trajectories (Moss et al., 2010; Van Vuuren et al., 2011; TPCC, 2013) An o 'erx,e"  v
emissi,

consider.
the RCPs is given in Table 5 below. From literature, RCP8.5 is seen as a hig*1 

scenario, RCP6.0 is medium baseline or a high mitigation case, RCP4.5 may be cu“‘3,u'"^l 

as an intermediate mitigation scenario and RCP2.6 is lowest mitigation sceflan° 

Vuuren et al., 2011). These characteristics are summarised in Table 6.

The CORDEX RCPs climate scenario runs were initiated by the world climate resear.

program using the domain of Africa (Endris et al., 2013). The runs were forced by 

surface boundary condition from the European Centre for Medium Range

lateral a
\

Weatl)

Forecasting (ECMWF) Interim Re-Analysis (ERA-Interim). The simulations for C^RDE)^ 

African domain were performed at 50 km resolution and the experimental data are availa^ 

For the period 1989-2008 (Endris et al., 2013).

The climate projection dataset were obtained from ICPAC data repository for pen' 

2006 to 2100. Simulated monthly rainfall and maximum temperature from the C^RD]^ 

Models (RCP4.5 and RCP8.5) we used in this study.



T a b le  5: O v erv iew  o f  th e rep resen ta tiv e  co n cen tra tion  p a th w ays

Description Publication-IA Model

RCP8.5 Rising radiative forcing pathway leading
to 8 5 W/m2 (-1370 ppm CO; eq) by 2100.

(Riahi et ol., 2007)-
MESSAGE

RCP6 Stabilization without overshoot pathway to 
6 W/m2 (-850 ppm CO2 eq) at 
stabilization after 2100.

(Fujino et a/., 2006; Hijioka 
et a/.,2008)-AIM

RCP4.5 Stabilization without overshoot pathway to 
4.5 W/m2 (-650 ppm CO; eq) at 
stabilization after 2100.

(Clarke et al., 2007; Smith 
and Wigley 2006; Wise et 
ah, 2009)-GCAM.

RCP2 6 Peak in radiative forcing at -3 W/m2 (-490 
ppm CO2 eq) before 2100 and then decline 
(the selected pathway declines to 2.6 W/m2 
by 2100).

(Van Vuuren et ah, 2007a; 
Van Vuuren et al., 2006)- 
IMAGE

(Source: Van Vuuren, 2011)

T ab le 6: M ain  C h a ra cter istic  o f  each  rep resen ta tive  co n cen tra tio n  p ath w ays (R C P s)

S cenario
C om p on en t

R C P 2.6 R C P 4.5 R C P 6 R C P 8.5

Greenhouse 
gas emissions

Very low Medium-low
mitigation.
Very low 
baseline

Medium 
baseline; high 
mitigation

High baseline

/

Agricultural
area

Medium for 
cropland and
pasture

Very low for 
both cropland
and pasture

Medium for 
cropland but
very low for 
pasture (total 
low)

Medium for 
both cropland
and pasture

Air pollution Medium-low Medium Medium Medium-high

(Source: Van Vuuren, 2011)
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3.1.4 Estimation o f missing data

The World Meteorological Organization (WMO) standards for estimating missing data is 

that, the missing data of a station should be less than 10% of the total records. There are 

several techniques for estimating missing data including; Thiessen polygon method, 

Isohyetal method, the arithmetic means, the isopleths method, finite differencing method, 

Correlation and regression method.

Station correlation analysis was used to estimate the missing data for a station. When the 

correlation value is +1, it denotes perfect positive linear relationship and if it is -1, it denotes 

a perfect negative linear relationship (Indeje et al., 2000).The period with complete data was 

correlated with the neighboring station using Equation 1.

! i f v  - T v ,  - )i'V /=1
xy

l E - T
1 / 2

N 1 N h

( 1 )

Where (Equation 1), y^  is the correlation coefficient between the values of the two stations, 

TV is the total number of years with complete records, % is the available datasets for station

with missing data, x is the mean of the available data for the same station, y t is the dataset

for the neighboring station with complete records and y  is the long-term mean of the station
/

with complete records.

The student T-test was used to test for the significance of the correlation coefficient by 

comparing the t-statistic given as Equation 3. Correlation coefficient is significant if the 

computed value of t is greater than the tabulated value for a given value of confidence.

Where, n represents the length of the data that were used, n -  2 is the degrees of freedom, 
In- 2 is the value of the confidence level computed from the correlation coefficient and r is

the correlation coefficient. '  >
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In order to fill in the missing records, a regression equation using the least-squares approach 

was developed. Regression equation of the form given in Equation 2 was developed for the 

period with complete data and then used to estimate the record in the station with missing 

data.

Where, xi are the predictor, a and hi are constants, and y  is the predicted missing value for 

the affected station with missing data.

3.1.5 Homogeneity tests

Quantitative climate analyses require a good foundation of reliable climate data. However, 

several factors affect the quality of data and should be considered for any analyses (Sahin 

and Cigizoglu, 2010). The common techniques of evaluating data quality are single and 

double-mass curves. It should be noted that this method have been adopted in many past. 

Conversely, Coaster and Soares (2009) hold that these methods are subjective and should 

only be used for trial purposes without any scientific interest. Much robust methods were 

therefore applied in this study, i.e. Standard Normal Homogeneity Test (SNHT), Pettitt test, 

Buishand range test, and Von Neumann ratio. These techniques have been found useful for 

testing the homogeneity of climate dataset (Pettitt, 1979; Wijngaard et al., 2003; Costa et al., 

2008; Costa and Soares, 2009; Kang and Yusof, 2012; Orlowsky, 2015).

These methods involve transforming the data to a value statistic that can be assigned a 

critical value depending on the size of the dataset. The SNHT is more sensitive to detect 

inhomogeneity near the beginning and the end of the dataset. However, the Buishand test is 

powerful in detecting breaks at the middle of the data (Wijngaard et al., 2003; Sahin and 

Cigizoglu, 2010). According to Pettitt (1979), the Pettitt test can be used to detect a single 

breakpoint in a time series. The SNHT is given by Equation 4 while the Buishand test is 

given by Equation 5 (Gonzalez-Rouco et al., 2001; Tank, 2007; Sahin and Cigizoglu, 2010; 

Orlowsky, 2015).

(3)

T ( k )  =  k z l  +  (n -  k ) z :*1
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Where

-  _  1 J&jiYj-Y) 
1 k s And *2 =

i s ^ +1(y, ■?)
n -k  s

In Equation 4, Y; is the annual series to be tested, Y is the mean, k years of record with that of 

the last n-\ years and s is the standard deviation.

Sq = 0 a n d  S*k = T.1i=1(.Yi - Y )  k  =  1...... n  (5)

The terms (Eqn. 5), S*k is the partial sum of the given series, Y, is the annual series, and Y is 

the mean. A series is said to be homogeneous when the value S * fluctuates around zero, 

since there is no deviations of Y; values with respect to the mean (Gonzalez-Rouco et at., 

2001; Tank, 2007; Sahin and Cigizoglu, 2010).

Pettitt test is based on the rank, rt of the 7, and does not consider the normality of the series 

and it’s given by the equation below.

Xy =  2 Z r = i n  - y ( n  +  1), y  =  1,2, ...,n (6)

Where the break occurs at year k is given by

Xk =  m a x ^ y s n l^ y l  (7 )

The simulated values of Pettitt are given in Table 7 which can be compared'with the analyzed 

result.

T ab le 7: 1%  and 5%  cr itica l va lu es for  A* o f  th e  P ettitt  test as a fu n ction  o f  n.
n 20 30 40 50 70 100

1% 71 133 208 293 488 841
5% 57 107 167 235 393 677

The final test is the Von Neumann ratio test, it uses the ratio of mean square successive (year 

to year) difference to the variance (Costa and Soares, 2009; Kang and Yusof, 2012). If the 

sample is homogeneous, the expected value is two (AK>). If there is a break in the sample,
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then the value of N is lower than 2. The Von Neumann ratio test is given by Equation 8 

(Kang and Yusof, 2012).

N =
XiLiO'i-Y)2 (8)

The result of these test were categorized into three classes, i.e. 1 useful", doubtful and 

“suspect” depending on the number of rejected null hypothesis which state that, the annual 

values Yj of the testing variable Y are identically distributed, independent and it’s 

homogeneous at 1% significant level (Wijngaard et ah, 2003; Kang and Yusof, 2012; 

Orlowsky, 2015). The data was classified as useful if it rejected one or none null hypothesis 

under the four tests, it was then considered as homogeneous and can be used for further 

analysis. If the series reject the two null hypotheses of the four tests, it was then considered 

doubtful and was inspected before further analysis A data series was considered suspect if it 

rejects three or the four null hypotheses and therefore was not considered for further analysis 

(Wijngaard et ah, 2003; Kang and Yusof, 2012). This classification was adopted in this study 

to analyze observed data homogeneity.

3.2 Methodology

Methodologies presented in this section are those that were used to address the specific

objectives of the study. These include methodologies for determining the evidence of
/

variability and changes in rainfall and temperature extremes in Kenya ASALs, assessing the 

changes in livestock population that may be associated with past and present climate 

extremes, and assessing the future climate change scenarios and their potential impacts on 

pastoral systems in ASALs of Kenyan.

3.2.1 Determining the evidence o f  variability and changes in rainfall and 
temperature extremes in Kenya ASALs

This specific objective was investigated through analyses of the past trends in both rainfall 

and surface air temperature. Three methods were adopted in this study namely arithmetic 

average method comparing averages of two sub-periods, Graphical analysis and time series 

analysis. Under arithmetic mean method, the observed data for the individual seasons (DJF,

27



MAM, JJA, and SON) were grouped into four categories namely 1901 - 1930, 1931 -  1960, 

1961 -  1990, and 1991 - 2013. The WMO climatological baseline of 1961 to 1990 was used 

to assess the change in the mean with the period 1991-2013 and their statistical differences 

tested using the student t-test (see Equation 3). Graphical method involved the spatial 

analysis of the distribution of rainfall and surface air temperature over the study area, while 

time series analysis were trend test, cyclic and the seasonal analysis

Gaussian Kernel density distribution was also used to assess change in the patterns of the 

extremes over the study area (Equation. 9).

Where fs is the variable, K: is the Kernel, h is a scaling factor (Bandwidth), N  is the number 

of sample, and lrs indicates h to the power of A (Terrell and Scott, 1992; Bessa et al, 2012; 

Mohseni et al., 2014).

Several studies have also used this method to analyze the evidence of climate change (IPCC, 

2012; Bessa et al, 2012; Ogungbenro and Morakinyo, 2014; Mohseni et al, 2014; McCabe 

et al., 2014; Chu et al., 2015; Chen et al., 2015, Van Ackooij and Minoux, 2015). Gaussian 

Kernel density distribution method examines changes in the first four moments represented 

with mean, variance, skewness and kurtosis coefficients (IPCC, 2012).

/
Mann-Kendall trend test was then used to examine the trends in rainfall and surface air 

temperature using Equation. 10.

(9)

( 10)

Where .try are the sequential values, n in the length of the data set, and
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sgn(0) =
i if e > o 
o if e = o

Ui ife < o
( i i )

This test was suggested by Mann in 1945 and it has been widely used (Yue et al., 2002; 

Hipel and McLeod, 2005; Hamed, 2008; Ngaina and Mutai, 2013; Orlowsky, 2015).

In this test, tau is the test statistic and it gives a positive trend when the value of tau is 

positive and negative trend when tau gives a negative value. The level of significance used in 

this study was 0.05 (P-value=0.05). The trend tests were considered significant if their P- 

value was equal to or less than 0.05 (P-value =< 0.05).

3.2.2 Assessing the changes in livestock population that may be associated 
with past and present climate extremes

This specific objective investigates the effect of climate extremes on cattle farming in the 

ASALs. Cattle start to lose its ability to regulate body temperature at an air temperature of 

29°C. From a wide range of literature Garderen (2011) summarized key temperature 

thresholds critical to cattle heat stress as shown in fable 3. Accepted comfort threshold for 

most cattle breeds is 32°C (Garderen, 2011). In this study, temperature 32°C was used as the 

comfort threshold for cattle farming.

Indices have been developed in recent years to detect and monitor drought. The more 

commonly used ones are the Standardized Precipitation Index (SPI) and Palmer Drought 

Severity Index (PDSI). The SPI which is the World Meteorological Organization (WMO) 

approved index for meteorological drought (McKee et al., 1993; Bonaccorso et al„ 2003; 

WMO, 2012; Sheffield et ai, 2014) was adopted in this study to identify the abnormal 

wetness and dryness of an area. This index is marked with its simplicity and its ability to 

identify the onset, the ending, and the severity levels of a drought event (Christos, 2011).

The SPI computation starts with building a frequency distribution for rainfall data at a place 

for a given time period (Wu et al., 2001; 2005). Wu et al. (2001) further highlighted that a 

probability distribution function gamma is then fitted in order to determine the cumulative

distribution of precipitation. With zero being the mean and one being the variance, the

29



standard normal distribution is obtained by an equi-probability transformation (Figure 2) 

made from the cumulative distribution (Wu et al., 2001; Wu et al., 2005; Cancelliere et al., 

2007). The transformation probability is then referred to us the SP1 value which ranges from 

- 2.0 to + 2.0 (Edwards, 1997; Wu et al., 2001). The SPI calculation requires at least 30 years 

period of data with no missing data and users can choose the time scale (1, 2, 3, ..., to 72 

months) of the SPI for different application (Edwards. 1997; Wu et al., 2001; Wu et al., 

2005; Cancelliere et al., 2007). Table 8 gives the threshold that categorizes different types of 

drought (Cancelliere et al., 2007; WMO, 2012).

Where a is a shape parameter (a > 0), p is a scale parameter (P > 0), x  is the precipitation 

amount (jc > 0), and

Where T (a) is the gamma function (Wu et al., 2005).

The SPI values are computed through the following simple standardization procedure 

(Equation 13).

g O )  = ^ 4 o * “ l e  VP For.r > 0 (12)

r(a) =  /0°°y00 l e y Ay (13)

(14)

With

X v,T-i be’nS the aggregated precipitation at k months, ptx being the mean 

at r months and aT is the standard deviation at r months (Cancelliere et al., 2007).
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T ab le  8: S ta n d a rd ized  P recip ita tion  Index (S P I) values

2.0 +
1.5 to 1.99 
1.0 to 1.49 
-0.99 to 0.99 
-1.0 to -1.49 
-1.5 to -1.99 
-2 and less

Extremely wet 
Very wet 
Moderately wet 
Near normal 
Moderately dry 
Severely dry 
Extremely dry

(Source: WMO, 2012)

I wetness an,The SPI is better than PDSI since it gives a better representation of abnorm^A 

dryness of an area, it is also less complex than PDSI among other-indices since thc °n'y mpl|l 

is precipitation and that it can be computed for different time scale (Wu e> 

Cancelliere et al., 2007; WMO, 2012; Di Lena et al., 2014). Its main shortcogf*111̂  'Sthat il 

doesn’t account for the effect of temperature (Di Lena el al., 2014). The SP( 

done at different run time i.e. 3, 6, 12, 24, 36, and 48 months The resists ge^/

analysis wâ  

i crated bv tin
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SPI were then used with the cattle population dataset to examine the effect of climate 

extreme on cattle farming by comparing the cattle population for the extreme wet and dry 

conditions.

3.2.3 Assessing the future climate change scenarios and their potential 
impacts on pastoral system in ASALs o f Kenya

Each model has its weaknesses and strengths (Endris et al., 2013), therefore, an ensemble of 

the models was computed and its performance evaluated with the other individual models 

against observation. In order to assess the performance of the models against observations, 

the study used the following methods: time series analysis, model bias, correlation, Root 

Mean Square Difference (RMSD), and Standard Deviations (SD). Time series analysis was 

noted to be a subjective way of identifying the best model that replicates the observation, 

therefore, model bias, correlation analysis, RMSD and SD methods were used to identify the 

best model. Taylor diagram was used in the study since it provide a statistical summary of 

how well patterns match each other in terms of their correlation, RMSD, and SD when 

tracking changes in performance of a model (Taylor, 2012). From Figure 3, the position of 

each letter appearing on the plot quantifies how closely the model's simulates the 

observations. The closer the models are to the observation, the more reliable the models are 

in simulating the observation.

Below is the Taylor diagram equation,

E?=crP+o i - 2<TP<x, p po (is)
Where E is the mean square error, ( j  is the standard deviation for model simulated and 

( j 0 is the standard deviation for observed value and p  is the correlation between model 

predicted values and observed values.



Figure 3: Schematic representation of Taylor diagram.
(Source: Taylor, 2012)

To achieve this specific objective, the chosen model was then subjected to further analysis 

which involved Gaussian kernel method, graphical methods, and the SPI analysis. Graphical 

methods were used to assess the possible impact of the future climate change scenarios 

(2030, 2050, and 2070) on cattle fanning in the study area based on the temperature 

thresholds discussed in section 3.2.2 above, future suitable cattle farming areas were

developed for different seasons in a year (DJF, MAM, JJA and SON). In this study* the
/

comfort threshold for cattle were classified as non-existing for temperature less than 30°C, 

moderate for 30-32°C, moderately high for 32-34(lC, and severe for temperatures greater 

than 34°C. The Gaussian kernel method discussed in subsection 3.2.1 was also used with the 

future non-overlapping climatic penod which were 2017-21)46, 2047-2076, and 2077^2100, 

to analyse future climate change for rainfall and maximum temperature. The SPI metf>°d as 

discussed in subsection 3.2.1 above was also used to analyse the future occurrences of 

abnormal wetness and dryness (Table 8) and their periodicity and magnitude over the study 

area under the current climate scenarios (RCP 4.5 and RCP 8.5).

\
f
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CHAPTER FOUR

4,0 Results and Discussion

The results and discussion that arise from the various methods that were used to achieve the 

main objective of the study are presented in this chapter.

4.1 Data Quality Control

The observed datasets (rainfall, maximum and minimum temperature) that were used in this 

study were subjected to homogeneity test. Two significant levels were used in these tests i.e. 

1% significant level (pi), 5% significant level (p5) while NS means Not Significant in Table 

9. Observed rainfall data was found to be homogeneous for both Lodwar and Marsabit 

stations (Table 9) with a Von Neumann ration of 1.96 and 1.99 respectively. Temperature 

data set was noted to be “suspect” (inhomogeneous) except maximum temperature for 

Marsabit which was “useful” (homogeneous) and was used for further analysis. Maximum 

temperature for Lodwar station (Turkana County) was found to be inhomogeneous, on the 

contrary; a study by King'uyu et al. (2011) indicated that this temperature is homogeneous 

and the possible cause of the inconsistency if the use of single and double mass curve 

methods.

f
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T a b le  9: H o m o g en eity  test resu lt for  S N H T , B H R , P E T  and  V O N  for  T u rk a n a  and  

M a rsa b it ob served  d atasets

MaxTemp MeanTemp MinTemp Rainfall
SNH J i ___________ _£]____________ _El__________ NS
BHR _£l___________ J 2 l____________ JJI__________ N S

C/D -♦—»C/) PET Pi Pl P5 NS
<u VON pl pl Pl NS

1*/ SNII 20 12 10 51

< C/}
*1
<u

BHR 21 28 31 24

£ PET 23 30 30 20
Q t—<

CQ V O N 0.75 0.69 0.76 1.96
O

c la s s e s su sp ect su sp ect su sp ect usefu l
SNH P5 p L Pl NS
BHR NS p i Pl N S

C/)
on PET NS JSl____________ pl NS
<u

H VON NS pl Pl NS
u< SN H 35 17 22 25
03
<

C/)
’i
<u

BHR 21 18 23 26
PET 17 17 22 25

d Vh
PQ VO N 1.64 LOO 0.69 1.99

........S». . classes usefu l su sp ect su sp ect usefu l

4.2 Validation of CRIJ data

Figure 4 show a time series performance of CRU against observation from Lodwar station in 

Turkana County and the correlation between CRIJ and observation rainfall (mm). Figure 4 

represents Lodwar annual rainfall total in millimeters for the period 1951 to-2013. The CRU 

data was obtained by extracting a grid box over the Lodwar station. The correlation of CRU 

and observation was above 70% (0.72) as evident in Figure 4; therefore, CRU indicates a 

high agreement with observation, other studies that have used CRU data set as satellite 

observation over east Africa (Sabiiti, 2008; Omondi, 2010; Endris et al., 2013; Otieno, 

2014). This study has also shown that CRU is a good representation of rainfall and 

temperature in relation to station observation over the region. CRIJ was therefore used as 

proxy for observed data in this study for rainfall and temperature.

f
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Figure 4: Comparison between CRU and obserx'ed rainfall (mm) dataset and the 
correlation for the period 1951 to 2013 over Turkanu County.

4.3 Determining the evidence of variability and change in rainfall 
and temperature extremes in Kenya ASALs

This subsection presents the discussion on rainfail patterns and variability, surface air 

temperature patterns, evidence of past climate change, and trends in rainfall, maximum and 

minimum surface air temperature for the study area.

4.3.1 Rainfall patterns

Observed rainfall range for the seasons were; 30-180 mm for DJF, 110-500 mm for MAM, 

0-300 mm for JJA and 110-380 mm for SON over the study area. Figure 5 and Figure 6 

show rainfail distribution for DJF and MAM respectively for different climatic periods i.e. 

1901-1930 (a), 1931-1960 (b), 1961-1990 (c) and 1991-2013 (d). From these figures, it’s 

clear that rainfall is high in the southern part of the study area (Samburu and Isiolo County) 

and low in the north-western part Qf the study area (much of Turkdna County). The pattern
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was observed during DJF, MAM, and SON seasons. During JJA season, more rainfall were 

observed on the western part of the study area and low rainfall amounts on the eastern part 

for all the climatic periods. The observed patterns can be attributed to the altitude of the study

area. Samburu County has the highest altitude than the rest of the study area thus it receives 

the highest rainfall amount.

Rainfall mm

Figure 5: The mean seasonal rainfall over the ASALs of northern Kenya during the 
December, January, and February season of (a) 1901-19JO, (b) 1931-1960, (c) 1961-1990, 
and (d) 1991-2013.



Figure 6: The mean seasonal rainfall over the ASALs of northern Kenya during the 
March, April, and May season of (a) 1901-1930, (b) 1931-1960, (c) 1961-1990 and (d) 
1991-2013.

However, changes in spatial distribution of rainfall for different climatic periods are not clear 

in Figure 5 and Figure 6. Therefore, changes in rainfall distribution were computed and are 

clearly shown in Figure 7. In Figure 7, DJF changes are represented in the first row (a and b) 

while changes in JJA are shown in the second row (c and d). Part (a) clearly indicates that 

rainfall has increased over south eastern part of the study area while the north western part 

shows a decrease in rainfall during DJF season But difference in the recent past (Figure 7 

(b)) showed that DJF rainfall has decreased in much of the study area covering central to
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north western part of the study area. A positive change in rainfall over the south eastern part 

of the study area was also evident. For JJA seasonal rainfall the changes in rainfall were 

positive at all locations study area Figure 7 (c) and (d).

(1991-2013)-(1931 I960)

(1991-2013)-(1931 1960)

(1991 2013) - (1961 1990)

Change(m

r< 4.84 
4.84 - 10. 
10.5-16.16 
16.17-21.83 
>21.83

Change(mm

■  < -7.05 
■-7 .05--1 .31  
□ -1 .3 -3 .8 4  

I 3.85 - 9.29 
■ ■ > 9 . 3

Figure 7: Changes in mean seasonal rainfall over the ASALs of northern Kenya during 
the December, January, and February (a) (1991-2013) -  (1931-1960), (b) (1991-2013) 
(1961-1990) and during the June, July, and August (c) (1991-2013) -  (1931-1960), (d) 
(1991-2013) -  (1961-1990).

Unlike the DJF which had mixed signals, the MAM season have a clear decreasing signal 

over Ihe entire study area. However, the magnitude for DJF was moderate compared to the 

MAM season. It is clear that the decrease in rainfall has occurred in much of the study area 

except southeastern part of the study area, this is in line with the study of Orindi et al. (2007)
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who indicated that rainfall means have decreased inland of Kenya. Change in t^e recent Past

for the SON season indicates a decrease in rainfall for the entire study area.

Figure 8: Changes in mean seasonal rainfall over the ASALs of northern ^
the March, April, and May (a) (1991-2013) -  (1931-1960), (b) (1991-2013) -  r  
and during the September, October, ami November (c) (1991-2013) -  (193i~ ’ ' '
(1991-2013) -  (1961-1990).

1
P
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1000

Figure 9: Time series of the annual rainfall over Marsabit County for the period 1951 to 
2013. The decreasing tendency is clearly shown by the blue line.

4.3.2 Rainfall variability

In order to detect the area affected by extremes, rainfall variability (standard deviation) was 

plotted for DJF, MAM, JJA, and SON seasons. Figure 10 indicates that rainfall variability is 

high in the southern part of the study area covering Samburu and Isiolo Counties and low in 

western and north western part of the study area during DJF season. The same pattern is also

observed for MAM and SON seasons. Areas of high variability are attributed the high 

rainfall received in the area.

/
\

f
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Figure 10: Standard deviation of the December, January, and February seasonal rainfall 
over the ASALs of northern Kenya over (a) 1901-1930, (k) 1931-1960, (c) 1961-1990, and 
(d) 1991-2013.

A different pattern was observed in JJA season as shown in Figure 11. JJA season indicated 

that rainfall variability was high in western part of the study area covering much of Turkana 

County and low variability observed on the eastern part. This may be attributed to the rainfall 

distribution which was high on the western part than the eastern part of the study area. High

rainfall variability exposes regions to rainfall extremes which are likely to cause flooding and
*

\ fI *» .
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drought. Low rainfall variability has a positive effect to livestock farming and other socio

economic sectors.

Figure 11: Standard deviation of the June, July and August seasonal rainfall over the 
ASALsof northern Kenya over (a) 1901-19.10, (h) 1911-1960, (c) 1961-1990, and (d) 1991- 
2013.

4.3.3 Temperature patterns

Maximum surface air temperature over the study area has an increasing trend indicating that 

temperatures over the ASALs are increasing (Figure 12). In order to determine the evidence
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of change in temperature, spatial analysis was performed for the four different seasons (DJF, 

MAM, JJA, and SON) in each climatological period.

Figure 12: Time series of the annual temperature over Turkana County for the period 
1951 to 2013. The decreasing tendency is clearly shown by the blue line. '

During the DJF season (Figure 13), much of the study area has a mean observed temperature 

of 25.4°C. From Figure 13, areas around Lake Turkana have a mean surface air temperature 

greater than 27°C and the same was also observed in the south eastern part of the study area 

(Isiolo County). In the most recent past (Figure 13 (d)), the temperature greater than 27°C 

covers a wider area compared to the other climatic periods in Figure 13 (a), (b), and (c). The 

same pattern was observed in the other seasons (MAM, JJA, and SON) with difference in the 

magnitude of temperature. In order to clearly identify the change in temperature in the 

different climatic periods, the temperature for 1931-1960 was subtracted from that of 1991- 

2013 and temperature for the period 1961-1990 was also subtracted" from that of the 1991- 
2013. \  > :
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Figure 13: The mean seasonal surface are temperature over the ASALs of northern Kenya 
during the December, January, and February season of (a) 1901-1930, (b) 1931-1960, (c) 
1961-1990, and (d) 1991-2013.

Figure 14 (a) (DJF) shows that the change in the mean temperature ranges between 0.05 and 

0.9°C. The eastern part of the study area recorded a change of 0.05 to 0.52°C for the 

difference in the period (1931-1960) and (1991-2013). In the most recent past, the change 

range from 0.05 to 1.45°C for the period 1991-2013 minus 1961-1990, this was also observed 

by Christensen et al. (2007) at a regional scale. Figure 14 (b) shows that the eastern part of 

the study area recorded the lowest change and the highest change was observed on the 

western part of the study area. The season MAM, indicated that the north western part of the
n V' ' ■

study area recorded a change of 0.72 to 0.1.45 C for the difference in the period 1991-2013
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and 1931-1960 (Figure 14 (c)). Figure 14 (d) which was the change in the most recent past 

(1991-2013 minus 1961-1990), showed that the change in temperature for the entire study 

area was greater than 0.53°C with the western part of the study area recording a change of 

0.91 io 1.45°C. This clearly indicates that the surface air temperature is on the rise. The same 

patterns for temperature change were observed for JJA and SON season with difference in 

the magnitudes of change.

Figure 14: Seasonal changes for mean surface air temperature of the December, Janmry, 
and February seasonal rainfall over the ASALs of northern Kenya over (a) 1901-1930^) 
1931-1960, (c) 1961-1990, and (d) 1991-2013
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4.3.4 Spectral analysis

The results obtained from spectral analysis for annual rainfall in ASALs indicates that 

dominant and significant spectral peaks observed were for the periods 2.3, 3.5, 5.5, and 9-10 

years. The same observations have also been made by several studies (Ogallo, 1979, 1982; 

Nicholson, 1996; King’uyu et al., 2000; Indeje et al., 2000; Omondi, 2010). The observed 

periods have been link to different climatic events by several studies. The periods 2.0 -  3.3 

years cycle were linked to QBO (Holton and Lindzen, 1972; Ogallo, 1979, 1982; Indeje et 

al., 2000; Omondi, 2010), 5.0-7.5 years cycles are linked to ENSO events (Ogallo, 1988; 

Mutemi, 2003; Omondi, 2010) and 9-10 linked to solar variability (Rodhe, 1974; Omondi, 

2010).

Figure 15: Spectral analysis for total annual rainfall for Lodwar County for the period 
1961-2013.

4.3.5 Changes in extreme annual rainfall over the study area

In order to analyze the distribution of rainfall, the data was divided into two non-overlapping 

climatic periods i.e. 1961-1990 (WMO baseline) and 1991-2013 for Turkana, Marsabit,
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Samburu, and Isiolo Counties. Figure 16 presents the total annual rainfall distribution for the 

four study Counties.

Figure 16: Total annual rainfall distribution over (a) Turkana, (b) Marsabit, (c) Samburu,
and (d) Isiolo Counties for different climatic periods. 1961-1990 and 1991-2013.

The rainfall distribution over Turkana County (Figure 16 (a)) showed a slight decrease in 

variability and extreme events in the period 1991-2013 from the period 1961-1990. The 

maximum annual rainfall received over Turkana County for the period 1961-1990 was 

1200mm, this was observed to decrease for the period 1991-2013 to approximately 950mm, 

and thus rainfall has decreased over this County. The distribution for Marsabit County
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indicates an increase in rainfall variability in the recent past (1991-2013) with a negative 

change in climatological mean of annual total rainfall as shown in Figure 16 (b) thus reduced 

rainfall in Marsabit County. The highest annual total rainfall received in this County for the 

period 1961-1990 was 1100mm. This was observed to decrease in the recent past (1991- 

2013) to 860mm.

The climatological mean of rainfall over Samburu County has decreased as well as the 

extreme wet conditions and dry conditions as indicated in Figure 16 (c). The situation for 

Isiolo County indicates a significant increase in rainfall variability and reduction in rainfall 

extremes (wet and dry) in the recent past (Figure 16 (d)). Thus, these changes in the mean 

rainfall and rainfall extreme are a clear evidence of climate change over the study area. A 

study by Darkoh et al. (2014) indicated that rainfall variability has increased in Kenya 

leading to a decline in long rains season and a positive trend for short rainy season. Kingwell 

(2006) used this type of analysis to detect climate change in Australia, while a study by 

Ogungbenro and Morakinyo (2014) used the method to assess the rainfall distribution and 

change detection across climatic zones in Nigeria. The changes in the means were tested 

using the t-test and their result shown in Table 10. Using a significant level of 0.05 (p- 

value=0.05), the study found out that changes in the mean for rainfall were not significant.

T a b le  10: S tatistica l d ifferen ce  in the m ean for ann u a l rainfall using stu d en t t-test for  
the  periods 1961-1990  and 1991-2013___________________________

R ainfall

C ou nties t p-value

T u rk an a 1.168 0.2523
M arsab it 1.88 0.07018

Sam b u ru 1.6957 0.1007
Isiolo 0.7467 0.4613

9
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4.3.6 Annual Distribution o f Maximum and Minimum Temperature over 
the Study Area

Figure 17 shows the mean annual maximum surface air temperature distribution for the four 

study counties using 1961-1990 and 1991-2013 climatic period. The result for Turkana 

County (Figure 17 (a)) indicates a positive change in the mean from 32.3 (1961-1990) to 33.2 

(1991-2013) and an increased variability leading to extreme high temperatures. The highest 

temperature observed in the period 1961-1990 was 33.7°C while the period 1991-2013 

recorded an annual maximum surface air temperature of 34.8°C (Figure 17 (a)). The same 

changes in the mean and variability were observed for Marsabit and Samburu Counties 

(Figure 17 (b) and (c) respectively). The highest maximum annual air temperature recorded 

for Marsabit County in the period 1961-1990 was 31.8°C while that of the period 1991-2013 

was 32.1°C. Samburu County recorded a highest annual temperature of 30.8UC for the period 

1961-1990 and 31.5°C for the period 1991-2013. The mean of annual maximum temperature 

have also increased in Isiolo County but the variability has decreased (Figure 17 (d)).
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Figure 17: Mean annual maximum surface air temperature distribution for (a) Turkana, 
(b) Marsabit, (c) Samburu, and (d) Isiolo Counties using different climatic periods (1961- 
1990 and 1991-2013)

Figure 18 indicates the mean annual minimum surface air temperature distribution for the 

four study counties using 1961-1990 and 1991-2013 climatic periods. The mean for 

minimum surface air temperature for the four Counties have increased while the variability 

has decreased. Based on Figure 17 and Figure 18, there is clear evidence of climate change 

over the study area and temperature has increased by approximately 1.2°C. Other studies 

have also indicated that the mean annual temperature for Kenya has increased by 1°C since 

1960 particularly in the ASAL regions (Orindi et al., 2007; Christensen et al., 2007;
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Hoffmann, 2010; Ngaina and Mutai, 2013; Darkoh et al., 2014). The changes in the means 

maximum and minimum surface air temperature were tested using the t-test and their result 

shown in Table 11. Using a significant level of 0.05 (p-value=0.05), the study found out 

changes in the mean for temperature were significant (Table 11).

Figure 18: Mean annual minimum surface air temperature distribution for Turkana (a), 
Marsabit (b), Samburu (c), and fsiolo (d) Counties using different climatic periods (1961- 
1990 and 191-2013)

t
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T a b le  11: S ta tistica l d ifferen ce  in th e m ean for su rfa ce  a ir  tem p era tu re  u sin g  stu d en t t_

test for  th e p eriod s 1961-1990  and 1991-2013

C ou nties
Max. Temperature Min. Temperature

t p -value t p-value

T u rk an a -8.3976 0 -8.4496 0
M arsab it -3.5598 0 -3.3299 0
S a m buru -5.7298 0 -4.9064 0
Isiolo -3.2035 0 -2.7463 0

4.3.7 Characterizing the location and variability o f rainfall and temperutiire

In order to further assess the extremes and variability in rainfall and temperature, the study 

used skewness, Kurtosis and CV. Minimum temperature for the four Counties were 

negatively skewed for the period 1961-1990 but skewed to the right in the period 1991 -201 ̂  

(Table 12) indicating an increase in minimum temperature except for Marsabit and Isioi0 

Counties which was slightly negative. The kurtosis value for minimum and maximum 

temperature for the four Counties were found to be positive (kurtosis > 0) indicating a peaked 

distribution. The highest variability for minimum temperature was observed to occur over 

Turkana County over the period 1991-2013 (CV > 1) while the other Counties recorded a 

low variability in minimum temperature i.e. CV < 1 for the same climatic period (Table 12).

Maximum temperatures for the period 1961-1990 were negatively skewed except f0r 

Marsabit County which was positively skewed. The changes in skewness were observed f0r 

Turkana and Marsabit County in the period 1991-2013, i.e. they changed to positive 

skewness and negative skewness respectively. But Samburu and Isiolo Counties were 

observed to have negative skewness for the period 1991-2013. High variability in maxima^ 

temperature was observed over Turkana, Marsabit and Samburu Counties (CV > 1) but low 

for Isiolo County for the period 1991-2013 as shown in Table 12. On the other hand, rainfall 

was observed to be positively skewed in all the Counties for the two climatic periods (Tab]e 

12) with a variability of one in the period 1961-1990 and variability below one in the period 

1991-2013.

V
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T a b le  12: A n a ly sis  o f  S k ew n ess, kurtosis and co e ffic ien t o f  v a r ia b ility  for tem p eratu re

o v er  th e stu d y  area  for th e period s 1961-1990  and 1991-2013

1961-1990 1991-2013
Turkana -0.4709 0.424

Skewness
Marsabit -0.8298 -0.0122

a Samburu -0.4009 0.212?

S3 Isiolo -0.4591

oo©

& Turkana 2.6097 2.3700
£

Kurtosis
Marsabit 3.7035 2.070#

B Samburu 2.5733 2.5530
3 Isiolo 3.1001 2.4870

"5
§

Turkana 1 1.6909

CV Marsabit 1 0.7235
Samburu 1 0.9265

Isiolo 1 0.7611
Turkana -0.2388 0.0321

Skewness
Marsabit 0.1195 -0.5863

£ Samburu -0.4508 -0.4675

1 Isiolo -0.2435 -0.577 !___
1 Turkana 3.4418 2.4395
B
uH Kurtosis

Marsabit 3.0221 2.1199
Samburu 4.6116 2.48l5

i Isiolo 3.891 2.740*0
Xw Turkana 1 2.0603
2

CV
Marsabit 1 1.020*4
Samburu 1 1.2250

Isiolo 1 0.7683___

Analysis for rainfall totals over the four Counties indicates a positive skewness l°r entire 

study area (Table 13). The highest positive skewness of 1.86 was observed in Isi°l° County 

for the period 1991-2013. The variability of rainfall have reduced over tf16 f°ur stuc^y

location (CV<1) for the period 1991-2013 compared to 1961-1990 (Table 13)

1
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T a b le  13: A n a ly sis  o f  sk ew n ess, kurtosis and co e ffic ien t o f  v a r ia b ility  for ra in fa ll o ver

Turkana 1.14 0.23

Skewness Marsabit 0.57 0.75
Samburu 0.68 0.45

Isiolo 0.30 1.86
<2 T urkana 5.05 2.67

2 Kurtosis Marsabit 3.42 3.27
13 Samburu 4.09 3.91
oH Isiolo 2.32 9.28

Turkana 1 0.93

CV
Marsabit 1 0 54
Samburu 1 0.65

Isiolo 1 0.79

4.3.8 Trends in rainfall, maximum and minimum temperature

Trend analysis in annual and seasonal rainfall and temperature were done using Mann 

Kendall trend test methods. The results from the trend analysis show that rainfall trends are 

not significant at all locations. MAM season indicated a negative trend at all study Counties 

(Figure 19 (a) and Table 14). JJA season Figure 19 (b) JJA season has a positive trend except 

for Isiolo County which are not significant over the study area. A summary' of trends in 

rainfall, minimum and maximum surface temperatures are shown in Table 14. A trend was 

determined to be significant if the p-value is equal to or less than 0.05. Trend in rainfall for

all the season in all station were not significant. A study by Ngaina and Mutai (2013) showed
/

that the long rains (MAM) over the Lodwar County have a negative trend which was not 

significant. Other studies on observed rainfall have also shown that there is no significant 

trend in rainfall since 1960 (Eriksen and Lind, 2009; Schilling et al., 2011; Tutiempo, 2014), 

but the events of heavy rainfall have increased.

/
t
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Figure 19: Trend in (a) March, April. and May and (b) June. July, and August Rainfall 

season for Samburu County for the period 1960-2013.

Temperature on the other hand showed a significant increasing trend for all the seasons and 

annual mean for both maximum and minimum temperature (Table 14). This is in l j^ e wjth 

the findings of the study by Omondi et a/. (2014) which indicated that the tempei\^ure jn 

Kenya is on the rise. A study by Ngaina and Mutai (2013) also concluded that th e ^  js an 

increase in maximum temperature extremes. Over the study area, the highest sig^jfjcant 

increasing trend tor maximum temperature was 0.556 for JJA and SON seasons. T f^  trend 

for minimum temperature was 0.644 observed in Turkana County. Temperature incre^e over 

the ASALs leads to severe thermal heat discomfort for the cattle.

t
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T ab le  14: T ren d s  in rainfall, m ax im u m  and m in im u m  tem p era tu re  for d ifferen t $eason  

and the ann u a l m ean ( tem p era tu re )  and totals (ra infa ll)  for the period 1960 to 2 0 p

Stations Rainfall Tern )_M ax Tern )_M in

tau p-value tau p-value tau p-va lu tf_

DJ
F

__
__

__
__

__
__

__
i

T U R K A N A - 0 .0 4 1 4 0 .6 6 8 0 .5 4 4 0 . 0 0 0 .3 7 o.o°_
M A R S A B IT 0 .0 4 2 8 0 .6 5 6 0 .3 6 2 0 . 0 0 0 .1 4 4 o .ii.
S A M B U R U 0 .0 1 3 1 0 .8 9 6 0 .4 2 7 0 . 0 0 0 .3 6 9 o.o°_
IS IO L O 0 .1 3 9 0 .1 4 3 0 .2 4 5 0 . 0 1 0 .2 2 5 o .o jL

M
AM

T U R K A N A - 0 .0 5 8 8 0 .5 3 9 0 .4 8 6 0 . 0 0 0 .4 9 7 o.o°_
M A R S A B IT - 0 .1 1 5 0 .2 2 8 0 .3 5 6 0 . 0 0 0 .4 0 8 o .o l
S A M B U R U - 0 . 1 3 1 0 .1 7 0 0 . 3 6 0 . 0 0 0 .3 8 5 o.ofL
IS IO L O - 0 .0 9 5 8 0 .3 1 5 0 .3 1 5 0 . 0 0 0 .3 4 4 o.ofL

<

T U R K A N A 0 .0 5 3 0 .5 8 1 0 .5 5 6 0 . 0 0 0 . 6 o.ô L
M A R S A B IT 0 .0 3 6 3 0 .7 0 7 0 .5 1 5 0 . 0 0 0 .5 7 3 0 . 0 °

l“ 5
*"5 S A M B U R U 0 .0 3 1 2 0 .7 4 7 0 .4 6 9 0 . 0 0 0 .5 3 8 o.o°_

IS IO L O - 0 .0 1 3 7 0 .9 0 3 0 .3 0 1 0 . 0 0 0 .3 8 3 o.o£_

SO
N

T U R K A N A 0 .0 9 2 2 0 .3 3 4 0 .5 5 6 0 . 0 0 0 .6 4 4 o.o°_
M A R S A B IT - 0 .0 3 1 9 0 .7 4 2 0 .4 0 9 0 . 0 0 0 .4 7 9 o.ofL
S A M B U R U - 0 . 0 2 6 1 0 .7 8 8 0 .4 5 2 0 . 0 0 0 .5 2 9 o.o<L
IS IO L O - 0 .0 5 3 7 0 .5 7 6 0 .3 2 0 .0 0 0 .3 6 1 o.o^_

4.4 Assessing the changes in livestock population that nia? be 
associated with past and present climate extremes /

4.4.1 Past and present abnormal wetness and dryness

This subsection presents the result for the analysis of the past and present abnormal wc*ncss 

and dryness of the four counties based on the SPI. Figure 20 shows the SPI time seri^s P'ot 

for Turkana County with different time steps (run3, run6, runl2, run24, run36 and rv111̂ )-  

The first three time step ((a), (b), and (c)) have noise in their time series and the patterns 

cannot be clearly seen. On the other hand run24, 36, and 48 have reduced noise, th^s 

pattern for abnormal wetness and dryness in Turkana County are clearly seen. The num ^er 

extreme wet conditions is more than the dry conditions as indicated in run36 with 1983-^986

and 1995-1996 being the extreme driest year in Turkana County. The periodic^
» *

abnormal dry condition which is referred to as drought in this study and the abnormal wet
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conditions are 3-6 years. This can be attributed to ENSO which is an irregular phenomenon 

that recurs every 2-7 years (Diaz and Markgraf, 2000; Chang and Zebiak, 2003; Rourke,

Figure 20: SPI time series over the Turkana County for the period 1961-2013 using (a)
run=3. (b) run=6. (c) run-12, (d) run-24, (e) run=36 and (f) run-48.

In the recent past, Marsabit County was affected more by drought than abnormally wet 

conditions. Extreme droughts that affected Marsabit County were the 1974-1975 followed by 

2000-2001 droughts. These results are in line with the study by Makishima (2005) who 

reported that the 2000 was the driest year in Kenya. The 2000 to 2001 drought was also 

observed in Samburu County. The 1974-1975 and 2000-2001 droughts can be attributed to 

the negative phase of ENSO that occurred during the years 1973 to 1976 and 1998 to 2001. 

The worst drought that affected Isiolo County spanned the period 1973 to 1976. The 

historical data of El Nino/La Nina episode can be obtained at the Climate Prediction Center 

(CPC) (http://www.cpc.ncep.nQaa.gov/products/analysis_monitoVing/ensostuff/ensoyears.
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shtml). The magnitudes of extreme wet conditions over Samburu County wefe ^^tn

the magnitudes of extreme dry conditions.

Therefore SP1 can be used as a tool for monitoring abnormal wetness and dryn*'ss °^ a re^'Qn 

to improve the timely identification of the emerging drought and abnormal we( conc*'t,ons to 

be acted upon by the government (Wu et al., 2005; Dutra et al., 2013; Di Len# L> a "̂

CERF (2009) and Rourke (2011) reported that there was drought in Norther'*1 an<̂  ^ aste*Ti 

Kenya in the year 2005-2006 which was attributed to the failure of the short rains 'n ^ ^ 5  

leading to 70% death of livestock in some areas in northern Kenya (CERF, 2 0 ^ '  ^ ov' ever, 

this study analyses indicated that this period was within the range of normal ^ ° n^’t'on 

difference may be attributed to the difference in data used.

4.4.2 Cattle population against climate extremes

The results in this subsection are linked to the observed abnormal wetness and ^ r-NIKSS ,n 

time series for Turkana, Marsabit, Samburu, and Isiolo Counties (Figure 2 ^ '  catt*e 

populations for the years that were indentified to be abnormally wet were c^ mParec* w'lh 

those of the years that were identified to be abnormally dry for all the four cc?'unt'es 

15). The study found that cattle populations were higher during the abnormal v^et corK̂ loris 

than during the dry conditions for all the four Counties. Therefore, it can be c ônc*uĉ e  ̂^ a t 

cattle populations are related to climate variability and change. It is important a*so t0 n°le 

that cattle population is also affected by migration, government destocking in limcs 

drought and cattle rustling from outside and within the Counties.

I
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T a b le  15: C o m p a r iso n  b etw een  y ears  o f  a b n o rm a l w e tn ess  and d ryn ess  w ith  the c o r r e s p o n d in g  cattle  population for LodwarN 
TVIarsabit, S a m b u ru  and l s io lo  C o u n tie s
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4.5. 1 Models skill in simulating the observed data

In order to determine the model with better skills, this study used; graphical method, md^e* 

bias, correlation, standard deviation, and root mean square to analyze the performance of

models in relation to observed data. Figure 21 shows the result for time series analysis 

normalized rainfall over the study area.

4.5 Assessing the future climate change scenarios and their poten^3*
impacts on pastoral systems in the ASALs of Kenya

- c r u
—  ICTP
—  KNMI 

MPI
—  SMHI
—  UCT 

UQAM
— ENSMB

Figure 21: Time series of the CRU representing the observation data, the CORDEX RCltfs  
and average of all the RCMsfor the period 1990-2008 over the study area.

Therefore, other robust methods which are; correlation, standard deviation, and root 

square difference were used. These were summarized in a Taylor diagram as shown in Figufe  

22. From Figure 22. the multi-model ensemble mean abbreviated as£NSMB in the leger^  

was identified to have higher skill than the individual models. This is in line with a sim il^r

1 9 9 0  1 9 9 5  2 0 0 0  2 0 0 5
Years
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study by Endris et al. (2013) that assessed the performance of CORDEX in East Africa, atid 

reported that the multi-model ensemble mean can be used for assessing the future clirnate 

projections for the region because it sufficiently simulates well the Eastern Africa rainfe)*-

The individual model that performed worst for the four Counties (Turkana, Marsabi1, 

Samburu and Isiolo) was the International Centre for Theoretical Physics (ICTP) model fi-of11 

Italy and the individual model that had better skill for the four Counties was the Max Planc^ 

Institute (MPI) model from Germany.

Figure 22: Taylor diagram representing the performance of the CORDEX models and 
ensemble of the models against observation for Turkana. Marsabit, Samburu and Isiola 
Counties A, B, C and D respectively. -  -
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This subsection presents future scenarios of annual rainfall and temperature distribution for 

three future climatological periods (2017-2046, 2047-2076, and 2077-2100), abnormal 

wetness and dryness for the period 2017 to 2100 and thermal heat comfort for cattle for both 

RCP 4.5 and RCP 8.5 for Turkana, Marsabit, Samburu, and Isiolo Counties using the multi

model ensemble (2030, 2050, and 2070).

4.5.2.1 Projected rainfall and temperature extremes over the study
area

The study used Gaussian kernel distribution to analyze the future changes in rainfall and 

surface air temperature using the non-overlapping climatic periods j.e. 2017-2046, 2047- 

2076, and 2077-2100. Figure 23 shows the projected total rainfall distribution under the RCP 

4.5 scenario Turkana, Marsabit, Samburu and isiolo County. Figure 23 (a) indicates 

likelihood of a positive shift in mean annual total rainfall for Turkana County with reduced 

variability in the period 2047-2076 and reduced extremes under the RCP 4.5 scenario. 

Extremes are also projected to increase with increase in variability by the period 2077-2100 

for Turkana County which may result to more droughts in the future. The maximum annual 

rainfall over Turkana County was also projected to decrease (less than 700mm) for the three 

climatic periods. Changes in the mean, variability, and extreme rainfall are likely to occur 

over Marsabit, Samburu, and Isiolo Counties as shown in Figure 23 (b), (c), and (d's 

respectively. The distribution observed for Turkana County was also projected for Marsabit 

County Figure 23 (b). Reduced rainfall variability for Marsabit and Samburu are projected to 

occur in the period 2047-2076 and high variability is likely to occur in the period 2077-2100. 

Low variability in rainfall for Isiolo County is likely to occur in the period 2017-2046 with 

extreme wet conditions, while high variability was projected to occur in the period 2077- 

2100 (Figure 23 (d)). The projected annual rainfall total is likely to reduce in the future over 
the study area

4.5.2 Potential impact offuture climate change on cattle farming

/
V f
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Figure 23: Gaussian kernel distribution for the annual rainfall distribution under RCP 4.5 
scenario for (a) Turkana. (b) Marsabit, (c) Samburu, and (d) Isiolo Counties for different 
climatic periods.

Under the RCP 8.5 scenario, climatogical mean rainfall was projected to increase over the 

study area while the maximum total annual rainfall was projected to decrease compared to 

the current observations. Turkana County (Figure 24 (a)) is likely to have the smallest change 

in the mean compared to Marsabit, Samburu, and Isiolo Counties (Figure 24 (b), (c), and (d))

respectively. Highest variability in rainfall for the four Counties is likely to occur in the
' ✓  ■' *

period 2017-2046 (Figure 24). Increase in extreme wet conditions are likely to occur in the
9

period 2077-2100 for the all the Counties (Figure 24) and within the same period, increased
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variability in rainfall are projected for Samburu and Isiolo Counties as shown in Figure 24 (c) 

and (d) respectively. The climatic period 2047-2076 was projected to have the lowest 

variability in rainfall (Figure 24). The projected variability and extreme in rainfall under this

scenarios, may lead to reduction in cattle population in the future due to the likelihood of 

increased dry conditions.

Figure 24: Gaussian kernel distribution for the annual rainfall distribution under RCP 8.5
scenario for (a) Turkana. (b) Marsabit. (c) Samburu. and (d) Isiolo Counties for different 
climatic periods. ' ,
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As it has been observed under objective one, that temperature is significantly rising, the 

projected temperature under this objective still indicates that there are likelihood of high 

temperature in the future over the ASALs of Kenya under the RCP 4.5 and RCP 8.5 scenario 

as shown in Figure 25 and Figure 26. Under the RCP 4.5 scenario, maximum annual air 

temperature was projected to increase progressively in the climatic periods (Figure 25). Isiolo 

County (Figure 25 (d)) was projected to have the highest temperature of 35 7°C by 2100 

RCP 8.5 projects much higher temperature over ASALs of Kenya than RCP 4.5 scenario 

(Figure 26). These projected temperatures are likely to have a significant negative effect on 

cattle farming in the ASALs of Kenya as a result of them being higher than the thermal heat 

comfort for cattle i.e. 32UC. These assume that the cattle will not have developed some 

adaptive capacity and that cattle variability will have remained the same. Other studies have 

also indicated that temperatures are projected to increase up to 2.8 °C by 2060 and 4.5 °C by 

2090 particularly in the ASALs regions with a potential of decreasing the cattle population 

(Orindi et a!., 2007; Christensen et a/., 2007; Hoffmann, 2010; Ngaina and Mutai, 2013; 
Darkoh et a/., 2014).
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Max. Tamparatura (Dag. Calsiua) Max. Tamparatura (Dag. Calaiut)

Max. Tamparatura (Dag. Calaiua) Max. Tamparatura (Dag. Caltius)

Figure 25: Gaussian kernel distribution for the annual mean of maximum surface air
temperature distribution under RCP 4.5 scenario for (a) Turkana, (b) \farsahit, (c) 
Samburu, and (d) lsioio Counties for different climatic periods.
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Mix. Tamparatura (Dag Calaius) Max. Tamparatura (Dag. Calaiut)

Max. Tamparatura (Dag. Calaiut) Max. Tamparatura (Dag. Caltiut)

Figure 26: Gaussian kernel distribution for the annual mean of maximum surface air 
temperature distribution under RCP S.5 scenario for (a) Turkana, (b) Marsabit, (c) 
Samburu, and (d) Isiolo Counties for different climatic periods.
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4.5.2.2 Abnormal wetness and dryness for RCP 4.5

Using the CORDEX ensemble (RCP 4.5), the future abnormal wetness and dryiieSS were 

analyzed for the four Counties. From the projection in Figure 27, there are chaf1065 l^at 

l urkana County will be affected more by abnormal wetness than dryness as indicai^ m run 

24 in the same figure using the RCP 4.5. Abnormal wetness are associated with ^  

events over east Africa therefore, this is in line with a study by Williams and Funk (20 U ) 

who indicated that, El Nino events are projected to increase in the future. The study jn îcatcs 

that there are chances of frequent drought between the year 2020 and 2040 for f # rsab 'f 

Samburu, and Isiolo Counties. IPCC (2013) predicts that over the 21st century ther^ 

increases the frequency of droughts and floods in some regions and decrease jji ot^ers 

Drought or abnormal dryness has a negative effect on cattle farming as indicated in T^*e

From the year 2040, there are likelihoods of more abnormal wetness than abnormal dry11658 

for all the four Counties using the ensemble for RCP 4.5 (Figure 27) which may t0 

increased cattle population as indicated in Table 15. El Nino events are projected to jncrease 

in the future (Williams and Funk, 2011). The abnormal wetness is associated with &  Uifio 

events over East Africa and therefore, the projected abnormal wetness can be a ttrib u te t0 

projected El Nino events. Dutra et al. (2013) reported that the SP1 can be used for ^ aSOnai 

forecasting of drought in Africa. SPI can be used for drought management planning (P* ^ena 

et al., 2014), in order to reduce the negative impact of drought on livestock.

t
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4.5.2.3 Abnormal wetness and dryness for RCP 8.5

Using the RCP 8.5 scenario, Turkana County is likely to experience extremely severe 

drought in the 2020 and 2070 as indicated in Figure 28 run 24. The ensemble model (RCP 

8.5) also projects that there are chances of reduction in extremes for the period 2040 to 2060, 

followed by frequent abnormal wet and dry conditions. The frequency of extreme climate 

conditions projected for this County will have a negative effect on cattle farming, ihe 

extreme dry condition in the year 2020 projected for Turkana County is also the same for 

Marsabit County. But the RCP 8.5 ensemble model for Marsabit indicated that the 

frequencies of abnormal dryness are projected to decrease while the abnormal wetness is 

projected to increase. IPCC (2013) also predicted that over the 21st century there win be 

increases the in frequency of droughts and floods in some regions and decrease in others.
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The same observation was also made for Samburu and Isiolo Counties with the year 2020 

projected to be extremely dry for all the counties while 2075 and 2090 are projected to be 

extremely wet for Samburu and Isiolo Counties respectivelyError! Reference source not 

found.. The projected extremes over the study area are likely to have a negative effect on 

cattle farming in the area and may also lead to conflict over the limited resources in the area. 

As reported by Dutra et al. (2013) and Di Lena et al. (2014), SPI is an important tool for 

seasonal forecasting of drought and should therefore be incorporated in drought and flood 
management planning.

Figure 28: SPI time series over the Turkana County for the period 2017-2001 using (a) 
mn=3, (h) run=6, (c) run=12, (d) run=24, (e) run=36 and (f) run=48 for RCP 8.5 scenario.
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By 2030 under the RCP 4.5 scenario, the heat comfort projected for DJF and MAM seasons 

were observed to be the severe for Turkana, Marsabit, and Isiolo Counties while Samburu 

Country indicates a favorable for cattle farming as shown in Figure 29 (A) and (B). JJA and 

SON seasons indicate a likelihood of favorable thermal heat comfort for cattle by the year 

2030 (Figure 29 (C) and (D)). The same observation DJF and MAM was also made for the 

2050 projection (Figure 30 (A) and (B)). It was also projected that severe heat stress on cattle 

are likely to start manifesting in Turkana and Isiolo Counties during JJA and SON seasons 

(Figure 30 (C) and (D)). The observed change in JJA and SON seasons were attributed to the 

projected increase in temperature by the IPCC (2013). The area covered by severe heat stress 

is likely to increase by 2070 over the study area for all the seasons as indicated in Figure 31. 

Studies by Klehmet (2009) and Christensen et al. (2007) reported that temperatures of East 

African are consistently increasing throughout the models; this is line with the observation 

made in this study.

4.S.2.4 Thermal heat comfort for cattle using ensemble model for

RCP 4.5
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|B i Non-Existent L_J Moderate □  Moderately High M i Sever

Figure 29: Cattle thermal heat comfort using maximum temperature from RCP 4.5
ensemble model for (he year 2030 for December. January, February> (A), March. April, 
May (B), June, July, August (C), and September, October, November (D) seasons.
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V  Non-Existent □  Moderate □  Moderately High WM Sever

Figure 30: Cattle thermal heat comfort using maximum temperature from RCP 4.5
ensemble model for the year 2050 for December, JanuaryFebruary’ (A), March, April, 
May (B), June, July, August (C), and September, October, November (D) seasons.
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|M Non-Existent □  Moderate □  Moderately High
Figure 31: Cattle thermal heat comfort using maximum temperature from  /?< 
ensemble model for the year 2070 for December, January, February (A), March, 
May (B), June, July, August (C), and September, October, November (D) seasons.
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rhe same observation under RCP 4.5 for the thermal heat comfort for cattle by the year 2030 

was also made under the high emission scenario (RCP 8.5) for all the seasons as shown in 

Figure 32. By the year 2050, it is projected that Turkana, Marsabit, and Isiolo Counties will 

not be favorable for cattle farming during DJF and MAM seasons due to the projected severe 

thermal heat comfort in these Counties (Figure 33 (A) and (B)). The study also projects an 

increase on the area covered by the severe heat stress for JJA and SON seasons over the 

study area by 2050 as indicated in Figure 33 (C) and (D) respectively. The impact of severe 

thermal heat comfort is likely to be more severe by the year 2070 for all the seasons as 

evident in Figure 34. Samburu County was projected as the only County that is likely to 

support cattle farming by 2070 during JJA and SON seasons (Figure 34 (C) and (D)) 

respectively. From these results, it is likely that cattle farming may experience several 

challenges in the future due to climate change. Temperature is also projected to increase by 

TO to 2.8 C by 2060s and 4.5 °C by 2090. Therefore, cattle population is likely to decreased 

as shown in Table 4 in chapter two (Orindi et al., 2007; Christensen et al., 2007; Klehmet, 

2009; Darkoh et al., 2014). Over the 21st century, IPCC (2013) has predicted that there will 
be increases in average temperature and extreme heat.

4.5.2.5 Thermal heat comfort for cattle for RCP 8.5
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Non-Existent [ZH Moderate d l  Moderately High MI Sever

Figure 32: Cattle thermal heat comfort using maximum temperature from RCP 8.5
ensemble model for the year 2030 for December, January, February (A), March, April, 
^ ay (B)> June> July, August (C), and September, October, November (D) seasons.
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Figure 33: Cattle thermal heat comfort using maximum temperature from RCP 8.5 
ensemble model for the year 2050 for December, January, February (A), March, April, 
May (B), June, July, August (C), and September, October, November (D) seasons.
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Non-Existent LZI Moderate LJ Moderately High WM Sever
Figure 34: Cattle thermal heat comfort using maximum temperature from RCP 8.5 
ensemble model for the year 2070 fo r December, January, February (A), March. April, 
May (B), June, July, August (C), and September, October, November (D) seasons.
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CHAPTER FIVE

5.0 Conclusion and Recommendation

This chapter presents the conclusion and recommendation of the study.

5.1 Conclusion

It is evident from the study that both maximum and minimum temperatures are 

increasing at all study locations as has been observed at many locations worldwide. The 

highest increase in seasonal mean of surface air temperature ranging from 0.33-1.45°C 

was observed for June-August season. Results from rainfall analyses did not delineate 

homogenous changing patterns at all locations and seasons, however increase in drought 

risk was evident at most locations within the study area when recent mean rainfall 

(1991-2013) was compared with the means of 1901-30, 1931-60, and 1961-90. Some 

changes in the pattern of temperature and rainfall extremes were also evident from the 

patterns of higher order time series moments which included skewness and kurtosis. It 

was observed that the recurrences of extremes were centered on 2.3, 3.5, 5.5, and 9-10 

years which were attributed to different climatic systems.

The study observed that during the period of abnormal wetness, cattle populations were 

higher than those of the abnormal dryness thus climate affects cattle population. From the 

projections, the study concludes that there are chances of high negative effect of abnormal 

dryness for the period 2030-2040 over the study area. An ensemble of the models was found 

to have a better skill in replicating the observation and hence was used for analysis of future 

climate. The extremes in rainfall and temperature were projected to increase in the future 

with a significant change in the mean of temperature in all the scenarios used in this study. 

Cattle farming are likely to be affected by high temperature resulting to severe thermal heat 

comfort thus cattle that can adapt to high temperature are recommended in the arid and semi- 

arid lands of Kenya. Cattle that can adapt to these projected temperature, abnormal wet and 

dry conditions should adopted in the ASAT.s of Kenya.
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5.2 Recommendation

5.2. /  To the livestock sector

The result from this study can be used in the planning and management of the livestock 

sector in the ASALs of Kenya and support national sustainable development planning. 

The SPI tool can be adopted by the livestock sector for monitoring and forecasting abnormal 

wetness and dryness of a region to improve the timely identification of the emerging extreme 

conditions to be action by the government.

5.2.2 To the policy makers

The information from this study can be used by the policy makers to develop policies that 

can address the problem of high livestock mortality due to extreme weather and climate 

conditions in the country.

5.2.5 To the climate scientists

Further studies on the effect of climate change on other aspects of livestock such as 

forage as well as a methodology way to distinguish human factors from climate factors that 

affect livestock farming are recommended.
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Australia, 25 -  56.

Nicholson, S. E. (2008) A revised view o f the West A fr ica  monsoon: in the /JCZ realh\\*
-  ' V ,

necessary? Presentation at the Conference on African Droughts, 2nd - 6th Jun«n, * 

2008, ICTP, Trieste, Italy.

Nicholson, S E., and Yin, X (2002) Meso-scale patters 0f  rainfall, cloudiness a n c ^

evaporation over the Great Lakes of East Africa. In; Johnson TC, OdadaEO (eds'^K hc| 

The limnology, climatology and palaeo-climatology of East African Lakes 
Kluwer, Dordrecht, the Netherlands, 93-119. s-

Notenbaert, A, Mude, A., Steeg, J., and Kinyangi, J. (2010) Options for adapting to climates^ 

change in livestock dominated farming systems jn the greater horn of Africa 

Journal o f Geography and Regional Planning, 3(9)5 234-239.

Ogallo, L. (1979) Rainfall variability in Africa. Monthly Weather Review, 107(9), 1 133- 

1139.

lte

Ogallo, L. J. (1982) Quasi-periodic patterns in the East African rainfall records.

Ogallo, L. J. (1988) Relationships between seasonal rainfall in East Africa and the Southern 

Oscillation. Journal o f Climatology, 8, 31-43.

Ogallo, L. J. (1989) The spatial and temporal patterns of tin* East African seasonal rainfall 

derived from principal component analysis. International Journal o f Climatology, 
9(2), 145-167.

Oguge, N., Mireri C. and Onjala J. (2006) Assessment of status and trends of natural resource 

use in Ewaso Nyiro Basin, Kenya. Consultancy Report for AU-IBAR,DWLEIP 

Project.

Ogungbenro, S. B., and Morakinyo, T. E. (2014) Rainfall distribution and change detection 

across climatic zones in Nigeria. Weather and Climate Extremes, 5, 1-6.

Okoola, R. E„ (1999a) Synoptic systems affecting Eastern Afrjca. Lecture notes of the first

%

'V
A*

A

Drought Monitoring Centre (DMC), Nairobi climale prediction capacity building 

training workshop for the Greater Horn o f Afric0, Nairobi, Kenya, drought 

Monitoring Centre -  Nairobi, 51 -  62.

t

91



Oludhe, C. (2002) Deterministic and Probabilistic prediction approaches in Seasonal to Inter

annual climate forecasting. Applications o f Climate Forecasts for Agriculture, 39- 

48.

Omeny, P. A., Ogallo, L., Okoola, R., Hendon, H., and WHEELER, M. (2006) East African 

rainfall variability associated with the Madden-Julian Oscillation. Journal of 

Kenya Meteorological Society Volume, 2, 2.

Omolo, N. A. (2010) Gender and climate change-induced conflict in pastoral communities: 

Case study of Turkana in northwestern Kenya. African Journal on Conflict 

Resolution: Environment and Conflict, 10(2), 81-102.

Omondi, P. A. O., Awange, J. L., Forootan, E., Ogallo, L. A., Barakiza, R., Girmaw, G. B., 

... and Komutunga, E. (2014) Changes in temperature and precipitation extremes 

over the Greater Horn of Africa region from 1961 to 2010. International Journal 

o f Climatology, 34(4), 1262-1277.

Omondi. S. P., Kidali. J. A.. Ogali. I., Mugambi, J. M., and Letoire, J. (2014) The status of 

livestock technologies and services in the Southern Maasai rangelands of Kenya. 

African Journal o f Agricultural Research, 9(15), 1166-1171.

Orindi, V. A., Nyong, A., and Herrero, M. (2007) Pastoral livelihood adaptation to drought 

and institutional interventions in Kenya. Human Development Report Office, 

Occasional Paper, 54.

Orlowsky, B. (2015) Consistency, Homogeneity and Summary Statistics of Climatological

Data. R Package “iki.dataclim".

Otieno, G. L., Opijah, F. J., Mutemi, J. N., Ogallo, L. A., Anyah, R. O., Ongoma, V, and 

Sabiiti, G. (2014) Seasonal rainfall forecasting using the Multi-Model Ensemble 

Technique over the Greater Horn of Africa. International Journal o f Physical 

Sciences, 2(6), 095-104.

Pachauri, R. K., and Reisinger, A. (2008) IPCC, 2007: Climate Change 2007: Synthesis 

Report. Contribution of Working Groups 1.11 and 111 to the Fourth Assessment 

Report o f the Intergovernmental Panel on Climate Change. In: IPCC, 104.

PDNA, (2012) Kenya Post-Disaster Needs Assessment (PDNA) 2008 -  2011 Drought.

Peduzzi, P., and Herold, H. D. C. (2005) Mapping disastrous natural hazards using global 

datasets. Natural Hazards, 35(2), 265-289.

92



Peduzzi, P., Dao, H., Herold, C., and Mouton, F. (2009) Assessing global exposure and 

vulnerability towards natural hazards: the Disaster Risk Index. Natural Hazards 

and Earth System Science, 9(4), 1149-1159.

Pettitt, A. N. (1979): A non-parametric approach to the change-point problem. Applied 
Statistics 28(2), 126-135.

Philippon, N., Camberiin, P., and fauchereau, N. (2002) Empirical predictability study of 

October-December East African rainfall. Quarterly Journal o f the Royal 
Meteorological Society, 128(585), 2239-2256.

PRB, (2013) World population data sheet, a 2013 population reference bureau.

Pszczola, M., Aguilar, I. and Misztal, I. (2009) Short communication: Trends for monthly 

changes in days open in Holsteins. J  Dairy Sci., 92,4689-4696.

Rege, J. E. O. (2001) Zebu cattle o f  Kenya: Uses, performance, farmer preferences, 

measures o f genetic diversity and options for improved use (Vol 1). TLRT (aka 

ILCA and ILRAD).

Rodhe, H. (1974) Year to year variations o f some hydrological parameters in Kenya. 

Secretariat for International Ecology, Sweden.

Rourke, J. M. (2011) Seasonal prediction o f African rainfall with a focus on Keftya (Doctoral 

dissertation, UCL (University College London)).

Sabiiti, G (2008) Simulation of climate scenarios using the PRECIS Regional Climate Model

over the Lake Victoria basin: MSc. Dissertation, Department o f Meteorology, 

University o f Nairobi, Kenya.

Sahin, S., and Cigizoglu, H. K. (2010) Homogeneity analysis of Turkish meteorological data 

set. Hydrological Processes, 24(8), 981-992.

Saji, N. H., Goswami, B. N., Vinayachandran, P. N., and Yamagata, T. (1999) A dipole 

mode in the tropical Indian Ocean. Nature, 401(6751), 360-363.

Santos, P., and Barrett, C. B. (2011) Persistent poverty and informal credit. Journal o f
Development Economics, 96(2), 337-347

Schilling, J., Akuno, M., Scheffran, J., and Weinzierl, T. (2011) On arms and adaptation: 

climate change and pastoral conflict in northern Kenya. Climate change and 

conflict: where to for conflict sensitive climate adaptation in Africa.

93



Seo, S. N., & Mendelsohn, R. (2008) Measuring impacts and adaptations t° c^mate change: a 

structural Ricardian model of African livestock managerrient^ Agricultural 

economics, 38(2), 151-165.

Sheffield, J., and Wood, E. F. (2008) Projected changes in drought occul^6006 un<̂ er û’ure 
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