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Abstract:

Pastoral communities in lands are faced with a number of challenges including recurrent droughts resulting in water
shortages, loss of body condition of livestock, livestock deaths, human diseases and some severe cases human deaths. The
drought frequency and severity of droughts have increased and is negatively impacting on households. However, the
impacts of droughts on households are not well understood and documented. The objectives of this study is to
determination impacts of drought on pastoral production system in Marsabit, Kenya. Simple cross-sectional random
sampling was used for primary data collection through questionnaires. 384 households were randomly interviewed in a
household population of about 19,000 households using the (Scott Smith, 2013) formula for deciding the sample size.
Secondary data was obtained from relevant public reports, journals, agricultural reports, statistical abstracts and
development partners. The study considered various biophysical and socio-economic factors to determine drought
impacts on households. Drought impacts were determined through correlations of drought index and number of livestock
owned, availability of pasture, number of water bodies, number of livestock species and livestock prices. Data analysis
was done using frequencies, percentages, spearman correlation, cross tabulations and chi square tests. The results were
presented using tables, bar graphs, pie charts and plates. The data was analysed through computer Excel and SPSS
programmes. The presentation of results was done in form of narrative, graphs, tables, pie and bar charts. The results
indicate positive and high correlations to the indicated parameters to drought impacts. This implies substantial support
is required from within the community and external sources in order to mitigate the negative impacts of drought in the
study area.
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1. Introduction

Drought is the most complex of all natural hazards as it affects more people than any other hazard globally.
According to EM/DAT data quoted in the World Disaster Report (2007), about 2.63 million people were affected by Hydro-
metrological disasters globally during the period 1997-2006, about 41.82% are affected by drought, and 38.87% of them
were affected during the year 2002. During 1997/2006, hydro-metrological disasters caused an estimated damage of US$
66.8 billion per year on average out of this 4.62% was caused by drought and average number of people reported killed by
drought in million per year in Asia are (81.11), Africa (26.69), Americas (2.57), Europe (0.14) (World Disaster Report,
2007). Since drought is a global phenomenon, it is useful to understand the pattern of various drought-related
characteristics and impacts worldwide from a global development perspective. According to the Global Drought
Information System (GDIS, Global Drought Information System (2013), short-term global droughts remained relatively
constant across the world in August 2013 affecting 44 million people while drought conditions, which eased in North
America, Africa and Europe, remained intensive in Australia, constant in South America, and intensified in Asia. The global
drought mapped by the University College of London shows 258 million people affected globally by exceptional drought in
last 36 months (Miyan, 2014). The ability of many countries to deal with droughts impacts is constrained by the absence of
reliable data, weak information networks as well as the lack of technical and institutional capacities (Erian, 2010). A
Country like Syria is just beginning to establish relevant drought monitoring and management procedures and institutions,
however existing drought monitoring and declaration procedures lag behind the development of drought events (Erian,
2010).
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It is believed that 20 million pastoralists household are found worldwide (Blench, 2001) to 268 million
pastoralists in Africa alone according to Africa Union figures (Dima, 2011). Pastoral systems are grassland based
production systems with more than 90% of the household income resulting from livestock production system and more
than 90% of the livestock fodder comes from natural rangeland vegetation (Sere and Steinfield, 1996). This dependence on
grasslands for livelihoods makes pastoralists in Africa highly impacted by drought. Similarly, a study conducted by Erian
(2010) in Arab speaking countries including Sudan (southern area), Tunisia (northern area), Algeria (northern area
Morocco (northern area) and Somalia (north eastern area) indicated severe impacts by drought on households. Most
studies in Africa use large-scale drought impacts assessments which provide very little information that is of practical use
for decision makers on the precise extent for specific locations (Nkomo et al., 2006). It is acknowledged that making future
predictions of future climate change in Africa is problematic due to lack of data on the current situation on drought
impacts (Boko, 2007). Understanding the impact of Climate Change in Africa requires that we first understand Africa’s
existing non-climate vulnerabilities (Nkomo et al., 2006). Boko (2007) states that Africa is one of the most highly drought
impacted continent, climate change and climate variability, a situation aggravated by interaction of multiple stresses.
Though drought impacts are claimed to be high, adequate studies on drought impacts have not been carried out.

In northern Kenya, about three million pastoralists were impacted on by severe droughts of 2006 and 2008/2009,
which have been increasing in frequency and severity over time (Howden, 2009 and Lekapana 2013). The 2000 drought
emergency affected the Central, Eastern, Rift Valley, Coast and North Eastern Provinces, with 4.4 million people requiring
food and non-food assistance. The 2006 drought hit 37 out 78 districts leaving a population of 3.5 million people in need of
relief (GOK, 2008). The country also recognizes the fact that given the destruction and losses disasters (including drought)
can cause and the high costs of helping out people to recover, sustainable development cannot be achieved without
addressing issues of drought risk reduction in a comprehensive manner (GOK 2008). Droughts in Kenya, according to the
AU (2010) affect adversely all sectors of the economy and the population as a whole. Speranza (2010) and Africa Union
(2010) provide some of the impact of this drought to nomads to include a scarcity of water and pasture for herds,
starvation and malnutrition, livestock deaths, altered herd structure, the deterioration of herds condition and a collapse of
livestock markets (Mutu et al,, 2017). In Kenya, the vulnerable areas have increased and now cover five (5) provinces
mainly in districts that are experiencing the highest level of poverty in the country. The intensity of drought has become
more devastating in terms of the affected population (GoK, 2008). The most severe drought in recent years affected
Central, Eastern, Rift Valley, Coast and North Eastern provinces, when 4.4 million people required emergency food and
non-food assistance in 1999 - 2000. The more recent incidence of drought affected 37 out of 78 districts when 3.5 million
people were in dire need of emergency food relief during the 2004 - 06 (ASAL, 2005). In Northern Kenya, where the
dryness is most pronounced, 28 major droughts have been recorded in the past 100 years. The frequencies of droughts
have increase as four of the major 28 droughts occurred in the last decade (schilling et al 2011). During the 1999-2001
drought in Kenya, over 2.3 million sheep / goats, 900,000 cattle and 14,000 camels valued at about US$ 77.3 million were
lost (Wekesa et al 2006). An assessment carried out by Oxfam following the 2005 drought in northern Kenya, revealed that
over 70% of the livestock had been lost (Wekesa et al 2006).

Drought adversely affects the pastoral communities by reducing the availability of pasture and thereby resulting
in death of livestock (Morton, 2005). It may also directly Kill livestock through lack of drinking water. Livestock mortalities
from starvation and disease outbreaks affected approximately 70 percent of livestock in most ASAL districts during the
2011 drought (RoK, 2011c and Lekapana 2013). In most parts of Marsabit County, recent droughts have resulted in
livestock mortality and morbidity, depletion of water resources, household food insecurity, and acute malnutrition of up to
32% amongst the children with escalation of resource conflicts (ALRMP, 2011). Furthermore, the 2011 drought has
severely emaciated livestock thus declining their market values (VSF, 2011). Additionally, during the same period, food
prices in the County had increased drastically due to food shortage attributed to drought and unfavourable terms of trade
(VSF, 2011). Pastoralists were worst hit since they comprise the majority of the population in Marsabit County (Lekapana,
2013). Pastoralist are forced to migrate, trekking long distances in search of pasture and water for their animals during
periods of drought, migration often triggers conflict as well as upsurge in animal diseases. Drought results in loss of large
numbers of livestock which leads to livelihood crisis among the population (Lekapana, 2013). Different publications have
touched on impacts of drought on pastoralists’ livelihood. Most studies provide an array of similar impacts across most
pastoral groups. Little information is however available on impacts of drought on pastoralists in the study area.

2. Materials and Methods
2.1. Study Area

2.1.1. Location and Demographic Characteristics

Marsabit County borders Ethiopia to the North and North East, Wajir County to the East, Isiolo County to the
South and South West and Turkana County to the North West and Sumburu County to the West. Marsabit is the largest
county in the country covering 70,961 sq. km. with a population density of 4 persons per sq km. Marsabit County has a
population of 291,166 (2009) and a current estimated population of 310,000 persons. There are four parliamentary
constituencies including Moyale, Sakuu, Laisamis and North Horr in the county. The study area covers the arid parts of
Laisamis constituency including four electoral Wards including Laisamis, Loglogo, Korr and Ngurunet. The study area is in
Laisamis Sub-County covering approximately 20,290. 5 sq. km with an estimated population of 65,000 persons
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(Population Census, 2009). The study area ranges from 1°20°N to 3°15'N latitude and from 36°30°E to 38°E longitude,
spanning lowland with an elevation of nearly 500 m above sea level (Figure 2).

The study area, Laisamis, in Marsabit County is isolated and undeveloped compared to the rest of the country,
where the major populations live in the central highlands, Lake Victoria, and the Indian Ocean Coast. With low rainfall and
few rivers, its deserts and mountains are inhabited mainly by nomadic pastoralists, including Turkana, Samburu, Rendille,
Boran, Gabra, and Somali (Fratkin et al 2004).The poverty level is 92 per cent (Kenya Population Census 2009) for
Marsabit County. The county livelihoods include nomadic pastoralists, semi pastoralists, agro pastoralists, small
businesses and employment. The main economic activity in Laisamis Constituency (the study area) is livestock rearing.
The economy almost entirely revolves around livestock rearing i.e. camels, cattle, sheep, goats and donkeys. Almost each
household keeps livestock and facets of livestock industry impact on all other economic and social segments. The main
livestock kept in the study area include camels, cattle, sheep and goats while crop production is only limited to few areas
with shallow wells and micro-irrigation facilities. The study area is mainly inhabited by Rendille, Samburu and Ariaal
communities, who are considered to be the most efficient producers of livestock under nomadic pastoralism. Few ethnic
Somali community members practicing trade in food commodities and livestock are found in the trading centres including
Korr, Loglogo, Ngurunet and Laisamis Trading Centre.

2.1.2. Geophysical Characteristics

Most of the study area is generally extensive plains lying between 530-760 m a.s.l. Chalbi desert, an old saline lake
bed, lying at altitude of 435-500m a.s.l is the lowest land surface in the study area. The Chalbi desert marks the northern
boundary of the area, while Mt. Kulal (2355 m) marks the western boundary and the Ndoto Mountains (2885 m) and the
Mathews Range (2688 m) mark the southwest boundary. The main landforms in the study area are sedimentary plains,
volcanic plateaus, volcanic orgneissic ranges and hills. The rest of the study area consists of rocky, stony and rugged lava
plains and sandy clay loams on alluvial plains and basement rock. The Chalbi area is completely devoid of plant life, due to
its salinity, and in some other isolated areas the soils are too acidic to allow the growth of vegetation.

Rainfall is unreliable and bi-modally distributed (theoretically) with two seasons per year. Frequent rain failures
occur leading to high risks of prolonged droughts. In Northern Kenya, droughts used to occur on average every five years
but due to climatic variations, droughts occur more frequently and severely (Schwartz et al.,, 1991). Most of the Rendille
and Samburu population live in the central lowland, which is known as the Kaisut Desert. The average high temperature in
shade is 39°C and the average low is 22°C, with little annual variation (Sun, 2005). The extensive daily sunshine leads to a
great deal of global radiation and low humidity. Rainfall patterns in the lowlands are both low and unpredictable, with an
annual rainfall averaging less than 200 mm per annum. The rainfall figures for the study Sub-County, Laisamis, range from
200 mm - 750 mm per annum. The rainfall is erratic and unreliable resulting in recurrent droughts and floods. This has
increased the community’s vulnerabilities towards climate change related hazards, exacerbated by high poverty levels,
poorly developed infrastructure and socio-economic marginalisation.

The study area comprises mainly of two ecological zones i.e. Ecological Zone V and VI. Zone V area fall between
700m and 1000m, and covers Kaisut, Milgis and part of the slopes of Mt. Marsabit. The dominant vegetation consists of
mixed acacia woodland on stony soils and acacia-cammiphora bushland on deeper soils. The grass consists of tufted
annual grass that is suitable for cattle. Grazing in this zone starts at the onset of the dry season and lasts for 3 to 7 months,
during which time the livestock herds gradually prepare to move to the permanent watering points. Ecological Zone VI
covers areas lying below 700m. The annual grasses are poor and irregularly distributed. The high rates of evaporation and
salt deposits inhibit the growth of grasses, particularly in Chalbi desert. The grazing season is short, lasting about 2 months
after effective rains. When rains fail only camels and goats can graze in the area, (Njoroge, 2010). While over 30% of the
study area is not fully utilized due to lack of water and insecurity, slow land adjudication process, conflict between
communal land use and private ownership and wildlife conservation further inhibit full exploitation of the remaining land,
and these problems also constrain conservation measures. If these constraints were overcome, more land would be
available for both livestock and other economic activities. This would increase the overall study area livestock carrying
capacity and reduce the rapid degradation of the fragile ecology.

The study area is characterised by wooded grassland, bushland and thicket, semi-desert grassland, and desert
(Lind & Morrison, 1974; Sato, 1980; Sun, 2005). Acacia tortilis (dahar) is prominent in the upper strata, while the middle
strata are fairly clear of vegetation, and grasses dominate the lower strata. Cattle and small stock (goats and sheep) are
herded in the high elevation areas, but camels rarely come to these places owing to the high humidity, altitude, abundance
of harmful insects that transmit livestock and human disease, such as ticks, tse tse flies and mosquitoes. The bushland and
thicket zone extends from an elevation of 600 to 1200 m, and is found both at the foot of the mountains and in the lava
area. Acaciatortilis and Cordia sinensis (gaeer) are conspicuous in the upper strata, while the lower strata are covered with
shrubs such as Sericocomopsis pallida (giib) and Duosperma eremophilum (yabah). This vegetation zone covers
approximately 40% of Rendille land, and is used by all species of livestock. Semi-desert grassland extends from an
elevation of 400 to 600 m, and covers most of the central lowland of Rendille land. Trees more than 3 m high can be found
only along the stream beds. Thorny trees less than 2 m (Acacia spp. or Commiphora spp.) are scattered throughout the
middle and upper strata. The lower strata include sandy lands stippled by patches of bushes and herbs, such as
Sericocomopsis pallida, Duosperma eremophilum, Indigofera spinosa (kholo) and Blepharis linariifolia (lemaruk). This
vegetation zone accounts for approximately 40% of Rendille land, and is mainly exploited by camels and small stock. More
than 80% of Rendille land is used for pasture. The vegetation species and quantities of plants are strongly influenced by
topography and rainfall. Plant ecology is important for the Rendille’s livestock management strategies.
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Figure 1: Map of Kenya Showing Marsabit County
Source: Kenya Maps, 2012
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Figure 2: Marsabit County Map Showing the Location of
Laisamis Sub-County
Source: County Maps, 2012
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Figure 3: Detailed Map of the Study Area Showing the Study Wards I.E.
Korr/Ngurunit, Loglogo and Laisamis Wards
Source: IEBC 2012

2.2. Research Design

The study area was selected because it is highly prone to drought as compared with the rest of the county. Four
most drone prone wards were selected including Ngurunet, Korr, Loglogo and Laisamis resulting in four study locations.
The total number of households was obtained from Kenya Bureau of Statistics Records (2009) for the area. Descriptive
cross-sectional sampling was done. The sample size was selected based on sample size formula of Scott Smith, (2013). For
the selected households whose heads were absent, the next senior household member was interviewed. A total of 384
households were interviewed in the four sites. The questionnaires used were based on the objective of the study i.e.
determination of drought impacts on households. Drought impacts observed include prevalence of livestock and human
diseases, livestock deaths, environmental degradation, depletion of water resources and prevalence of conflicts. The unit
of analysis was the household because drought is directly impacts households and decisions are made mainly at household
levels. Nevertheless, households are connected to the wider community, which can greatly influence their decision-
making processes in relation to use of particular productive resources (Opiyo et al, 2014).

2.3. Study Population

The study covered four Locations including Ngurunet, Korr, Log Logo and Laisamis within Laisamis Sub-County,
Marsabit County. The population for Ngurunet was 6,058, Korr, 9100, Laisamis, 6,424 and for Loglogo is 5,144 persons
(Kenya 2009 Population and Household Census). The household numbers were 1,665 for Ngurunet, 1,619 for Korr, 1,705
for Laisamis and 1,193 for Logologo (Kenya 2009 Population and Household Census). 384 households were sampled
through use of questionnaires. Proportional allocation of questionnaires was done depending on the size of the population
of the village. Thus, in Ngurunet 80 households, Log Logo, 90 households, Korr, 106 households and in Laisamis 108
households were interviewed. The sampling was randomly done by skipping every two households in a transect walk.

2.4, Sample Size
The Sample Size was identified through the formula described below derived from Scott Smith, 2013:
Necessary Sample Size is = (Z-Score) squared X Standard Deviation (1-Std. Deviation)/ (Margin of error) squared Margin
of Error (Confidence Interval) chosen is - + 5 %, Confidence Level is 95 %, and the Standard Deviation of 0.5 to ensure that
the sample size is large enough. Z-Score for 95% Confidence Level from Z-Score Table is 1.96. Therefore, the formula for
my sample size is:
Used Z-Score for: 95 % accuracy —i.e. 1.96
90% ,, -0.645
99% , -2.326
Sample Size = (1.96) Squared X Standard Deviation (1- Standard Deviation)/(Margin of Error) Squared
=3.8416 x 0.25/0.0025
=384 Respondents

2.5. Data Collected
Data was collected over a three-month period from 1 st. March - 30 th. May 2015. Data were collected on rainfall
and temperature for the last 30-50 years. Rainfall and temperature data was obtained from Kenya Meteorological Service
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(KMS). Other key data collected include, demographic information, drought sensitivity on socio-economic systems,
drought exposure, drought adaptive capacities, drought adaptation options and drought impacts.

2.6. Data Collection Process

Initial survey of the study area was conducted prior to the beginning of the study five months in advance. The
objective was to identify the possible areas for the study and prepare for working relationship with the leadership of the
relevant communities. This initial survey enabled a better understanding of the peculiarities of the study area, size of the
sample, identification of local enumerators for the household interview. 16 local enumerators were identified i.e. four
enumerators for each of the four villages. The enumerators were given one-day training to minimize bias and errors in
data collection and to familiarize the enumerators with the objectives of the study. Pretesting of questionnaires was done
on 15 households in Loglogo and the questions adjusted accordingly. The pretesting was done to check the suitability of
the tools and also whether the enumerators could pose the questions without difficulty. The pretested questionnaires
were not included in the final results analysis for the study area.

2.7. Primary Data Collection - Vulnerability Assessment

384 Household Questionnaire was administered to four villages through proportional allocation. The questions in
the questionnaire are based on climate exposure, sensitivity and capacity gaps. 90 households in Loglogo, 108 households
in Laisamis, 106 households in Korr and 80 households were interviewed in Ngurunet. The questions in the questionnaire
include demographic information, drought sensitivity including diseases to humans and livestock, livestock and human
deaths due to drought, natural resources (water, vegetation, wildlife), number of livestock owned, availability of pasture,
number of water bodies, number of livestock species kept and livestock prices. Drought exposure questions include
human, livestock and natural resources. To avoid misinterpretation, the household interviews were conducted in local
languages including Rendille and Samburu.

Village Number of Population Number of Respondents
Households
Log Logo 1,193 5,144 90
Laisamis 1,705 6,424 108
Korr 1,619 9,100 106
Ngurunet 1,665 6,058 80
Totals 6,182 26,726 384

Table 1: Sampled Villages

2.8. Secondary Data Collection

Secondary data was collected from meteorological stations (Kenya Meteorological Services), Government of
Kenya reports, NGOs' reports and County Government reports. Other data was collected through observations, listening
and photography. The secondary data collected include rainfall and temperature from the meteorological stations in the
study area and Marsabit Town. Records on frequencies of droughts and floods were obtained from the relevant GOK
authorities in the Sub-County. Rainfall and temperature data over 30 - 50 years was collected. The data sets obtained
include mean monthly rainfall averages together with minimum and maximum temperatures. However, there were some
missing rainfall and temperature data for some centres in the study area including Korr, Ngurunet, Longlogo and Laisamis.
Trends in temperature and rainfall deviations were recorded. Observations and photographic data and hearings were also
used to enrich the secondary data. Additional secondary data were obtained from existing literature including published
reports and other relevant sources.

2.9. Data Analysis

Primary data obtained was anlysed through SPSS Version 20 and MS Excell programmes. Drought impact data
including exposure and sensitivity was analysed through SPSS. Impact is calculated from exposure and sensitivity.
Weighed indices ranging from 0 -1 were assigned to each variable within exposure and sensitivity. The maximum weight
index was 1, while the minimum was 0. Data on rainfall and temperature was analysed from the study area over 10 — 50-
year period depending on data availability from the various trading centres. The rainfall and temperature data was useful
in providing indications of drought years in the study area over a long period of time.

3. Results and Discussions

3.1. Socio-Demographic Characteristics of Respondents

A total of 384 households we interviewed and the distribution is, 28.1 %( n=108) were from Laisamis Center; 23.4
%( n=90) from Loglogo; 27.6% (n=106) were from Korr and finally 20.8% (n=80) were from Ngurnet (figure 3.1). The
percentages and numbers indicate the households interviewed out of the total 384. n represents the number of
households interviewed per enumeration area.
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Figure 4: Enumeration Proportions

In Ngurunet 82.5 percent of the respondents were female while 17.5 per cent were male. In Korr 86.8 per cent
were female while 13.2 per cent were male. In Log Logo 97.8 per cent were female while 2.2 per cent were male. In
Laisamis, 73.1 per cent of respondents were female while 26.9 per cent were males. The percentages and numbers of
households interviewed and gender representation is indicated in figure 4.2. The gender distribution does not necessarily
represent thehead of household; rather it represents the gender of the household who was available to be interviewed.
However, in some cases, the female gender was heads of households. Some women were single mothers or widowed. The
female headed households or widowed households are likely to be more vulnerable to drought related stresses. This is
consistent with a study by Opiyo et al. (2014) conducted in Turkana County. The study has shown that female-headed
households, divorced and widowed person’s households with experience of less than 5 years in the area, are
disproportionately likely to be affected by climate stresses and variability (Opiyo et al, 2014).

In times of climate stresses and shocks like drought, these categories of households tend to have fewer options to
find other ways of making a living, because their very low levels of literacy reduce their opportunities in coping
mechanisms such as wage employment. Similarly, female or divorced and widowed household heads are likely not to be
empowered enough in pastoral communities to make household decisions and are frequently without access to credit
services and adequate capital assets or not able to own large herds of livestock to manage households’ daily requirements
(Nabikolo et al, 2012). Similar observations have been made by Kakota et al. (2011) in Malawi and Tesso et al. (2012) in
Ethiopia.

Distributionby gender
Female ®Male

o =79)82.5%
NGURNET (N=79)
_ (N=29)17.5%

(N=92)86.8%

KORR

I (N=14)13.2%

LOGLOGO | 20 e (N=88)97.8%
=L ) Ll

P (N—14)26.9%

Figure 5: Distribution by Gender

LAISAMIS (N=66)73.1%

The largest group from all the enumeration areas is between ages 36-60 years with the least being the age groups
above 61 years. The age group of 36-60 years is the most active and productive age among the respondents. Categories in
age group above 61 are more vulnerable because they have no adequate energy to engage in economic activities. The
household with population of 2 under all age groups is the largest, Under 5 years (43.2%), 6-18 years (29.9%), 19-64 years
(52.3%) except for those above 65 years (55.3%) with the highest population of size (Figure 6).
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Figure 6: Age Distribution in the Study Area

Households with more dependents are more vulnerable that households with less dependents. In urban set up,
the existence of the dependents may enable the provider, such as a parent or guardian, to claim income tax relief
deduction. However, in a pastoral set up, the dependents rely on individual household heads to provide food, shelter and
other basic services, resulting in pressure on the household head and the entire household. In consistent with the study
findings, Opiyo et al. (2014) found out that in Turkana, the determinants of households’ vulnerability were found to be
significantly influenced by size of the household, number of dependents, household head, marital status and social
linkages. The results are also consistent with previous findings by Kakota et al. (2011) and Gebrehiwot and vander Veen
(2013). The household size distribution for the study area is as indicated in figure 3.4.

Women play significant role in the household decision making among the pastoralists. There were 82 - 98 %
women respondents in the four enumeration areas. The study communities comprise 52.3 % of 19 - 64 age groups, which
is the most economically productive group. This implies that the community has adequate human resources to engage in
economic activities. For example, households with more productive categories are less vulnerable than the categories with
less productive ones. Less productive categories are more likely to be vulnerable compared with the productive category
(Opiyo et al, 2014). Elderly household categories are probably worse off in terms of preparing strategies to cushion their
families against adverse climatic stresses and impacts and are likely to be more vulnerable (Opiyo et al, 2014).

Laisamis Sub-County by size of household
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Figure 7: Household Sizes

From the bar graph above, male headed households with 2 dependents were 25 per cent of respondents, while
with 3 dependents and above were 75 per cent for the study area. For female headed households, the households with 2
dependents were 23.2 per cent, while with 3 dependents were 76.8 per cent for the study area. We further went ahead and
analysed the composition by the enumeration areas and the output was as below (Table 3.1). The table indicates the male
and women headed households, the number of members in each household, the frequency, and the percentages of
household members interviewed in each area including Laisamis, Loglogo, Korr and Ngurunet. In Laisamis male headed
households with 2 members were most frequent at 28.7 %, in Loglogo, male headed households with 3 members were
most frequent at 34.4 %, in Korr male headed households with 3 members were most frequent at 27.4 %, while in
Ngurunet male headed households with 3 members were most frequent at 31.3 %. The male headed households with
lowest frequency with 13 members in Laisamis was 0.9 %. In Loglogo male headed households with lowest frequency
were 6 members at 2.9 %. In Korr, male headed households with 8 members was least frequent at 0.9 %, while in
Ngurunet male headed households with 5 members was least frequent at 8.8%.

Female headed households with highest number of members in Laisamis was 2 at 24 %, in Loglogo is 3 at 28.9 %,
in Korr is 3 at 34 %, while in Ngurunet is 2 members at 26.3 %. Female headed households with 11 members had lowest
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frequency in Laisamis. In Loglogo female headed households with 6 members was least frequent at 1.1 %. While in Korr,
female headed household with 7 members was less frequent at 0.9 %. In Ngurunet, female headed household with 5
members was the least frequent at 11.3 %.

Male headed household Female headed household
Enumeration | Household | Frequency Percent Size of
Area size (n) (%) Household | Frequency(n) Percent (%)
1 9 8.3
2 31 28.7 1 19 17.6
3 22 20.4 2 26 24.1
4 22 20.4 3 25 23.1
Laisami 5 10 9.3 4 14 13.0
alsamis 6 7 6.5 5 14 13.0
7 4 3.7 6 5 4.6
8 2 19 7 2 19
13 1 9 11 2 19
Total 108 100.0 Total 108 100.0
1 13 144
2 22 24.4 1 11 12.2
3 31 34.4 2 20 22.2
4 12 13.3 3 26 28.9
Loglogo 5 5 5.6 4 24 26.7
6 3 33 5 7 7.8
7 2 22 6 1 11
8 2 22
Total 90 100.0 Total 90 100.0
1 13 12.3 2 22 20.8
2 21 19.8 3 36 34.0
3 29 27.4 4 20 18.9
4 22 20.8 5 10 94
Korr 5 11 104 6 7 6.6
6 5 47 7 1 9
Total 106 100.0 Total 106 100.0
1 11 13.8 1 12 15.0
2 22 275 2 21 26.3
3 25 313 3 15 188
Ngurnet 4 13 16.3 4 17 213
5 7 8.8 5 9 11.3
Total 80 100.0 Total 80 100.0

Table 2: Laisamis Sub-County - Size of Households Headed by Males and Females

Generally, in Laisamis Sub-County, the dependents were as below in Figure 8 according to the size of the
households and age groups. The vertical part of the graph indicates percentages of each age group in the households,
while the horizontal part of the graph shows the number of members in each household. The color coded bar charts
indicate under-fives, 6-18 year olds, 19 - 64 year olds and household members above 65 years of age. According to the
data, the household with population of 2 appear to dominate, while households with 1 member follows. Households with 3
to 4 members are moderate, while households with 5 - 16 members are rare in age category (Figure 8).
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Size of the household by age groups in Laisamis Sub-County
60.0%
30.0% —1
40.0% 81
30,0% H —
20.0% —1
10.0% —‘ —
0.0% -—. - =
1 2 3 - 5 6 7 8 9 16
B Under 5 years | 42.4% | 43.2% | 12.8% | 1.6%
B 6-18 years 12.8% | 29.9% | 27.4% | 14.3% | 9.3% | 44% | 0.9% | 0.9%
19-64 vears 113% | 52.3% | 13.1% | 10.1% | 43% | 34% | 24% | 2.1% | 06% | 03%
Above 65 vears | 35.3% | 42.1% 2.6%

Figure 8: Size of Household by Age Group

From the study area, a greater percentage, 54 % of the pastoralists were unemployed with just 2 percent 2%) being
employed. 93.8% of the households do not have formal education in the study area. Only 1.3 % has limited primary
education and a negligible number had secondary education. The proportion with no formal education is the highest of all
ranging from 85 - 90 %. This scenario implies that the target pastoralists are highly vulnerable to drought related stresses
because they cannot access early warning information or read livestock extension materials. This finding is consistent with
finding of a similar study by Opiyo et al (2014) in Turkana.

3.2. Impact of Drought on Pastoral Production Systems

Percent of Normal drought index which is defined by the UNEP (2011) as is a measurement of dryness based on
recent precipitation and temperature was used for the study. Percent of Normal is a simple method to detect droughts. It is
calculated by dividing actual (rainfall received in an area) precipitation by normal precipitation (average rainfall received
in an area over time) typically a 30 - year mean and multiplied by 100 %. Thus the Drought Index for Korr was 64%, for
Loglogo was 87%, for Ngurunet was 74 % and Laisamis was 53 %. The Drought Index for the study area was 53 %. This
implies that, the study area is likely to experience drought about 53 % of the time.

3.2.1. Relationship between Drought Index and Number of Livestock Owned

Correlations

Drought Index
Livestock Pearson Correlation -.093
Unit Sig. (2-tailed) .095
N 321

Table 3: Relationship between Drought Index and Number of Livestock Owned

There is a weak negative (r=-0.093, p= 0.095) linear relationship between drought index and number of livestock
owned, Table 3. This means that for every increase in drought index, there is a decrease in the number of livestock owned.
This finding echoes literature by Seo and Mendelsohn (2016) who argued that the probability of owning livestock
increases as annual temperature increases, but decreases as annual rainfall increases. Seo and Mendelsohn (2016)
explained that as the temperature rises, pastoralists prefers to own goats and sheep rather than beef cattle, dairy cattle
and sheep which all decrease as precipitation decreases. All three of these species are more productive in grasslands. In
contrast, goats and chickens are more likely to be chosen as rain decreases.

The findings are also in support of findings by Kabubo-Mariara (2011) who established that the effect of drought
on net animal revenue on those who own large number of livestock shows a linear increase. The weak linear relationship
can be explained by the argument by Digambar (2011) that those who own a small number of livestock have no much
effect during the drought season. The weak relationship is lined to the fact that during rainy season, farmers shift to crops
since the grassland changes to forests as rain increases and this reduces the availability of natural grazing for most animals
as well as increase in animal disease during rainy season as explained by during rainy season there is an increase in animal
diseases (Seo and Mendelsohn, 2016). The weak relationship can also be explained from findings by FAO (2012) that as
high temperatures and changes in rainfall patterns and these translate in an increased spread of existing vector-borne
diseases and macro parasites of animals as well as the emergence and spread of new diseases.

From similar findings by Abate (2013) it was found that drought and delay in the onset of rain lead to poor
regeneration of grass, water shortage and heat stress on livestock. The drought and delay of rainfall lead to increased
mortality of livestock, vulnerability to diseases and physical deterioration due to long distance travel for water and
pastures. As a result of severe drought, there was direct impact on the growth of palatable grass species and that
regeneration of fodder species in pasture and forest fodder is decreasing because of less rainfall leading to a shortage in
diversity and quality of livestock fodder (Digambar, 2011). Therefore, from the findings of this study, it can be argued that
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increase in drought index leads to a decrease in livestock population which affects production of milk, milk products and
meat and increases vulnerability of the population. The drought also affects livestock by drying wetlands, pasture land,
water resources, streams and decreasing availability of drinking water for livestock.

3.2.2. Relationship between Drought Index and Availability of Pasture (Percentage Cover)

Drought Index
Pasture Pearson Chi-square 19.110
Asymp. Sig. (2-sided) 0.002
Cramer's V 0.134
Df 1
Cohen’s Index(w) 0.134

Table 4: Relationship between Drought Index and Availability of Pasture (Percentage Cover)

The Chi square results indicated that there is a significant relationship between Vulnerability Index and
availability of pasture. X2 (1) =19.110, p=0.002, Table 4.

With reference to the chi-square test it interpreted that the relationship between drought index and availability of pasture
in the study area is low, w=0.134.

The assessment of drought index and availability of pasture applied in this study, supports findings by Wilhite
(2014) and Wilhelmi (2012) that drought reduces pasture availability due to exposure to the climatic hazard (e.g. low in-
pasture growing rainfall) and the underlying dryness primarily leads to low pasture available. The significant relationship
between drought index and availability of pasture reinforces findings by Smith (2016) in which he established that high
drought index will decrease availability of pasture.

However, Semenza and Menne, (2009) established a different reason explaining the relationship between drought
index and availability of pasture. In this regard, they indicated that alterations in pasture availability due to drought may
be due to overgrazing. This can however be managed by taking actions such as planning and decision making on longer
timeframes; aiming to enhance resilience by planning (risks & exposure), infrastructure and protection of strategic
reserves and community; requiring community involvement and support as proposed by (AfriCAN Climate; 2015).
Unfortunately, traditional pastoral mobility has been restricted by loss of pastoral lands to population pressures (of both
humans and livestock), encroachment on important grazing areas by expanding agricultural or other pastoral groups, as
well as the creation of commercial ranches and game parks. (Fratkin et al 2004).

3.2.3. Relationship between Drought Index and Number of Water Bodies

Correlations

Main Source of Water
Drought Pearson Correlation -.002
Index Sig. (2-tailed) .968
N 310

Table 5: Relationship between Drought Index and Number of Water Bodies

There is a weak negative (r=-0.002, p= 0.968) linear relationship between drought index and number of sources of
water, Table 5. This means that for every increase in drought index, there is a decrease in the number of sources of water.
The weak negative relationship can be explained from available literature by Waggoner and Revelle, (2010) that drought
is a major instrumental factor that affects water quality, both for surface as well as ground water. Waggoner and Revelle,
(2010) continues to explain that drought reduces water quantity which results in changes in flow regimes influencing the
chemistry, hydro-morphology and ecology of regulated water bodies. The weak relationship is linked to the fact that
communities take measures to reduce the effects of drought by constructing new water sources such as dams, pans and
boreholes as observe by (Whitehead, 2015). However, generally, the study findings show that water bodies that play an
important role in water purification dry up during such heat events and longer evaporative seasons hence the negative
relationship. Increased drought index as per Murdoch, Baron and Miller (2014) leads to lowering underground water table
and hence lowers the number of water bodies available as it also leads to changes in water quality periods of elevated air
temperature or drought can cause conditions that exceed thresholds leading to water quality degradation.

The study findings can also be associated to findings by Taylor (2013) who established that water quantity under
climate extremes are affected through reductions in the water stored in glaciers and snow cover. These water sources
keep on declining under extreme weather conditions. This trend reduces water availability especially during warm and
dry periods (through a seasonal shift in stream flow, an increase in the ratio of winter to annual flows, and reductions in
low flows) in regions supplied by this source (Taylor, 2013). Delpla (2011) adds that water availability from water bodies
decreases further when storage capacities are not sufficient as much of the winter runoff will be lost to the oceans, and this
will create regional water shortages hence the negative relationship.In many cases, access to large scale water
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developments have turned out to be destructive of the environment as well as of social relations and has contributed to
increased vulnerability of pastoralists to events such as drought (Manger, L., & Ahmed, A.G. M., 2000).

3.2.4. Relationship between Drought Index and Number of Livestock Species

Correlations
Cattle Camels Goats Sheep
Drought Pearson -.249 .023 .035 .056
Index Correlation
Sig. (2-tailed) .000 .684 538 325
N 312 312 312 312

Table 6: Relationship between Drought Index and Number of Livestock Species

There is a weak negative (r=-0.2492, p= 0.968) linear relationship between drought index and cattle, table 3.5.
There was also weak positive linear relationship between drought index and camels (r=0.23) same as for goats (r=0.35)
and for sheep (r=0.56). This means that for every increase in drought index, there is a decrease in the number cattle
owned and little increase in number of other species being camels, goats and sheep.

These findings concur with findings by UNEP (2012) that generally population of livestock species decreases due
to drought. The credence of the study findings can also be found from findings by Thomas (2014) that drought eliminates
15% to 37% of all species in the world. Steinfeld (2016) explains this by arguing that increase in temperature affects
species reproduction, migration, mortality, and distribution.

The decrease of cattle in number as drought index increases is explained by literature by Thornton (2011) who
states that that loss in livestock species is mainly because of the practices used in livestock production that emphasize
yield and economic returns and marginalization of traditional production systems where other considerations are also
important (such as ability to withstand extremes).

3.2.5. Relationship between Drought Index and Livestock Prices

Correlations

Livestock Prices
Drought Pearson Correlation -.148
Index Sig. (2-tailed) .008
N 321

Table 7: Relationship between Drought Index and Livestock Prices

There is a weak negative (r=-0.148, p= 0.008), Table 7. linear relationship between drought index and prices of
the livestock. This means that for every increase in drought index, there is a decrease in the prices of the livestock. The
findings augment argument by scholars like Paarlberg and Lee (2016) that effects of drought can persist for several years
in the livestock industry and as feed costs rise, livestock producers typically increase livestock slaughter increasing supply
thus lowering prices. The weak relationship can be attributed to the fact that the rise in supply of livestock causes the price
of live livestock to decrease in the short-run and beef livestock inventories to decrease in the long-run. Livestock
industries usually take longer to recover than crop industries do because of the drought-induced decrease in breeding
stock. The study established from responses from key informants that livestock slaughter rises at the onset of a drought,
but then diminishes below baseline levels and remains low until producers build up the breeding stock again. Conversely,
the price of livestock declines as the market is flooded with low-weight livestock and culled livestock. After slaughter
declines, the prices rise above baseline and slowly work back down as breeding stock and slaughter rise again.

The fluctuation of livestock prices as per the study findings have also been explained by Wilson (2017) when he
explains drought is an important market factor in livestock markets. The findings can also be explained by findings by
Wilson (2017) that with short supplies of hay available, cow herds get reduced, resulting in slaughter cow prices being the
lowest. Cattle and sheep generally consume green grass as their main diet. Hay from wheat stems and other plant material
is used as a nutritional supplement. As the drought persists, supplies of hay continue to run low and the prices of hay
continue to rise. Consequently, farmers put a lot more cattle on the market as they could not feed them due to the drought
and hence the cattle prices come down (Wilson, 2017).

Drought reduces crop production which increases commodity prices. Higher commodity prices increase feed costs
which induce reductions in livestock breeding inventory. The drought also induces greater cattle slaughter which puts
downward pressure on cattle prices and accelerates the breeding herd reduction. As forage prices rise, other crop prices
rise as well (Sivakumar, 2011). Changes in crop prices alter input costs for livestock. Forage and pasture, along with grains,
are the crops with the largest impact on costs in the beef sector as they comprise the largest percentage of beef cattle feed.
Drought also led to added culling of breeding animals and further increased cattle slaughter. Increased slaughter affected
cattle prices in the short run. Reduced cattle prices and higher feed costs reduce expected returns throughout the supply
chain leading to a decrease in beef cattle inventory and a corresponding decrease in the supply of calves moving through
the supply chain over time, which affects cattle prices in the long run.
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4. Summary, Conclusions and Recommendations

4.1. Summary

Impact of drought on pastoral production systems was measured using the relationship between various factors
in relation to the drought index in the study area. The factors considered in the study were, relationship between drought
index and; number of livestock owned, availability of pasture, number of water bodies, number of livestock species as well
as livestock prices. The study established that there is a weak negative (r=-0.093, p= 0.095) linear relationship between
drought index and number of livestock owned. There was also there is a significant relationship between Vulnerability
Index and availability of pasture X2 (1) =19.110, p=0.002 which was however low w=0.134.

The study determined that there is a weak negative (r=-0.002, p= 0.968) linear relationship between drought
index and number of sources of water. There was however a differing relationships between drought index and livestock
species indicating; a weak negative (r=-0.2492, p= 0.968) linear relationship between drought index and cattle, a weak
positive linear relationship between drought index and camels (r=0.23) same as for goats (r=0.35) and for sheep (r=0.56).
This means that for every increase in drought index, there is a decrease in the number cattle owned and little increase in
number of other species being camels, goats and sheep.

4.2. Conclusion

Livestock in arid areas of Kenya plays a significant role in the local economies of such areas with many rural
Kenyans deriving a range of financial benefits from livestock keeping. Livestock owners often ‘cash in’ their animals for
particular purposes at a time of need and choice which highly determines the levels of impact of drought on households.
Since pastoralists hold most of their wealth in the form of livestock, the impacts of drought and related challenges affect
their entire livelihoods. Given the critical role livestock plays in the lives of the pastoralist communities, there still exists a
myriad of constraints emanating from different areas of concern some of which have been highlighted in this study. From
the data analysis the following conclusions are deduced i.e. the number of water bodies was also found to reduce the
drought impact levels for communities though by a small margin, rearing of new breeds that are drought tolerant and
consumes less pasture would reduce drought impact on communities in the study area including camels, donkeys and
goats.

However, Semenza and Menne, (2009) established a different reason explaining the relationship between drought
index and availability of pasture. In this regard, they indicated that alterations in pasture availability due to drought may
be due to overgrazing. This can however be managed by taking actions such as planning and decision making on longer
timeframes; aiming to enhance resilience by planning (risks & exposure), infrastructure and protection of strategic
reserves and community; requiring community involvement and support as proposed by (AfriCAN Climate; 2015).
Unfortunately, traditional pastoral mobility has been restricted by loss of pastoral lands to population pressures (of both
humans and livestock), encroachment on important grazing areas by expanding agricultural or other pastoral groups, as
well as the creation of commercial ranches and game parks. (Fratkin et al 2004). Waggoner and Revelle, (2010) explains
that drought reduces water quantity which results in changes in flow regimes influencing the chemistry, hydro-
morphology and ecology of regulated water bodies. The weak relationship is linked to the fact that communities take
measures to reduce the impact of drought by constructing new water sources such as dams, pans and boreholes as observe
by (Whitehead, 2015).

4.3. Recommendations

e Communities are exposed to frequent droughts situations. In order to cope with droughts situations households
may keep more drought tolerant livestock like camels and engage in non-drought sensitive livelihoods where
possible.

e Exposure to conflict is a major challenge and may result in displacement of populations and stressing the grazing
land and water resources. There is need to begin peace building and conflicts resolution mechanism through
establishment of peace committees.

e As short-term drought coping strategy in the study area, only 7 % came from external sources. 93 % of drought
coping strategy originated from within household and community resources. This implies that, external
supporters need to provide low inputs and take precautions not to undermine indigenous drought coping
mechanism within the community.

e Key factors that contributed to high drought impacts on households include, low access to productive assets, low
employment status, poor social networks, low access to extension services, poor access to drought early warning
systems, poor remittances from relatives, poor access to credit facilities, low education and literacy levels and
poor access to technology. If interventions are made in these key areas, drought resilience could be enhanced and
impacts of droughts on households significantly reduced.
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