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Abstract

Climate variability causes pulsed livestock and crop production, and
in severe cases, production failure. It is, thus, an important predictor
of household livelihood choice in pastoral and agro-pastoral
communities that rely on rain-fed pastures and crops. The objective of
this study was to investigate the factors that influence household
livelihood choices and determine the repercussions that will help
northern Kenya’s pastoral and agro-pastoral production and
adaptation policies. The historical self-calibrating Palmer Drought
Severity Index (PDSI) was calculated every month using the 40-year
monthly mean precipitation, monthly average temperature, and
climatological soil available water storage capacity. The hydrological
drought severity index analysis showed that Sololo and Maikona
experienced the most severe floods in the years 2000, and 2020, with
huge indexes of around 4370, and 4220, respectively. A multinomial
logistic model was used to analyze primary data collected from 396
randomly selected pastoral and agro-pastoral households in four
wards of Marsabit County and relate the outcome to climate
variability to deduce the determinants of livelihood choices in
response to climate variability among pastoral and agro-pastoral
communities in Northern Kenya in a location-specific manner. Results
show the likelihood of a household selecting crop farming (p<0.05)
and other non-farming occupations (p<0.01), but positively
associated with the likelihood of a household choosing livestock
keeping. Education strongly (p<0.05) predicted a household’s
preference for paid jobs and crop farming over animal rearing. This
shows that the educated household heads are more likely to prefer
formal jobs and crop farming to animal rearing. Adopting alternative
livelihood sources, such as raising adopted livestock species (camel,
goats) and drought-tolerant crop species, is often influenced by
respondents’ socioeconomic characteristics. To attain a sustainable
livelihood option in Marsabit County, policies that strengthen these
features must be drawn and executed.
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1. Introduction

Climate extremes are described as “infrequent meteorological and climatological
phenomena that exceed a defined threshold”. The World Meteorological Organization
2019 report and Balling et al. (2016) define extreme climate as “the occurrence of a
value of a climate variable above (or below) a threshold value near the higher (or
lower) ends of the assortment of observed values of the variable”. Climate variability
is increasingly recognized as a global phenomenon affecting various development
sectors and local, national and international economies. The Intergovernmental Panel
on Climate Change (IPCC) defines climate variability as a change in the state of the
climate that can be identified using statistical tests and as changes in the mean and
variability of climatic properties that persist for an extended time, typically decades or
longer (IPCC, 2007). The consequences of climate variability are likely to be felt more
acutely in developing countries, where a large proportion of the population lives in
vulnerable areas, making a living primarily from natural resources, with limited
institutional capacity to take proactive adaptation measures.

Pastoralism and agro-pastoralism are modes of life for people living in arid and semi-
arid regions of the world. Livestock production is critical in both pastoral and agro-
pastoral systems to the incomes, economies, and livelihoods of hundreds of millions of
Africans and the rest of the globe (FAO, 2021). According to contemporary estimates,
there are around 120 million pastoralists and agro-pastoralists worldwide, with 41.7%
living solely in Sub-Saharan Africa (SSA) (Mohamed, 2019). East Africa has the highest
proportion of pastoralists and agro-pastoralists, accounting to nearly half of all
livestock in the SSA and providing a living for more than 30 million people in the region
(FAOQ, 2021). The sector contributes $50-80 million in economic value to Kenya each
year, 7.5% of Uganda’s overall GDP, 17% of agricultural GDP, and 90% of Ethiopia’s
live animal export supply (CELEP, 2017).

The IPCC (2019) anticipates that climate-related threats to health, livelihoods (i.e.,
agriculture and livestock sectors), food security, water supply, human security, and
economic growth will rise as global temperatures rise. Despite the internal and
external reasons that limit the livelihoods of pastoralists and agro-pastoralists, global
warming is likely to exacerbate the problem. Agriculture is the foundation of Africa’s
economy, accounting to the majority of livelihoods across the continent. According to
the WMO (2019), the weather in Africa in 2019 was marked by sustained warming
temperatures, rising sea levels, and repercussions from weather extremes and climatic
events. In line with this, the Greater Horn of Africa had a significant change in climate
change, from drought conditions in 2018 to floods and landslides in late 2019 (WMO,
2019). Climate extremes, such as drought and floods, are common in East Africa
(Gebrechorkos et al., 2019).

Drought is a natural climatic occurrence that has far-reaching consequences for many
socioeconomic sectors of any civilization, wreaking havoc on the community (Dai,
2013; Polong et al., 2019). Drought effects are expected to become more complicated,
frequent, and widespread as a result of climate change and variability (Sheffield et al.,
2012). For example, the drought from 2008 to 2010 affected nearly 13 million people
in East Africa (Muller and Cross, 2014). The relationship between climate variability
and livelihood choices is an important field of study, particularly in vulnerable areas in
Northern Kenya. Climate variability influences livelihood choices, and adaptive
techniques are critical for increasing resilience. These variations can include erratic
rainfall, temperature changes, and extreme weather occurrences such as droughts and
floods. These effects have a direct impact on natural resources, ecosystems, and human
activities, especially in vulnerable locations. Livelihood choices are how pastoralists
and agro-pastoralists make decisions based on their basic requirements such as food,
water, shelter, and income. People choose their livelihood options based on available
resources, talents, cultural norms, and environmental factors. Agriculture (crop and
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livestock rearing), fishing, herding, trade, and other non-farm activities are common
sources of income. Climate variability has a considerable impact on how people
determine their livelihood choices. Livestock production and crop yields are affected
by erratic rains and high temperatures in Marsabit County. Pastoralists and agro-
pastoralists may diversify their crops and livestock species or choose drought-
resistant varieties of crops and livestock. Unpredictable grazing conditions have an
impact on livestock body conditions and health which may affect their productivity and
marketability. Climate fluctuations may compel herders to reduce herd sizes or pursue
other alternate options that are more resilient. Climate shocks may push people to
relocate in quest of better chances or resources. When deciding on livelihood choices,
people consider climate concerns. For instance, pastoralists and agro-pastoralists in
drought-prone areas may choose drought-tolerant crops, while coastal communities
may consider sea-level rise when fishing.

Climate variability has caused a drop in crop and animal production, with many
households in Sub-Saharan Africa looking for alternative ways to make a living.
Families engage in farm and non-farm livelihood activities such as crop production,
animal rearing, and petty trading to supplement their income and cope with a harsh
and challenging environment (Gebru & Beyene, 2012; Kalinda & Langyintuo, 2014;
Ogundeji et al.,, 2022). Nkoya et al. (2004) found that the way a family makes a living is
tied to their social capital, human, financial, physical, and natural assets. When adverse
conditions prevail, adaptation can help reduce many of the consequences of climate
impacts on livelihoods. To adapt successfully, one needs access to resources, such as
money, land, knowledge, technical skills, and institutional resources (PCGCC, 2004). In
addition, various social, economic, technological, and environmental trends influence
farmers’ ability to perceive and adapt to climate change. Knowledge of adaptation
methods and factors influencing farmer decisions strengthens efforts to address
climate change challenges (Temesgen et al.,, 2009). The pastoral system in Marsabit
County, Kenya, is vulnerable to environmental degradation and ever-increasing food
insecurity (Opiyo et al., 2014). Climate variability, social and economic issues such as
recurring drought, a lack of basic infrastructure, and conflict are all working to limit
pastoralist communities’ livelihoods in the study region (Opiyo et al,, 2015; Ahmad et
al,, 2022). Various studies have been conducted on farmers’ adaptation options and
their determinants in multiple countries, including Kenya, Ethiopia, and sub-Saharan
Africa (Rahimi et al,, 2022; Tofu et al,, 2023; Temesgen, 2009). Climate variability
adaptation is a critical strategy for reducing the severity and cost of climate change
impacts. Adaptation measures assist farmers in mitigating losses caused by rising
temperatures and decreased precipitation (IPCC, 2007; Tofu et al, 2023). While
Marsabit County has previously used native ways of adaptation to disruption and
damage induced by extreme climate conditions, such as drought, the recurrence of
these severe climate occurrences presents additional constraints that limit adaptation
options (Ericksen et al,, 2013). Marsabit County, being arid and semiarid land (ASAL), is
prone and vulnerable to drought. This has been exacerbated by the fact that 80% of the
population relies on pastoralism for a living, which is primarily dependent on rainfall as
a supply of water for pasture. However, little evidence exists on how efficient the drought
early warning system is for rural residents in Kenya's ASAL regions. Few research
(Silvestri et al,, 2012) have focused on drought susceptibility and adaptation, with little
or no emphasis on drought forecasting. A thorough drought analysis is essential for
drought management and can enhance drought forecasts (Zargar et al.,, 2011).

The general objective of this study was to investigate the impacts of climate variability
on livelihood choices among pastoral and agro-pastoral communities in Marsabit
County to inform policy development and development initiatives aimed at improving
pastoral livelihoods and food security. To address the general objective, the study
sought to analyze the determinants of livelihood choices in response to climate
variability among the pastoral and agro-pastoral communities in Northern Kenya
which is the specific objective of this research paper.
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2. Methodology
2.1 Study Area

Marsabit County is one of the ASALS in the Upper East that is influenced by climate
variability, such as recurring drought and irregular rainfall patterns. Marsabit County
has a total area of 70,961.2 square kilometers and is located in the far North of Kenya.
It borders Ethiopia to the North, Turkana County to the west, Samburu County to the
south, and Wajir and Isiolo counties to the east. It is located between the latitudes of
02° 45° North and 04° 27° North, and the longitudes of 37° 57° East and 39° 21° East
(Figure 1). The majority of the county comprises an extensive plain that rises between
300 and 900 meters above sea level and slopes gently to the southeast. Hills and
mountain ranges border the plain to the west and North, and volcanic cones and
calderas punctuate it. Pastoralism and small-scale business are the main economic
activities, with some small-scale crop farming such as maize, beans, wheat, pulses,
fruits, khat (Catha edulis), and fishing.

The county is divided into four administrative sub-counties, which also serve as
electoral constituencies: Saku, Laisamis, North Horr, and Moyale. The sub-county is
divided into 20 wards, administrative locations, sub-locations, and villages. The county
has tropical climatic conditions, with extreme temperatures ranging from 159 Celsius
to 260 Celsius and an annual average temperature of 259 Celsius. Rainfall ranges from
200 mm to 1,000 mm per year, with duration, amount, and reliability increasing with
altitude.
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Figure 1: Map of the study area
2.2 Sampling Approach

A two-stage sampling procedure was employed. In the first stage, sampling was
purposefully done to capture the pastoralist and agro-pastoralist locations for
livelihood comparison between two areas within Marsabit County. The pastoralist
areas chosen were Maikona and Kargi, while the agro-pastoralist sites were
Dakabaricha and Sololo. In the second stage, villages and households within the chosen
locations were randomly selected. The optimal sample size was calculated using the
Fisher et al. (1991) formula for household data from the study site. Based on the
equation below, a sample size of 135,694 (study population) will have a sample size of
384 households at a 95 percent confidence level.

zzp(;—p)
Sample Size ={—=%——~1— — — Eq1l
p 1+(222(211;p)> ( q )
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Where:
z- z-score=1.96
p  Population proportion (=50%)

e- Margin of error=5%
N  Population Size (15,589 households at Kargi, 51,426 Households at
- Dakabaricha and 44,822 households in Sololo, 23,857 Households in Maikona)

z=1.96,p=0.5,N = 135694, e = 0.05

n=[1962*0.5*(1-0.5)/0.052 / [1+ (1.962*0.5 * (1 - 0.5) / (0.052 * 135694))]
n = 384. (16 / 1.0028 = 383.075)

n ~ 384

The number of households per village was divided by the total number of households
in the study region to determine the number of households included in the survey. It
was then multiplied by the sample size chosen giving the specific number of
households to be included in the survey. A total of 384 households were selected for
interviews using a semi-structured questionnaire.

2.3 Research Design

The study used quantitative research methods to identify the livelihood choices
adopted by pastoralists and agro-pastoralists as a strategy for coping with the ever-
changing climate in Marsabit County. Long-term precipitation and temperature
datasets were used to analyze rainfall variability and temperature, key indicators of
climate variability, while household surveys were conducted with household
respondents using semi-structured questionnaires.

The information gathered included demographic and economic household
characteristics, livestock, and crop production, climate hazard occurrence, perception
level, and other relevant information. The study used different analysis technics to
analyze rainfall and temperature data and household data from the field. This study
used rainfall and temperature data to analyze hydrological drought severity using R
programming. The positive index indicated years of flood episodes, while the negative
index indicated drought. The severity of the two rainfall extremes was obtained from
the drought index values. Wells et al. (2004) provide a full explanation of the
modification of the original PDSI to a self-calibrating PDSI (scPDSI), which is covered
in the methodological section of this paper. A multinomial logistic model was used to
analyze primary data collected from 396 randomly selected pastoral and agro-pastoral
households in four wards of Marsabit County and relate the outcome to climate
variability to deduce the determinants of livelihood choices in response to climate
variability among pastoral and agro-pastoral communities in Northern Kenya in a
location-specific manner. For trend analysis, R programming was used to analyze
climatic data.

2.4 Climate Data Source and Analysis

Meteorological data records from 1981 to 2021 were collected from the four study
locations in Marsabit County. Daily rainfall data for the period 1981-2021 were
obtained from CHIRPS, gridded at a resolution of 0.050 x 0.050 (approximately 5 km x
5 km over land surface), and daily temperature data were obtained from the ECMWF
Re-Analysis, ERA5. The choice of Marsabit weather station was informed by the
availability of reliable long-term and continuous records of rainfall data for the period
under study. The rainfall datasets include 40 years of observations, enough to meet the
minimum number of constant observations required for a valid climate statistical
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analysis, as per WMO (2017). The data was analyzed by use of R programming
software. The household data was collected using a household survey, focus group
discussion, and key informant interviews by use of a questionnaire.

The Palmer Drought Severity Index (PDSI) was calculated by classifying relative soil
moisture conditions into 11 categories described by Palmer (1965), ranging from -4
(very dry) to +4 (extremely wet). The index measures water supply and demand using
an intricate water budget approach that considers local soil properties, precipitation
records, and potential evapotranspiration (Table 1). The original PDSI does not allow
for global comparisons of drought, resulting in an inadequate representation of
drought in regions other than those sampled by Palmer.

Table 1: PDSI classification (Palmer WC, 1965)

PDSI Category Weather

> 4.00 Extremely wet
3.00 - 3.99 Very wet

2.00 - 2.99 Moderately wet
1.00 - 1.99 Slightly wet

0.50 - 0.99 Incipient wet spell
0.49 - -0.49 Near Normal
-0.50 - -0.99 Incipient drought
-1.00 - -1.99 Mild drought
-2.00 - -2.99 Moderate drought
-3.00 - -3.99 Severe drought
<-4.00 Extreme drought

2.5 Computation of Self-Calibrating Palmer Drought Severity Index (sc-PDSI)

The Palmer Drought Severity Index is calculated using the principle that
evapotranspiration (ET), recharge (R), runoff (RO), loss (L), potential
evapotranspiration (PE), potential recharge (PR), potential runoff (PRO), and potential
loss (PL) are derived from meteorological, as described in Eq.2. The PE is estimated using
the Thornthwaite (1948) technique and is mostly determined by the soil's available
water holding capacity (AWHC). Wells et al. (2004) served as the foundation for
developing the water balance equation. This provided the foundation for calculating the
moisture anomaly, which is the difference between actual and prospective precipitation.
Wells et al. (2004) provide a detailed step-by-step computation of PDSI and its
modification to sc-PDSI, which is given below First, the moisture departure (Eq.3) and
moisture anomalies using the water balance model are calculated. The objective for the
climate characteristic, K| is to alter the theoretical value of D based on climatic factors to
appropriately compare PDSI values across the spatiotemporal scale.

PE{+R{+R0O;+2.8
' Pi+L
K! = 1.5Log;, 5 (Eq2)
1
12
2= Sas e
j=

7 represents the average yearly moisture departure, whereas Di represents the
monthly moisture anomaly. The duration factors are then calculated depending on Ki.
The specified PDSI value Xi is a weighted sum of the previous PDSI value Xi - 1, which
represents the current climate trend, and the current moisture anomaly Zi, which
indicates how wet or dry it has been over the current time. Xi was calculated using
Equation 4.

X; =pXi—1 +qZ. (Eq4)
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In real terms, the duration factors explain the sensitivity of the index to precipitation
changes and the deficit thereof, p = 5 0.897 and q = 1/3. Sequentially, the 98th and
2nd percentile values of the PDSI and then SC-PDSI are computed as shown in Eq. 5.
m CZ,
%= (1) e g (Fa2)
Thus, considering any category of drought, denoted as CZ, the computed index is

calibrated as long as m and b can be calculated, where m is the line slope and b is the
y-intercept.

2.6 Characterization of Drought Using Runs Theory

A run is a series of one or more observations of varying types preceded and followed
by the same type of observation. The run approach is based on a threshold-level
selection called Q (Le et al,, 2019; Yevjevich, 1969). Thus, any drought event can be
described by duration Du, the number of consecutive intervals of time (T) during
which rainfall falls below the critical threshold, cumulative deficiency, the total number
of successive deficits, and intensity I(s), the ratio of severity to duration of the drought
event. It is possible to thoroughly understand this concept, as shown below:

In this study, the frequency (F) of dry episodes with a sc-PDSI < -1 category was
evaluated, while the risks of drought (N) were computed as the ratio of total drought
length to total time. The drought frequency, F, can thus be represented as stated in Eq. 6.
m . Du;
F==""—— % 100% (Eq6)
In Eq 5, N is the drought periodic time, and m is the number of drought occurrences in
a certain Palmer category/class; thus, the degree of severity, S, of a drought event can
be determined using Eq 7.
Dy
§; = Z ScPDSIy |scPDSI, < Q; (Eq7)
k=1
In Eq 6 Q refers to the set drought index threshold as described earlier.

2.7 Data Analysis for Multinomial Logit Model

The Multinomial Logit Model (MLM) was used to predict the nominal dependent
variables based on the household data collected. MLM permits the analysis of decisions
across more than two categories in the dependent variable, therefore making it
possible to determine the choice probabilities of different channels. The model was
chosen since logistic regression is easier to implement and very efficient in training
how socioeconomic and demographic status influences the likelihood of selecting a
livelihood approach in response to climate variation. The multinomial logit model is
the most commonly used modelling approach in decision-making processes with
multiple choices. For instance, Mutura et al. (2013) used MLM to analyze the drivers of
market channel choice among smallholder dairy farmers in lower central Kenya. The
logit model considers three or more alternative responses and enables decision
analysis and preference of possible outcomes for various alternative options (Nkamleu
and Kielland, 2006). The Multinomial logit model can be expressed as follows:

B 7 X

Pr(Y; =1) = — —
! 1+ Zgzi ef & X
eﬁk. —*K;

Pr(¥, =K —1) =

1+ Skl oF ¢
1

Pr(¥V;,=K) = —
i 1—|—Z§;i ef « X

Where Y represents households 1, 2, 3, 4....... N, each with a set of sustainable strategies
G=0,1,23,4....1, 2, 3, 4......... ]) with different livelihood approaches. The vector Xi
has the type K x I and represents the socioeconomic status of every household under
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ideal conditions. However, xi influences the possible feedback outcome (Prob. (Y =j|
Xi); j =0, 1, 2, 3.... J. Therefore, potential multicollinearity among explanatory
variables was also tested in a preliminary analysis, where it was found not to have any
potential influence on estimates from the model. Multinomial logic is defined as a
relationship between the likelihood of selecting alternative j and a set of independent
factors Xi (Green, 2003).

The household strategies were categorized into five groups: category 1 (crop
production), category 2 (forestry activities), category 3 (livestock production),
category 4 (fishing), and category 5 (any other non-farming activities). The estimated
coefficients were compared to the base category (crop production as a livelihood
strategy). The above five explanatory variables for the multinomial logit model are the
factors influencing the choice of livelihood. They are a function of some climatic factors
and the socioeconomic characteristics of farm households. These variables were
hypothesized as Sex of the household head (if male, 1; if female, 0), age of the
household head (in years), marital status (couple 1, unmarried 0), household size (0 =
below, 1 = 4 and above), education of the household head (0 = uneducated, 1 =
educated), precipitation (annual mean rainfall level in mm), and temperature (average
of the area in degrees Celsius). The climatic factors (rainfall and temperatures) may
vary depending on the location (Table 1).

Table 2: Explanatory variables used in the Multinomial Logit Model

Variable Codes Description
Sex 0=Female, 1=Male Categorical
Age of household head years Continuous
Marital status 0O=Unmarried, 1=Married Categorical
Household size 0=Below 4, 1=4 and above Categorical
Education 0O=Uneducated, 1=Educated Categorical
Change crop 0=No, 1=Yes Categorical
Intervention made 0=No, 1=Yes Categorical
Temperature - Continuous
Rainfall - Continuous
3. Results

3.1 Livelihood Profile of the Respondents

Figure 2 shows the proportional distribution of respondents in the study region based
on their livelihood profile. The study was undertaken in four wards in Marsabit County.
Kargi and Maikona wards are pure pastoral areas. The communities residing in these
regions keep different species of livestock. The Dakabaricha and Sololo regions are
agro-pastoral areas where the local community practices small-scale crop farming and
at the same time keeps livestock. The majority of respondents (96.50% in Kargi and
97% in Maikona) reported livestock keeping as their primary source of livelihood,
while a significant proportion of respondents in the agro-pastoral region (Dakabaricha
79.7%, Sololo 50.4%) indicated crop farming as their primary source of income.
Furthermore, most respondents in the agro-pastoral regions of Dakabaricha (38.6%)
and Sololo (32.5%) practiced business. In contrast, marketing of livestock products
(milk and meat) was reported by a small proportion of 26.6%, 37.5%, 35.9%, and
31.6% in Kargi, Maikona, Sololo, and Dakabaricha, respectively. Other livelihood
options practiced by respondents included the marketing of farm produce by 14.2% of
households in Kargi, 19.5% of households in Maikona, 33.9% of households in Sololo,
and 75.4% of households in Dakabaricha, and mixed farming by 14.2%, 19.5%, 33.9%,
and 75.4% in Kargi, Maikona, Sololo, and Dakabaricha, respectively. Most of the
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sampled communities reported having little or no significant secondary livelihood
sources. As a result of the lack of a diverse range of livelihood choices, communities
will be less resilient to the effects of climate variability.

Livelihood activities

120.00%
100.00%
80.00%
60.00%
o 40.00% I
S 20.00% I I
<]
< 0.00% - = 11
g Marke
2, . . . Marke .
@ Livest Busin Fish . ting of
= Crop Farm . tingof
& . ock  ess/P farmi livesto
5 farmi . casual farm
X ng keepi etty labour ng/ke produ ck
° ng trade eping ce produ
ce
m Kargi 0.00% 96.50% 0.00% 6.10% 0.00% 14.20% 26.60%
Maikona 0.00% 97.00% 0.00% 5.40% 0.00% 19.50% 37.50%
Sololo 50.40% 86.00% 32.50% 32.60% 0.00% 33.90% 35.90%
B Dakabaricha 79.70% 52.90% 38.60% 38.60% 0.00% 75.40% 31.60%
Axis Title

Figure 2: Major livelihood activities practiced by respondents in Marsabit County
3.2 Temporal Characteristics of Dry Events in the Pastoral Region of Kargi

Table 3 presents the temporal distribution of years of droughts and flood episodes in
Kargi. The temporal series of self-calibrating Palmer Drought Severity Index (scPDSI)
calculated over 40 years, from 1981 to 2021, were investigated for spatial signals to
identify the geographical range of mild-severe drought occurrences over Marsabit
using simple covariance matrix analysis. The runs were designed to capture moderate,
severe, and extremely severe dry occurrences. Analysis of hydrological drought
severity showed that pastoral regions have been experiencing both drought and flood
episodes over the last four decades. Kargi had the most severe flood episodes of +200
in the year 2000, 2017, and 2020, respectively (Table 5). While the year 2005 had the
most severe drought, denoted by a large negative index of around -120. The drought
episodes were more intense as compared to floods and had almost similar magnitudes
in the pastoral region as depicted by the results in table 5. However, the drought was
prolonged for as long as 6 years, especially from 1991 to 1996. These Prolonged
droughts can cause poor pastures and fodder, resource-based conflict, crop failure,
food insecurity, water shortages, and loss of livelihoods, while the flood episodes can
sweep away farms and animals and at times lead to outbreaks of human and livestock
diseases making the community more vulnerable to the impact of climate variability.
The findings of this study have important significance for understanding drought
patterns and informing climate resilience measures in Marsabit County and elsewhere.
The temporal distribution and severity of droughts over four decades in the study
region provide policymakers and stakeholders with historical data to better allocate
resources to the most affected regions and communities, prioritize drought-prone
areas, and anticipate and prepare for future drought events. The research distinguishes
drought occurrences in Kargi from other agro-pastoral regions such as Dakabaricha
and Sololo. These regional disparities highlight the importance of targeted solutions
that address the specific peculiarities of each area.
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The severity of drought occurrences is determined by their duration, or the amount of
time Marsabit County is without precipitation. Extreme droughts can have a
catastrophic effect on the region's fragile ecosystems, triggering biodiversity loss and
diminishing natural systems’ ability to offer essential functions such as water filtration,
flood control, and carbon sequestration. Pastoral communities in Kenya’s drylands,
particularly residents of Kargi ward in Marsabit county, which are dependent on
rainfed agriculture, are especially exposed to the effects of drought and other climate
variability. Efforts to help these pastoralists adapt to changing conditions and diversify
their livelihoods, such as the introduction of drought-resistant livestock species,
apiculture, and initiation of other income-generating activities are critical to ensuring
food security and long-term livelihoods in the future. These findings are consistent
with those of Mwangi et al. (2014), who identified drought years 1983-1984, 1992-
1993, 1999-2000, and 2009-2011 utilizing various techniques for drought research.
Prolonged droughts can have an extensive impact on livelihoods, affecting many
elements of human well-being. Droughts drastically deplete soil moisture, limiting
agricultural development and pasture establishment in an area leading to lower yields
or complete crop and pasture loss. This has a direct influence on the income of the
pastoral community and food security in the impacted region. These heightened
droughts can lead to lack of water for the animals and poor pasture regrowth in the
study region thereby affecting the livestock body condition. Malnutrition, poor milk
output, and even death are all common problems for livestock. The local pastoral
economy suffers when agricultural output declines and land prices may fall, while
unemployment may grow as a result of reduced output. Further, rising temperatures
due to climate change affect evapotranspiration which has an impact on both
agricultural water availability and ecological health. The larger magnitude of floods
may be of great advantage if rainwater harvesting is taken into consideration by the
local community and the development agencies.

Table 3: Drought severity index for Kargi 1981 - 2021

Period of Peak Duration | Severity | Intensity | Interarrival
occurrence

Jan 1980 to | Feb 1981 12 34.37 2.864167 | 21
Feb 1981

Dec 1981 to | Mar 1982 4 6.93 1.732500 | 15
Mar 1982

Mar 1983 to | Mar 1983 2 2.17 1.085000 | 3
Apr 1983

Jun 1983 to | Jun 1984 24 62.69 2.612083 | 30
May 1985

Dec 1985 to | Mar 1988 28 54.84 1.958571 | 59
Mar 1988

Nov 1990 Nov 1990 1 1.20 1.200000 | 5
Apr1991to | Jun 1992, May 72 198.20 | 2.752778 | 90
Mar 1997 1994, Mar 1997

Oct 1998 to | Jun 2000, Jun 2006 | 162 362.05 | 2.234877 | 186
Mar 2012

Apr2014to | Jun 2014 20 28.88 1.444000 | 21
Nov 2015

Jan 2016 to | Mar 2016 10 14.51 1.451000 | 60
Oct 2016

Jan 2021to | Nov 2021 11 16.16 1.469091 | 12
Nov 2021

3.3 Drought Severity for the Maikona Region

Table 4 illustrates the analysis of the drought severity index for the Maikona region of
the study. A total of nine (9) mild drought, six (6) moderate drought, and one (1)
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severe drought were observed respectively with the most intense drought being
observed in the year 1984 (Table 4). The years that Maikona experienced mild
droughts were 1983, 1988, 1990, 1998, 2009, 2013, 2014, and 2018; moderate
droughts were experienced in the years 1981, 1997, 2000, 2001, 2006, and 2021 while
severe drought was experienced in the year 1984.

Table 4: Drought severity index for Maikona 1981 - 2021

Period of Peak Duration | Severity | Intensity | Interarrival
occurrence

Jan 1980 to Feb 1981, Mar | 25 60.52 2.420800 | 36
Mar 1982 1982

Ma 1983 to Mar 1983 4 4.48 1.120000 | 7
Jun 1983

Oct1983to | Jun 1984 15 45.63 3.042000 | 25
Dec 1984

Nov 1985 to | Mar 1988 29 55.66 1.919310 | 58
Mar 1988

Sep 1990 to | Dec 1990 5 6.62 1.324000 | 7
Jan 1991

Apr1991to | Mar 1997 76 178.51 | 2.348816 | 84
Jul 1997

Apr 1998 Apr 1998 1 1.03 1.030000 | 6
Oct 1998 to | May 2000, Oct 111 288.71 | 2.600991 | 126
Dec 2007 2001, Jun 2006

Apr2009to | Apr 2009 15 20.23 1.348667 | 25
Jun 2010

May 2011 to | Jun 2011 11 15.25 1.386364 | 31
Mar 2012

Dec 2013 Dec 2013 1 1.01 1.010000 | 3
Mar 2014 to | Jun 2014 20 30.12 1.506000 | 22
Oct 2015

Jan 2016 to Oct 2016 10 16.52 1.652000 | 24
Oct 2016

Jan 2018 Jan 2018 1 1.59 1.590000 | 9
Oct2018to | Nov 2018 2 3.08 1.540000 | 27
Nov 2018

Mar 2021 to | Nov 2021 8 8.51 2.836667 | 36
Dec 2021

Analysis of hydrological drought severity showed that Maikona has been experiencing
both drought and flood episodes and the year 2020 had the most severe flood episode
denoted by a large positive index of around +220 while the year 2000 had the most
severe drought denoted by a large negative index of around -190 (Table 5). The
drought episodes were more intense as compared to floods and had almost similar
magnitudes in the pastoral region as depicted by the results in table 5. This is an
indication of climate variability and change in the study area. Both droughts and floods
have great implications for the livelihoods of these pastoralists. Prolonged droughts in
the region can have a devastating impact on the livelihoods of pastoral communities in
Kenya, leading to drying of groundwater sources, poor pasture, food and water
shortages, and loss of animals while the flood episodes can sweep away farms and
animals. In conclusion, the region has been exposed to both frequent drought and
floods and with prolonged drought, which may adversely affect its livelihoods that are
dependent on rains. Over the previous decade, the intensity of drought in Marsabit
County has decreased significantly. However, it is unclear what is leading to this shift
in events, given that recent research (Dai, 2013; Ongoma et al., 2018) has reported an
increase in the frequency and severity of drought events over the greater East African
region. Drought is a climatic and meteorological event caused mostly by fluctuations in
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hydrometeorological variables such as precipitation, temperature, and soil moisture
(Ayugi et al., 2020). The intensity of a drought episode is determined by precipitation
anomalies, with persistent deficits resulting in worsened scenarios (Ayugi et al., 2020;
Spinoni et al, 2020). As a result, it is necessary to investigate changes in these
hydrometeorological causes of drought to adequately prepare for proactive
contingency measures aimed at drought mitigation and long-term resilience.

Zhao and Dai (2017) attributed the wetness pattern over East Africa to significant ITCZ
feedback from the Indian Ocean. Despite projected future warming, the strong shift
indicating an increase in rainfall events is consistent with research by Kent et al.
(2015), which found no causal relationship between global average temperature
unpredictability and projected shift in precipitation at the end of the twenty-first
century. The study, on the other hand, noted that local precipitation variability across
the study region is mostly due to convection and convergence spatial changes, which
are linked to systems such as trends in sea surface temperature (SST) and changes in
land-sea thermal interaction. The inference of several research to clarify the changes
in rainfall projections demonstrates the complexity of regional rainfall variations,
which leads to significant uncertainty regarding the impact.

Table 5: Drought severity index for the agro-pastoral region of Kargi and Maikona

Wards Years of drought Magnitude | Years of flood Magnitude
episodes episodes

Kargi 1983 -70 1981 +80
1984 -60 1982 +100
1986 -40 1985 +30
1987 -60 1988 +60
1991 -80 1990 +100
1992 -30 1997 +200
1993 -70 1998 +60
1994 -60 2000 +200
1995 -40 2002 +70
1996 -40 2003 +20
1998 -30 2004 +40
1999 -80 2006 +50
2003 -20 2011 +60
2005 -120 2012 +60
2007 -70 2013 +70
2008 -50 2014 +70
2009 -110 2015 +40
2010 -50 2018 +140
2016 -70 2019 +30
2017 -60 2020 +200

Maikona | 1981 -50 1982 +90
1983 -50 1985 +60
1984 -60 1988 +40
1986 -40 1989 +10
1987 -30 1990 +70
1991 -70 1997 +190
1992 -30 2002 +80
1993 -50 2003 +20
1994 -30 2004 +30
1995 -10 2006 +70
1996 -110 2011 +80
1998 -40 2012 +40
1999 -70 2013 +100
2005 -30 2015 +50
2007 -50 2018 +120
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Wards Years of drought Magnitude | Years of flood Magnitude
episodes episodes
2008 -60 2019 +60
2009 -100 2020 +220
2010 -40
2014 -70
2016 -20
2017 -30
2021 -50

3.4 Drought Severity for the Dakabaricha Region

Table 6 presents the temporal distribution of the droughts in Dakabaricha over the last
four decades. The most severe dry season in Dakabaricha occurred between October
1998 and October 2004, lasting 73 months, followed by the May 1991 to September
1995 dry spell, which lasted 53 months (Table 6). However, itis unclear what is leading
to this shift in events, given that recent research (Ongoma et al., 2018) has reported an
increase in the frequency and severity of drought events over the greater East African
region. From the analysis, it is observed that eleven (11) mild and six (6) moderate
drought years were observed, with the most intense observed in 1981 and 2000,
respectively. Dakabaricha experienced mild droughts in 1982, 1986, 1988, 1990, 2005,
2006, 2007, 2011, 2014, 2016, and 2021, whereas moderate droughts were
experienced in 1981, 1984, 1992,1994, 1997, and 2000 (Table 6). Over the previous
decade, the intensity of drought in Marsabit County has decreased. However, it is
unclear what is leading to this shift in events, given that recent research (Dai, 2013;
Ongoma etal., 2018) has reported an increase in the frequency and severity of drought
events over the greater East African region. Because of its geographical proximity to
Marsabit Mountain, the Dakabaricha region is less affected by drought due to high
annual rainfall amounts and low temperatures than the pastoral region of Kargi, which
receives suppressed rainfall amounts and high temperatures. Droughts and floods
have a significant impact on these agro-pastoralists' livelihoods. These protracted and
frequent droughts can result in increased vulnerability, crop failure, malnutrition,
reduced harvests, and the loss of livelihood. The larger magnitude of floods may be of
great advantage if rainwater harvesting is taken into consideration. In conclusion, the
region has been exposed to both frequent drought and floods and with prolonged
drought, which may adversely affect its livelihoods that are dependent on rains. The
communities can take advantage of the severe floods through rainwater harvesting to
minimize drought severity and hence gain resilience to floods and droughts. Extreme
rainfall, in turn, can enhance the risk of flooding (Blenkinsop et al, 2021) while
temperature extremes indicate years of excessive evaporation from water bodies and
soils. According to the IPCC'’s Fifth Assessment Report (IPCC, 2014), the global average
temperature increased by 0.85° C (0.65-1.06° C) between 1880 and 2012.

Table 6: Drought severity index for Dakabarichs 1981 - 2021

Period of Peak Duration | Severity | Intensity | Interarrival
occurrence

Jan-1980 to Mar | Feb 1981 27 66.87 2.674800 | 32
1982

Nov 1982 Nov 1982 1 1.05 1.050000 | 4
Mar 1983 to Oct | May 1984 20 50.65 2.532500 | 33
1984

Dec 1985 to Apr | Mar 1986 17 26.45 1.555882 | 22
1987

Oct 1987 to Mar | Mar 1988 6 9.75 1.625000 | 36
1988

Oct 1990 to Nov | Nov 1990 2 2.45 1.225000 | 7
1990
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Period of Peak Duration | Severity | Intensity | Interarrival
occurrence

May 1991 to Sep | Jun 1992, May | 53 109.55 | 2.066981 | 55
1995 1994

Dec 1995 to Mar 1997 16 34.79 2.174375 | 34
Mar1997

Oct 1998 to Oct | May 2000, 73 190.26 | 2.606301 | 74
2004

Dec 2004 to Feb | Jan 2005 3 3.17 1.056667 | 4
2005

April 2005 to Jun 2005 6 6.61 1.101667 | 7
Sep 2005

Nov 2005 to Aug | Jun 2006 22 33.94 1.542727 | 23
2007

Oct 2007 to Dec | Dec 2007 3 3.81 1.270000 | 44
2007

Jun 2011 to Jul Jun 2011 2 2.09 1.045000 | 6
2011

Dec 2011 Dec 2011 1 1.04 1.040000 | 28
Apr 2014 to Apr | Jun 2014 13 17.63 1.356154 | 22
2015

Feb 2016 to Oct | Mar 2016 9 12.40 1.377778 | 59
2016

Jan 2021 to Nov | Nov 2021 11 16.16 1.469091 | 12
2021

3.5 Drought Severity for the Sololo Region

Table 7 depict the analysis of the drought severity index for the Sololo region. In
contrast with Dakabaricha Comparable findings were obtained for the predominance
of mild drought episodes over moderate drought episodes in the area. There were
eleven (11) mild, six (6) moderate, and one (1) severe drought recorded, with the year
2000 seeing the most severe drought. 1982, 1986, 1987, 1988,1990, 2006, 2009, 2010,
2011, 2014, and 2016 saw mild droughts in Sololo; 1981, 1984, 1992, 1994, 1997, and
2021 saw moderate droughts; and 2000 saw severe droughts (Table 7).
Understanding drought severity and frequency is critical for developing initiatives that
improve the resilience of pastoral livelihoods and food security in the Sololo region,
hence reducing the socioeconomic costs of droughts. The data can help shape regional
and national policy, encouraging efforts to reduce drought risks and improve water
resource management in drought-prone areas.

Figure 7: Drought severity index for Sololo 1981 - 2021

Period of Peak Duration | Severity | Intensity | Interarrival
occurrence

Jan 1980 to Feb | Feb 1981 12 24.86 2.071667 | 22
1981

Jan 1982 to Mar | Mar 1982 3 3.60 1.200000 | 23
1982

Dec 1983 toJan | Oct 1984 14 36.97 2.640714 | 25
1985

Jan 1986 to Mar | Mar 1986 3 3.51 1.170000 | 15
1986

Apr 1987 Apr 1987 1 1.30 1.300000 | 8
Dec 1987 to Mar | Mar 1988 4 5.24 1.310000 | 34
1988

Oct 1990 to Dec | Nov 1990 3 3.43 1.143333 | 6
1990
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Period of Peak Duration | Severity | Intensity | Interarrival
occurrence

Apr 1991 to Jul Aug 1992 28 61.75 2.205357 | 30
1993

Oct 1993 to Aug | Sep 1994, Mar | 47 110.64 | 2.354043 | 61
1997 1997

Nov 1998 to Jun | Jul 2000 80 248.63 | 3.107875 | 84
2005

Nov 2005 to Sep | Aug 2006 35 58.31 1.666000 | 45
2008

Aug 2009 to Sep | Sep 2009 2 2.07 1.035000 | 4
2009

Dec 2009 to Feb | Jan 2010 3 3.17 1.056667 | 4
2010

Apr 2010 to Feb | Jan 2011 11 12.08 1.098182 | 12
2011

Apr 2011 to Oct | Sep 2011 6 6.66 1.110000 | 36
2011

Apr 2014 to Oct | Aug 2014 19 31.76 1.671579 | 20
2015

Dec 2015 to Oct | Oct 2016 11 14.43 1.311818 | 61
2016

Jan 2021 to Dec | Jan 2021 12 33.73 2.810833 | 61
2021

The most severe flood episode in 2000 had a big positive index of roughly +370, whilst
the most severe drought in 1997 had a large negative index of around -530 (Table 8).
Based on the data, Sololo's drought and flood patterns appear to be distinct. Droughts
and floods have a significant impact on these agro-pastoralists’ livelihoods. Prolonged
droughts in these agro-pastoral areas can result in economic instability, crop failure,
reduced harvests, and animal loss, whereas floods can completely destroy farms, small
stocks and destroy the grazing land. In addition, the loss of livestock and crops affects
the social fabric of the agro-pastoral communities, impacting their cultural practices
and social status leading to societal moral disruption. These challenges underscore the
critical need for long-term solutions and support to assist agro-pastoralist
communities in adapting to climate change and mitigating the effects of droughts and
floods in the study area. In conclusion, the region has been exposed to both frequent
drought and floods and with prolonged drought, which may adversely affect its
livelihoods that are dependent on rains. The communities can take advantage of the
severe floods through rainwater harvesting to minimize drought severity and hence
gain resilience to floods and droughts. Climate variability has an impact on pastoral
livelihoods by reducing access to rangelands, making it more difficult to move and
conduct traditional management methods, reducing herd size and health, and
increasing market access. Pastoralism is a naturally resilient livelihood system in the
face of growing climate variability, yet pastoralists are nonetheless regarded as the
most vulnerable to its consequences. Addressing the underlying social and economic
concerns is necessary.

Table 8: Drought severity index for the agro-pastoral region of Dakabaricha and Sololo

Wards Years of Magnitude Years of flood | Magnitude
drought episodes
episodes

Dakabaricha 1983 -220 1981 +280
1984 -20 1982 +250
1986 -60 1985 +50
1987 -70 1988 +200
1991 -240 1990 +180
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Wards Years of Magnitude Years of flood | Magnitude
drought episodes
episodes
1992 -100 1997 +580
1993 -100 1998 +20
1995 -60 2002 +30
1996 -60 2004 +30
1999 -200 2006 +180
2000 -410 2011 +130
2001 -30 2013 +140
2003 -30 2018 +200
2005 -60 2019 +170
2007 -130 2020 +300
2008 -130 2021 +60
2009 -280
2010 -210
2014 -90
2016 -130
2017 -90

Sololo 1981 -320 1983 +260
1982 -180 1984 +200
1985 -40 1986 +120
1988 -70 1987 +80
1989 -80 1991 +200
1990 -90 1992 +180
1994 -80 1996 +230
1997 -560 1999 +360
1998 -100 2000 +370
2002 -200 2001 +180
2003 -200 2005 +200
2004 -60 2007 +170
2006 -300 2008 +120
2011 -140 2009 +200
2013 -280 2010 +80
2018 -300 2014 +120
2019 -100 2015 +20
2020 -130 2016 +80
2021 -150 2017 +70

3.6 Multinomial Logic Results in the Choice of Livelihoods in the Study Regions

The results of the Multinomial logistic regression of the factors influencing
respondents’ livelihood choices to climate variability among the pastoral and agro-
pastoral communities in the study region are presented in table 9. The Chi-square
result was highly significant (p<0.0000), indicating that the model had a high level of
explanatory power. The pseudo-R2 was 35.48 percent, which showed that the fitted
covariates could be linked to how households made their way of life. The model
performed well in terms of consistency with a priori expectations on the relationship
between the dependent and explanatory variables. It should be noted that the study
did not include casual labour, shop-keeping, or both skilled and unskilled wage labour.
This has been captured under the heading ‘other options’ category of livelihood. The
model results show that the coefficient of marital status was negatively and
significantly (p<0.05) related to the likelihood of the household choosing other
livelihood options as their primary source of income compared to livestock keeping.
This means that married respondents are less likely to choose alternative sources of
income besides livestock keeping. Analyzing how marital status affects a household’s
livelihood choices, Oluwatayo & Ojo (2016) found that marital status positively
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correlates with the likelihood of adopting an adaptation strategy, a finding closely
relating to the present study, where married household had preferred choice over the
production systems and activities to engage in. Because most respondents in this study
were married, it was envisaged that they could engage in other economic activities to
support their families. A study by Aelst & Holvoet (2016) found that the intersection
of marital status had an impact on a farmer’s positioning in terms of choice of
livelihood. We think that contrary to our finding of farmers not choosing other
livelihoods than livestock when married, this could be a factor of cultural preference
for livestock keeping. Still, the expected marriage to provide family members with the
opportunity to have divergent views and consultative aspects on choosing other
livelihood choices is not so clear to us. The results demonstrate that household size is
negatively and significantly (p<0.05) connected to the likelihood of the household
choosing other livelihood options as their primary source of income instead of
livestock keeping. As a result, families with many members are more likely to keep
livestock, which is their principal source of livelihood. This could be related to higher
household sizes, which provide the necessary labour for livestock rearing.

Education was associated with a higher likelihood of a household choosing salaried
employment and crop farming over livestock keeping (p< 0.05). This suggests that
educated household heads are more likely to choose formal employment and crop
farming over livestock keeping. In response to climate variability, decisions about
livelihood options among pastoral and agro-pastoral households are critical strategies
for reducing poverty and food insecurity in the study region. People choose their
livelihood based on the level of their household assets or the availability of
infrastructure in their community (Gebru and Beyene, 2012). The household’s head
education level influenced adaptation through improved livestock productivity and
better agro-ecological farming practices. Education enables formal employment and
thus capital, as well as getting to appreciate knowledge in farming fast, resulting in a
shift in livelihood options from the ability to know about technologies and existing
strategies that work for adoption. Similarly, climate variability has resulted in the
depletion of natural forage resources on which animals rely for survival, making
livestock farming in pastoral and agro-pastoral regions labour-intensive.

Household adoption of a new crop variety (drought tolerant) was positively and
significantly (p<0.05) related to the likelihood of a household choosing crop farming
as its primary source of income over livestock keeping. This could be a result of
inadequate rainfall/water, which makes the households adopt drought-tolerant and
early maturing crops to sustain themselves during the heights. Changes in crop types
in arid and semi-arid regions during prolonged dry periods may result in increased
yields as long as water harvesting technologies and the right crop season timing are
used, prompting households to choose crop production over livestock keeping.

Changes in planting methods (closed ridges) were also related to the possibility of a
household preferring business over livestock keeping (p< 0.05). Planting crops on
closed banks conserves water, reducing the likelihood of crop failure during
inadequate rainfall. This means that, compared to households that do not change their
crop planting methods, families that adopt new crop planting methods engage in
business rather than livestock keeping. Mixed cropping and rotational cropping within
the seasons are two of the observed strategies adopted by the respondents. This is a
result of variations in the seasonal rainfall that lead to the failure of some crops.

Compared to livestock keeping, the integrated pest management coefficient was
positively and significantly (p<0.05) related to the likelihood of a household choosing
crop farming as their primary source of income. Furthermore, crop pest management
improves crop yield, making crop farming an option for livelihood diversification in
addition to livestock keeping, which is the main livelihood. Adoption of adapted
livestock species such as camels was negatively and significantly (p<0.05) related to a
household's preference for crop farming over livestock keeping. This is due to the fact
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that adapted livestock practices attract higher paybacks from livestock keeping,
making it a preferred livelihood option over crop farming.

The likelihood of a household choosing business and crop farming over livestock
keeping was negatively and significantly (p<0.05) related to forest product collection.
This is due to the fact that the advantages of forest products (firewood, wild fruits) may
outweigh the benefits of running a business and crop farming. It could also be because
collecting forest products does not require an initial investment and saves time. As a
result, household members will have more time to devote to livestock keeping, which
is less time-consuming. The possibility of collecting forest products while keeping
livestock is more significant than operating a business or crop farming. The likelihood
of a household choosing business and crop farming over livestock keeping was
positively and significantly (p<0.05) related to biodiversity conservation, as
represented by the positive MLM values of 1.534 and 1.111, respectively. This could be
because business and crop farming do not lead to land degradation compared to
livestock keeping, which can disrupt ecosystem conservation through overgrazing.
Pastoral and agro-pastoral communities keep a large number of livestock to cushion
themselves against the impacts of climate variability. This large number of animals
destroys the environment, which is already affected by climate change. However, it is
negatively related to the use of various crop varieties and irrigation, though not
statistically significant.

Starting or expanding petty trade and intensifying water harvesting and storage
measures were negatively and significantly (p<0.05) related to the likelihood that the
household chooses other livelihood options over livestock keeping. This could be
because the two require capital, which can be obtained through the sale of livestock
and livestock products, as opposed to other livelihood options. Organizing pastoralists
in groups will create jobs for many people and positively impact the development of
local economies. The study looked at the influence of household size on livelihood
choices, and in corroboration with empirical literature, larger family sizes enabled
farmers to implement labour-intensive adaptation measures (Nhemachena and
Hassan, 2008; Aymone, 2009). As a result, it is envisaged that larger households are
likely to shift to farming, significantly influencing the smallholder’s adaptation to
climate variability in the study area. This implies that families with a high proportion
of farming members are more likely to be better adapted to climate variability. The
observed choice of farming in the study areas could be a result of the increasing human
population, leading to the shrinking of previous extensive farmlands, and thus, as a
coping strategy, more pastoralists are becoming agro-pastoralists. This could also be
exacerbated by the earlier discussed access to education and knowledge, as well as the
availability of technologies for farming. A larger household workforce facilitates
adaptation (Bryan et al., 2009) and increases agricultural production since it enhances
labour-intensive farming practices, a finding that was also reported by other studies
(Khan et al., 2022; Belay et al., 2022; Aryal et al,, 2022). The number of household
members involved in farming significantly influenced the household’s adaptation level
to climate variability. This implies that families with a high proportion of farming
members are more likely to have a high level of adaptation to climate variability. This
was explained in terms of labour availability, where households with more members
involved in farming activities have higher labour endowment capacity (Mugi-Ngenga
etal,, 2016; Deininger et al.,, 2022). Those households have more labour at the needed
peak seasons when external labour is expensive and difficult to obtain, which is thus
advantageous to their household labour. Therefore, households with a larger pool of
labour are more likely to adopt agricultural technology and use it more intensively
(Mignouna et al,, 2011; Chen et al., 2022). Higher numbers of households are more
likely to adapt to perceived climate variability and having a larger household
workforce facilitates adaptation (Bryan et al, 2009) and increases agricultural
production because it is linked with labour-intensive farming practices. As a result,
household size is associated with the observed adaptation measures, a finding that
corroborates the work of Belay et al. (2017), where household size was noted to be an
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essential factor in farming and the adoption of technologies. To account for the role of
household labour in the adoption decision, members of larger households were more
likely to adopt than members of smaller households (Gomez, 2014). Nonetheless, the
increasing number of households increases the likelihood of adaptation, but at the cost
of increased need for sustenance, which may result in over-exploitation of resources, a
threat to the sustainability of farming. However, other studies contradicted our
findings that it is possible to conclude that the greater the number of households, the
fewer the adaptation strategies to climate variability (Vijayasarathy and Ashok, 2015),
which could be because of resource competition, and thus, depending on locations and
resources available, mainly land, adaptation and diversification of livelihoods in
farming could be curtailed. The empirical findings suggest that increasing smallholder
farmers’ access to off-farm sources of income increases their likelihood of investing in
farming activities (Aymone, 2009). The assumption was that households with credit
services had more financial capital to take advantage of technological progress and
withstand the effects of climate variability and were thus less likely to perceive climate
variability (Habtemariam et al., 2016). Households with access to credit are more likely
to use climate-risk coping strategies (Rahut and Ali, 2017). It is also an essential
component of expanded institutional support for encouraging adaptation options to
mitigate the adverse effects of climate change (Temesgen et al., 2009). The study found
that agro-pastoral communities were more willing to adopt climate-smart farming
technologies. However, access to initial capital to access the infrastructure and inputs
still limited the rates of adoption. Other studies corroborate our findings, where
diversity in climate change adaptation strategies was reported to highly depend on
access to credit or off-farm incomes (Awiti et al, 2023; Chepkoech et al., 2023;
Hammond et al,, 2023)

Table 9: Multinomial logistic regression results on choices of livelihood by households

Variable Business |Crop Mixed Other Relief Remittances |Salaried
) farming (3) |farming (4) |livelihood |(6) ) employment
options (5) 8)
Gender of household 0.082 0.369 0.309 2.473 14.243 2.454 -0.367
head (Male)
(0.763) {(0.490) (1.805) (1.679) (1866.776) |(1.850) (1.299)
Marital status (Married) |-0.366 -0.421 -2.382 1177 0.278 -19.250 18.190
(0.884) |(0.584) (1.825) (1.946) (6992.978) |(2691.384) |(9087.537)
Household size (7 & -1.196 -0.115 0.631 -3.424 -2.156 -25.421 0.449
above)
(0.708) {(0.397) (1.169) (1.852) (3335.118) [(3110.440) [(1.059)
Education (Educated) [0.463 0.845* 0.441 -2.335 14.551 -21.996 2.585%
(0.658) |(0.418) (1.321) (1.807) (1752.119) |(4685.845) [(1.273)
Change in crop variety (0.770 1.687* 0.446 0.705 15.375 -12.053 -2.129
(resistant variety)

(0959) [(0.531)  [(1.256)  |(1.217) (7400.636) [(2125.166) |(1.515)

Change in planting 2.398* -1.101 -0.880 -15.992 3.151 9.947 -0.410
method (closed ridges)

(1.063) [(0.766)  |(1.762)  [(3725.759) |(7332.701)[(4027.843) |(1.644)

Crop rotation 2182 |0.574 -1.848 -19.872  |-8.758 -27.494 1551

(1223) |(0574)  |(1.989)  |(3622.501) |(6842.136)[(4070.040) |(1.390)
Integrated pest 1.488 2570 [3.008 13526 |10413  |3.254 0.178
management

(1.170) [(0.698)  [(1.810)  [(3926.325) |(8188.122)[(4129.438) |(1.530)

Involvement of adopted |-1.024 -1.046* -1.849 -21.141 13.069 -0.484 0.020
livestock species

(0.652) |(0.434)  |(1.272)  |(4112.576) |(1868.637)|(1.518) (1.094)
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Variable Business |Crop Mixed Other Relief Remittances |Salaried
) farming (3) |farming (4) |livelihood |(6) ) employment
options (5) 8)
Forest product -1.913*  |-2.515%* -20.269 -0.159 -17.194 14.387 -0.852
collection

(0.801) [(0.506)  |(9563.599) |(1.425) (1848.670) [(3390.874) |(1.347)

Conservation of 1.534* 1.111* 2.068 0.701 -13.686 14.141 0.135
biodiversity

(0721) [(0.432)  [(1333)  [(1.415) (1854.802) [(1752.622) [(1.286)

Start Small Scale 1.618 18.634 16.179 1.919 15.740 15.543 0.929
Irrigation

(1.200) |(1468.891) |(3742.163) [(1.588) (9610.502) [(5770.398) |(1.831)
Practice agro-Forestry [0.279 1.410 1.207 1.924 0.355 1.174 -0.343

(1.331) |(1.330) (4547.866) ((1.677) (14955.06) |(8855.695) [(1.978)
Engage in Non-Farm -2.112 -0.914 13.551 16.745 -2.303 14.204 -3.178
Income Activities (1.127) [(1.017)  [(4587.729) [(3759.278) [(19525.61)[(4758.334) [(2.200)
Start or Expand Petty 0.497 -0.490 13.252 -3.054* 13.367 0.153 2.270
Trade

(1.385) [(0.947)  [(3459.557) |(1.425) (8192.395) [(8032.708) [(2.615)
Join Local farmer 18.282 -0.154 14.252 19.765 -0.678 0.731 0.966
Groups

(4321386)((0.856)  |(4337.772) |(3491.888) |(25972.15)|(6248.821) |(2.166)

Intensify Water -1.214 -1.518 13.829 -4.961* 14.666 -2.088 -2.618

ﬁi;‘;isrt:;ga“dsmrage (1.455) [(1229)  |(5997.617) |(1.505)  |(29106.85)(8218.782) |(1.371)

Statistics: chi2 (77) = 220.45; prob > chi = 0.0000; Pseudo - R2 = 0.3548; Number of observations= 275; Note: (1)
Livestock keeping is the comparison category. The figures in parenthesis are standard errors. **p < 0.01; *p<0.05.

4. Conclusion and Recommendation

Sololo’s drought and flood patterns seemed to be unique as compared to the other
wards. The drought episodes seem to be larger in magnitude as compared to flood
episodes, though with the same frequency of occurrence, and again, the worst floods
were experienced in the year 2000 when the other three wards were experiencing the
worst droughts. Maikona, Kargi, and Dakabaricha experienced more drought episodes
as compared to floods, but of a lesser magnitude. Prolonged droughts were
experienced for as long as 4 years in Sololo, 6 years in Maikona and Kargi, and 5 years
in Dakabaricha. These Prolonged droughts can cause crop failure, depressed harvests,
and loss of animals, while the flood episodes can sweep away farms and animals. The
larger magnitude of floods may be of great advantage if rainwater harvesting is taken
into consideration.

In conclusion, the region has been exposed to both frequent drought and floods and
with prolonged drought, which may adversely affect its livelihoods that are dependent
on rains. The communities can take advantage of the severe floods through rainwater
harvesting to minimize drought severity and hence gain resilience to floods and
droughts.

Both the pastoral (Kargi, Maikona) and agro-pastoral (Dakabaraicha, Sololo) regions
of the study have all been experiencing climate extremes in the form of drought, floods,
warmer temperatures, and cooler temperatures. Dakabaricha exhibited higher
magnitudes and frequencies of drought and warmer temperatures as compared to
floods and cooler temperatures while Kargi, Maikona, and Sololo have been
experiencing higher frequencies of warmer temperatures and flood episodes while the
magnitudes of cooler temperatures and drought episodes have been relatively lower.
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It is imperative that Dakabaricha could be more vulnerable to agricultural and
meteorological drought than it was earlier. The county is experiencing both drought
and flood episodes coupled with the existence of warmer and cooler episodes is an
indication of climate variability that may affect agricultural and livestock production
hence rendering the county vulnerable to famine, human-to-human conflict, human-
wildlife conflicts, and loss of livelihoods, property and arable land. This study shows
that Marsabit County is affected by climate variability hence its ecosystems are fragile
and may be affecting the livelihoods of the communities who are mainly pastoralists.

This study was aimed at determining the choices that the pastoralists and agro-
pastoralist communities of Northern Kenya, Marsabit County, take to adapt to the
negative impacts of climate change. The study finds education level to be a significant
positive influence on the choice of livelihood, and thus, efforts to increase both
children's education and adult education could increase communities' choices on
climate-smart livelihood choices and, hence, more community resilience. Notably, the
study notes that the social, economic, and biophysical aspects are determinants that
influence households’ choice of livelihoods and are also factors that determine
households' vulnerability to climate-induced stresses.

This study recommends that policies with emphasis on promoting education,
supporting extension services, enhancing diversification of income sources and access
to credit, supporting herd mobility and diversity, creating employment, and increasing
access to markets and early warning information are likely to improve pastoral
household’s livelihoods. This study generally calls for more focus on climate-smart
agricultural practices to enable sustainable farming which is the most preferred amidst
climate extremes to maintain arable land of Marsabit County. Similarly, the study calls
for a review of suitable livestock breeds in the wake of climate variability to encourage
the communities to choose livestock production which was the least preferred due to
the associated impacts of drought and floods on the current breeds. The study highly
recommends the employment of good agricultural practices and research on drought-
tolerant crop varieties and livestock breeds suitable for the region under climate
variability to enable the communities to cope with drought, floods, and the shift in
weather patterns shown in the study.

This study recommends arrangements for feeding programs during floods and
droughts given that the communities purely rely on agro-pastoral activities. This study
recommends assistance to the pastoral and agro-pastoral communities with rainwater
harvesting structures to take advantage of the flood episodes and minimize loss during
drought episodes. This study generally calls for more focus on climate-smart
agricultural practices to enable sustainable farming which is the most preferred amidst
climate extremes to maintain arable land of Marsabit County. Similarly, the study calls
for a review of suitable livestock breeds in the wake of climate variability to encourage
the communities to choose livestock production which was the least preferred due to
the associated impacts of drought and floods on the current breeds. The study's
findings aim to improve understanding of drought and its features, as well as the
science of drought prediction in Marsabit County. This will supplement local and
national government's efforts to create long-term drought resilience initiatives and
contingency response plans.
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