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Abstract. Climate change has significantly affected economies, livelihoods, and biodiversity globally, with
rural communities in Kenya being more severely impacted than urban counterparts. This study investigates
the impact of changing rainfall patterns on rural livelihoods in Embu and Garissa counties, selected for
their contrasting climatic conditions; Embu as an agricultural hub with higher and more stable rainfall,
and Garissa as an arid region dependent on pastoralism. The study aimed to compare rainfall patterns and
establish their effects on livelihoods in these counties. Descriptive statistics revealed that Embu receives
significantly more rainfall (108.87 mm) than Garissa (28.32 mm), and paired samples analysis confirmed
this difference as statistically significant. Regression results showed no significant long-term rainfall trend
in either county, highlighting the unpredictability of rainfall. The analysis also found no significant
relationship between rainfall and agricultural land area in Embu; however, a moderate but statistically
significant relationship was identified between Garissa's average rainfall and grazeland area. These
findings suggest that while rainfall affects agricultural and pastoral land use, the variation in rainfall
across years plays a role in shaping livelihood strategies, underscoring the need for climate-resilient
approaches in rural communities. Key findings revealed the differential impact of rainfall patterns on the
livelihoods of these counties emphasizes the importance of region-specific adaptive strategies, particularly
in arid and semi-arid areas like Garissa, which face greater vulnerability to climatic shocks.
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INTRODUCTION

Climate change in the past and present times has adversely affected precipitation
patterns with the variance of rainfall rising significantly (Alexander 2016) in some regions.
Studies conducted have shown that changing rainfall frequency has had significant impacts on
socio-economic outcomes. Specifically, rainfall shocks are associated with an increase in
conflict and criminal activities (MIGUEL ET AL. ,2004); SEKHRI & STOREYGARD, 2014).

Garrisa County Report (2023), highlights that rainfall patterns in Grarissa County in
October to December 2022 occcured as expected. However, in early November short rainy
season brought persistent, heavy rains, resulting in flash floods which brought about
displacement of communities.

Food availability in Garissa County at household levels at the time was significantly
influenced by the production of crops and livestock. In the last three years Garisssa has
experienced a decline in the expansion of crop farming areas under rain-fed conditions due to
mainly inadequate rainfall and increased drought.

This has subsequently resulted to conditions that have severely negatively impacted
farmers' ability to maintain their livelihoods. Hence has reduced economic activity resulting to
reduced income levels for farmers and job loss for full time and casual farm workers.

Based on a study conducted by KALELE ET AL (2021) on ‘Climate change impacts and
relevance of smallholder farmers’ response in arid and semi-arid lands in Kenya,” findings
revealed that impacts of climate change on livelihoods consist of food shortage, increased food
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prices and decreased availability of water. The findings illustrate that indeed climate change
patterns affects arid and semi arid areas like Garisaa. However, all is not lost as new strategies
are been sought to curb the harmful impact of excess or inadequate rainfall patterns such as
introduction of climate smart agriculture has been introduced as a strategy to try and improve
productivity in line with changing rainfall patterns experienced in Kenya.

On the other hand, Embu County experienced timely onset of the short rains season as
expected in October 2022 though rains were unevenly distributed while increased rains were
received from mid November to December 2022. Increased rainfall resulted to water flooding in
farms around Mwea and Makima sub counties that led to crop failure and hence replanting was
done. Consequently, high food prices were witnessed in the months of September to January
2022 (Emu County Report, 2023).

It is evident that both Garisaa and Embu rainfall patterns have affected food security.
This implies that it does not matter the region whether arid, semi arid or agricultural the concern
is about the amount of rainfall that falls which could impact positively or negatively on
communities. It is against his background that this study sought to investigate the research
question; what are the rainfall patterns encountered in Garissa and Embu Counties? What are
the effects of rainfall patterns on rural livelihoods in Garissa and Embu Counties?

Theory of Precipitation or Rainfall

Rainfall is considered to be a natural process that takes place whereby atmospheric
vapour is converted into water. As a result the water then falls as rainfall. In hydrology, rainfall
is considered the third element of atmospheric division of the hydrologic cycle which is viewed
as the change of state.

This precipitation and rainfall are interchangeably used by scholars. Precipitation is
however a term used for types of moisture that falls for instance rainfall and snow. During
summer or sunny spells evaporation take place after which water lost in evaporation finds room
in an air mass and is added to the atmospheric vapour storage. Evaporation loss is excessive
during the hot season and hence the capacity of the air mass is also more. This large quantity of
vapour as a result makes the air mass moist. Ultimately, the change of state from atmospheric
vapour to water takes place when the capacity of the air mass to hold the vapour particles
increases (SELVAM, 2012).

There have been critiques on theories of rainfall and new findings about rainfall are
been sought such as the theories for past and future monsoon rainfall changes (HiLL, 2019).
Hence new paradigms continue to be brought forth by scholars. Change in rainfall patterns could
adversely affect agricultural activity and therefore it is crucial for agriculturalists to understand
rainfall patterns to guide when it comes to growing of crops in order to have high production
yields.

Sustainable Livelihood Framework

SLF is viewed to be a practical concept that has been used to explain the capacity of
human communities to increase its resources and abilities in the aspect of unexpected occurrence
of different events that would negatively impact livelihoods such as change in climate for
instance reduced rainfall or excess rainfall that would impact negatively on livelihoods as well
as a country’s economy.

SLA framework aims to identify the most needed resources in a community and how
the resources can be utilized to enhance and positively impact a community over a period of time
(Su, ET AL, 2018). Thus, this will enable a community to become independent as opposed to
creating a dependency syndrome.
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The Sustainable livelihoods framework is observed to have five elements which consist
of human assets for instance talents, expertise, labour capability, create and renovate, right
healthiness); Societal assets which comprised of networks and associations that are in human
society and utilized by individuals in meeting their livelihood; physical assets such as
infrastructure, machinery and equipment, that enhances livelihood; economic assets for example
economic resources that support people’s livelihood for instance money at hand, cash reserves,
access to reserves and loans with the privilege to hurriedly and effortlessly change a different
resources into money. Others include natural assets for example natural resources which profit
the public, such as biodiversity, among others (CORTES, 2008) all of which are determined on
rainfall patters.

MATERIAL AND METHODS

The study adopted secondary method of data collection. Raw rainfall data obtained
from the Kenya Metrological Department in Nairobi was converted into useful statistical data.
Data has been analyzed using t-test, analysis of variance and linear and multiple linear models.
The results are presented in the form of tables.

RESULTS AND DISCUSSIONS

Objective 1: Comparing the rainfall patterns in Garissa and Embu Counties
The descriptive statistics in Table 1 reveal marked differences in rainfall patterns between Embu
and Garissa counties, affirming the rationale behind the comparative case study design.

Table 1
Descriptive statistics comparing 30-year average annual rainfall in Embu and Garissa Counties

Statistic Embu Avg. Rainfall (mm) Garissa Avg. Rainfall (mm)
N (Valid) 30 years 30 years
Mean 108.87 mm 28.32 mm
Median 103.73 mm 24.50 mm
Standard Deviation (SD) 26.10 mm 15.85 mm
Range 116.61 mm 68.11 mm

Embu records a significantly higher mean annual rainfall (108.87 mm) compared to
Garissa (28.32 mm), consistent with Embu’s classification as a high rainfall, agriculturally
productive area and Garissa’s designation as arid/semi-arid, where livelihoods predominantly
rely on pastoralism.

The close alignment between the mean and median in Embu suggests a relatively
symmetrical rainfall distribution, whereas Garissa’s slightly higher mean compared to its median
indicates a right-skewed distribution, likely influenced by sporadic high-rainfall years such as
1997 and 2018.

While Embu exhibits a higher absolute standard deviation, Garissa demonstrates greater
proportional variability, with a coefficient of variation of 56% compared to Embu’s 24%. This
heightened wvariability underscores Garissa’s exposure to climatic shocks, reinforcing its
vulnerability and the need for resilient pastoral systems. The wide range in annual rainfall in
both counties further highlights the year-to-year unpredictability, though the relative impact is
more pronounced in Garissa. These patterns not only support the study’s theoretical framing but
also highlight the importance of adaptive livelihood strategies in arid regions. The paired samples
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analysis in Table 2 provides strong statistical evidence that rainfall patterns in Embu and Garissa
counties differ significantly.

Table 2
Paired Samples Analysis of Rainfall in Embu and Garissa (1994-2023)
Paired Samples N Correlation Sig. (2-tailed)
Correlation
Embu&Garissa Rainfall 30 0.681 0.000

Paired Samples Test
Mean Difference

80.54 mm
On average, Embu receives 80.54 mm more rainfall than Garissa annually—a
difference that is both statistically significant (t(29) = 22.99, p<.001) and practically meaningful.
The strong positive correlation between the two counties’ rainfall patterns (r = .681, p< .001)
suggests that while both regions are influenced by similar broader climatic trends, the magnitude
of rainfall differs substantially.

This reinforces the theoretical premise that rural livelihoods in these counties operate
under vastly different hydrological regimes—Embu's agricultural productivity is supported by
higher and more stable rainfall, whereas Garissa's pastoralist systems must adapt to more limited
and variable precipitation. These findings justify deeper investigation into how such differences
translate into land use, vulnerability, and livelihood outcomes. The regression results in Table 3
show that there is no statistically significant change in average annual rainfall over time in either
Embu or Garissa.

Table 3

Regression Analysis Summary for Annual Rainfall Trends (Embu and Garissa, 1990—-2019)

County R R? Adjusted R? | Std. Error | Coefficient (Year) | Sig. (p-value)
Embu 0.083 | 0.007 | -0.029 26.46 mm | 0.247 0.662
Garissa | 0.203 | 0.041 | 0.007 1579 mm | -0.365 0.283

In Embu, the relationship between year and rainfall is weak and positive (B = 0.247),
but with a high p-value of 0.662, indicating that the slight increase is not statistically meaningful.
Similarly, Garissa shows a weak negative relationship (B =-0.365, p = 0.283), suggesting a slight
decline in rainfall over time, though also not statistically significant.

These results imply that rainfall in both counties has not followed a clear upward or downward
trend over the past 30 years.

Furthermore, the R-squared values are very low for both counties (Embu: 0.007,
Garissa: 0.041), meaning that year-to-year variation in rainfall is largely unexplained by the
passage of time alone. This highlights the erratic nature of rainfall patterns, especially in arid
areas like Garissa, where unpredictability contributes to increased vulnerability to drought and
climate shocks. These findings reinforce the need for climate-resilient livelihood strategies rather
than relying on assumptions of long-term climatic improvement.

Objective 2: Establish the effects of rainfall patterns on rural livelihoods

The regression analysis results suggest that there is no significant relationship between
average rainfall in Embu and livelihoods (measured by agricultural land area (p = 0.517)).
Although the coefficient for rainfall (B = 0.175) is positive, its effect on agricultural land area is
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weak and not statistically significant, as indicated by the low R-square value (0.015). This
implies that factors other than rainfall may have a stronger influence on the distribution of
agricultural land in Embu.

The regression analysis shows a moderate relationship between Garissa's average
rainfall and grazeland area, with a significant model fit (F = 4.524, p = 0.05).

Table 4
Regression Analysis of GarissaGrazeland Area and Average Rainfall
Model R R Square Adjusted R Std. Error of the F Sig. F
Summary Square Estimate Change Change
0.288 0.083 0.050 174.93 4.524 0.05
Coefficients Unstandardized Std. Error Standardized t Sig.
Coefficients Coefficients
Constant 9483.160 66.285 143.067 | 0.000
Garissa Average 5.257 2.050 0.388 2.589 0.05
Rainfall (mm)

The predictor variable, Garissa average rainfall, has a positive impact on grazing land
area, though the strength of this relationship is relatively weak (R? = 0.083). Despite this, the
model still achieves statistical significance, suggesting that while other factors likely contribute
to grazeland area variation, rainfall plays a role.

CONCLUSIONS

Rainfall patterns affect agricultural and pastoral land use in many ways. Hence
livelihoods are affected. Strategies such as planting drought resistant crops, water harvesting for
irrigation and livestock, harvesting of grass and storage could be adopted to reduce the chances
of the negative impact of harsh unpredictable rainfall patterns. Farmers and pastoralist
communities’ need to be educated on how such strategies can be implemented through extension
officers working for the government or Non Governmental Organisations. Adoption of
favourable strategies will impact positively on livelihoods, economic growth and ultimately
impact development to some extent. The key limitation of this study is that the data provided by
the Kenya Metrological department in Nairobi for rainfall is for the year 2022. Data for 2023
and 2024 has not been compiled for use for research purposes.Appreciation is accorded to the
Kenya Metrological Department in Nairobi Kenya for providing essential data for analysis for
this study.
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