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Abstract

Increasing frequency, severity and duration of droughts in Arid and
Semi-Arid Lands in Kenya in the past three decades is a major challenge to
survival of agrarian livelihoods and food security in Makueni County. In-
creasing frequency and severity of droughts in the region are influenced by a
number of factors. The Indian Ocean Dipole is the principal factor driving
droughts in the lower Eastern region. The influence of the Indian Ocean Sea
Surface Temperatures on occurrence of droughts in Makueni is exacerbated
by a long coastal contact zone between East African coast and the Indian
Ocean coastline. 80% of the Kenya landmass is under Arid and Semi-Arid
zones. The study determined the influence of Indian Ocean Dipole on occur-
rence and nature of droughts in Makueni County, Kenya. The study adopted
explanatory sequential mixed methods research design. Indian Ocean Sea
Surface Temperature data and rainfall data were collected from the National
Oceanic Atmospheric Administration website and Kenya Meteorological
Department respectively. Linear regression model was used in data analysis.
The study found that Indian Ocean Dipole has a significant influence on the
occurrence of droughts in Makueni County. The study established that a re-
duction in the value of Indian Ocean Sea Surface Temperatures in Western
Indian Ocean (10°S - 10°N, 50° - 70°E) and Eastern (tropical) Indian Ocean
(10°S - 0°,90° - 110°E) leads to a similar reduction in the amount of rainfall
hence drought episodes in Makueni County. On the other hand, an increase
in the value of Indian Ocean Sea Surface Temperatures leads to a similar in-
crease in amount of rainfall in Makueni County. Variation in Indian Ocean
Sea Surface Temperature resulted in erratic, unpredictable and fluctuating
rainfall patterns accompanied by 5 mild and 20 near-normal drought epi-
sodes with multi-year droughts between 2003 and 2009. Increasing trend of
seasonal droughts was also established due to declining March-April-May
seasonal rainfall. An upward trend in October-November-December seasonal
rainfall was also established. This study recommends studies on the influence
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of anthropogenic forcing on drought occurrence in Arid and Semi-Arid
Lands and other agroecological zones in Kenya.
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1. Introduction

Increased frequency, severity and duration of droughts have been recorded in
different regions of the world [1]-[5]. Uncertain global drought trends accom-
panied by regional drought fluctuations led to 52 mega-droughts from 1951 to
2016 [6]. The droughts resulted in increased hectarage of arid lands and deserts.
Droughts are a major concern globally where drought hotspots have been identi-
fied in Mid-West United States, a large part of the Eurasian belt which extends
from Eastern Europe to Eastern Asia and equatorial Africa [7]. Increase in fre-
quency, magnitude and duration of droughts is posing significant challenges to
food production in Arid and Semi-Arid Lands (ASALs) globally.

Africa experienced increasing drought recurrence in the last century: 1910s,
1940s, 1960s, 1970s, 1980s, 1990s, 2000s and 2010s [8] [9]. Southern Africa rec-
orded an increase in drought trend, frequency, and severity [10].

A number of severe droughts have been recorded in East Africa since the
1970s whereas Kenya recorded droughts in 1999/2000, 2005/2006, 2008/2009
2010, 2011, 2012 and 2016/2017 [11]-[14] reported that Kenya experienced a
reduced drought return period from five to three years. Further, Assessment
Capacities Project [15]-[20] established that droughts occurred in all the decades
since 1900 with severe droughts being experienced in Kenya in the 1930s, 1940s,
1950s 1980s, 1990s and 2000s. The studies also indicated that the periodic
droughts ranged from mild to severe; mostly affecting lowlands in
North-eastern, Coast, Nyanza, and parts of North Rift Valley.

These droughts are linked to variations in Sea Surface Temperatures (SSTs) in
the Indian Ocean [21]-[24] established that the Equatorial Western Indian
Ocean (EWIO) heated up more rapidly than the rest of the tropical oceans in the
20™ Century, hence a major factor in the rise of global SSTs mean. In addition,
[25] reported rapid warming from the 1960s thereby increasing SSTs up to 1.2°C
in the EWIO leading to several extreme phenomena including droughts and
floods.

The location of Kenya along the equator and a long coastline of the Indian
Ocean, vast low-altitude areas and widespread ASALs covering 80% of the sur-

face area; make the country significantly vulnerable to frequent droughts. Even
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though IOD was associated with droughts along the East African coast [26],
there is limited information on the magnitude of association of IOD with fre-
quent drought events in Makueni County. This study sought to establish the in-
fluence of IOD on the occurrence of drought which poses a significant challenge
to agrarian livelihoods and food security in Makueni County. IOD is the prin-
cipal driver of droughts around the Indian Ocean and the East African region
[27].

[28] linked the Indian Ocean SSTs to droughts of 2000, 2009, and 2011 in East
Africa. Meanwhile, the warming SST's in the Indian Ocean decrease precipitation
in East Africa [29]. The study also pointed out the spatial diversity and complex-
ity in nature and characteristics of IOD as a result of varied internal processes in
the Indian Ocean thereby making IOD modelling a major challenge.

The spatiotemporal rainfall distribution and patterns in Kenya are influenced
by Indian Ocean SSTs where IOD is linked to droughts [29]. The study also at-
tributed the SST's variability along the coast of Kenya to the abundance of ocean
water and topography. Moreover, [30] established that the Indian Ocean SST's
were associated with MAM and OND seasonal rainfall covariance in Kenya.
Notably, variation in SSTs influences sea surface winds (circulations) and the
thermocline temperatures which influence atmospheric temperatures of sur-
rounding areas.

Variation in Indian Ocean SSTs influence wind patterns in East Africa where
[31] [32] established that strong South-easterly winds originating from the
South-western parts of the Indian Ocean or Western Indian Ocean (WIO) are
significantly influenced by seasonal monsoon winds over the Indian Ocean. The
winds are oceanic in nature and blow over the area resulting in the accumulation
of water vapour in the atmosphere hence forming cumulous clouds. [32] also
revealed that the winds had a continental trajectory and were arid in nature
during the dry periods and years. On the other hand, a maritime trajectory was
exhibited by winds during wet seasons and years. These maritime winds were
characterized by high moisture content over land. Further, the study noted that
Southeastern Kenya predominantly experiences cumulous clouds over the wet
season in OND. The cumulous clouds are caused by strong South-easterly
winds. The study also found that cumulonimbus clouds were common in the re-
gion during a typically wet season in OND. Variation in types of clouds and
humidity levels are influenced by variation in SST's in the Indian Ocean.

Even though the Government of Kenya (GoK) established the National Drought
Management Authority (NDMA) [33], the National Climate Change Response
Strategy (NCCRS), 2010 [34] and the Climate Change Act, 2016 [35], the influence
of IOD on occurrence of the frequent droughts in the region was still inadequately
addressed. Therefore, establishing the influence of IOD on occurrence of drought in
Makueni County enables the achievement of the objectives of GoK on improving
drought resilience and adaptive capacity to improve agrarian livelihoods, hence

improvement in food security in the country. In addition, information and data
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from this study can be used in drought adaptation policy formulation, data-driven
decision-making, drought adaptive capacity building, and effective adaptation to

drought to improve cereal yields hence food security in Kenya.

2. Materials and Methods
Study Area

This study was conducted in Makueni County, located 200 kilometres Southeast
of Nairobi city, Kenya. The County is located between latitudes 1°35' and 3°00'S
and between longitudes 37°10" and 38°30'E (Figure 1). The County is bordered
by Machakos County to the North, Kitui County to the Northeast and East, Ka-
jiado County to the West and Southwest, and Taita Taveta County to the South.
Makueni County has a surface area of 8177 km® [36]. The County has six
Sub-Counties namely: Mbooni, Kilome, Kaiti, Makueni, Kibwezi West, and
Kibwezi East (County Government of Makueni [37]. The sample study sites
were Kibwezi West sub-county, Kibwezi East sub-county, Makueni sub-county

and Kilome sub-county. The various regions of Makueni County experience
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Figure 1. Map of the study area showing the study sites.
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similar agroecological conditions [38]. The county experiences high tempera-
tures with a mean of between 23°Celsius (C) to 27°C [39]. Further, the lowlands
experience higher temperatures of up to 35.8°C [40]. High temperatures in the
lowlands of Makueni County result in hot climatic conditions and increased
evaporation thereby increasing aridity while increasing water vapour in the at-
mosphere [41]. Indian Ocean SST data were obtained from the National Oceanic
Atmospheric Administration (NOAA) Website for Western Indian Ocean (10°S
- 10°N, 50° - 70°E), Block A and Eastern (tropical) Indian Ocean (10°S - 0°, 90" -
110°E), Block B. Annual rainfall data were collected from four Kenya Meteoro-
logical Department stations, including: Salama Meteorological Station in Kilome
sub-County, Makindu Meteorological station in Kibwezi West sub-County,
Makueni sub-County and Dwa Sisal Estate Meteorological Station in Kibwezi
East sub-County. Regression analysis was done using the mean annual SST's data
from Blocks A and B in the Indian Ocean and mean annual rainfall data from
Makueni County for the period 1990 to 2020.

3. Results and Discussion

3.1. Influence of Indian Ocean Dipole on Drought Occurrence in
Makueni County

This study established that IOD SSTs have a significant influence on the occur-
rence of droughts in Makueni County. The results indicate that a reduction in
the value of SST's in Blocks A and B in the Indian Ocean leads to a similar reduc-
tion in the amount of rainfall received in Makueni County. On the other hand,
an increase in the value of SST's leads to a similar increase in amount of rainfall
in Makueni County. Therefore, increasing SST's in the Indian Ocean results in
increased rainfall amounts and events while a reduction in the SSTs results in
deficit or low amount of rainfall which may be accompanied by drought events
in Makueni County. This study found that low SSTs resulted in droughts in
1996, 2000 and 2004 (Figure 2). On the other hand, high SSTs in the Indian
Ocean resulted in higher-than-normal amounts of rainfalls in 1998 which was
marked as an El Nino event. Further, higher than normal SSTs in the Indian
Ocean resulted in higher rainfall amounts in 2010, 2015 and 2016.

The results of this study concur with those of studies conducted in East Africa
and the Western Indian Ocean by [43] [44] which established that IOD is the
principal driver of precipitation hence droughts and climate variability over the
Indian Ocean and the East African region. [45] established IOD-related weak
warming in the Western Indian Ocean during positive IOD events. There was a
gradual development of IOD is caused by stochastic forcing such as weather
noise, internal feedback processes and external drivers thereby resulting in
warming conditions in the East African region [46]. Further, the results of this
study agree with those of a study which was conducted by [47] which found that
IOD influenced the frequency and trends of drought in the Indian Ocean and
East Africa in the past few decades. In addition, it was established that 50% and
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65% of MAM and OND seasonal rainfalls were linked to the variation in Indian
Ocean SST's [48]. [49] also argued that the short rains in the OND season are
projected to experience more rainfall compared to the projected depressed rain-
fall conditions in MAM. The study also revealed that IOD significantly influ-
ences occurrence, magnitude and duration of rainfall hence droughts in East
Africa.
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Figure 2. Influence of IOD on Drought occurrence in Makueni County.

3.2. Drought Trends in Makueni County

This study established 20 episodes of near-normal droughts (—0.99 to 0.99) while
5 mild droughts (-1.00 to —1.49) on the SPI, were experienced in Makueni
County between 1990 and 2020. Mild droughts occurred in 1992, 1996, 2000,
2005 and 2012. Further, near-normal droughts occurred annually from 1992 to
1996, 1999 to 2002, 2007 to 2008, and 2011 to 2016. Furthermore, multi-year
droughts occurred from 2003 to 2005 and from 2007 to 2009. This study re-
vealed fluctuations in amount of rainfall from 1990 to 2000 whereby a signifi-
cantly high amount of rainfall was recorded in 1998 indicated by high rainfall in
both MAM and OND seasons which were associated with El Niflo event. In ad-
dition, there were fluctuations in amount of rainfall received between 2008 and
2017. Rainfall amounts also indicate an increasing trend from 2018 to 2019 then
a declining trend was experienced in 2020.

The results of this study mirror those of a study conducted by [50] which es-
tablished that drought events were fewer in Southwest China before the 1930s.
[51] also established that droughts accounted for 6% of total disasters globally
where 7% of all economic losses were linked to the phenomenon. The study also

established a high frequency of droughts in South Africa that were indicated by a
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three to five-year return period between 1980 to 2007. The results of this study
also agree with those of a study conducted in China by [52] which found that
frequency of drought events increased after 1930 whereby severe droughts were
experienced between 1936 to 1937. In addition, South Western China expe-
rienced more severe droughts in 1962, 1963, 1967, 1987, 2009 and 2010. The se-
verity of the 2009 and 2010 droughts had not been felt in the 120 years under
study. [53] also revealed that frequent and prolonged severe droughts were
common in North Africa which caused significant socioeconomic impacts and

changes in land use in the region where 70% of the land surface area is desert.

4. Conclusions and Recommendations

Indian Ocean Dipole has a significant influence on the occurrence of droughts in
Makueni County. A reduction in the value of Indian Ocean Sea Surface Temper-
atures in both Western and Eastern Indian Ocean leads to a similar reduction in
the amount of rainfall hence drought episodes in Makueni County. The positive
IOD-drought relationship is a major concern to GoK due to increasing drought
events which influence cereal production negatively despite the need for more
cereal produce. On the other hand, an increase in the value of Indian Ocean Sea
Surface Temperatures leads to a similar increase in amount of rainfall in Maku-
eni County. Variation in Indian Ocean Sea Surface Temperatures resulted in er-
ratic, unpredictable and fluctuating rainfall patterns accompanied by 5 mild and
20 near-normal drought episodes with multi-year droughts between 2003 and
2005 and 2007 and 2009. There was an increasing trend of seasonal droughts due
to declining March-April-May seasonal rainfall signifying negative influence on
cereal production conditions hence low yields and food insecurity. There was an
upward trend in October-November-December seasonal rainfall signifying in-
creased cereal production opportunity in the study area during the season. This
study recommends a study on influence of anthropogenic forcing on drought

occurrence in Kenya.
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