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Abstract: Rainfall datasets from Uganda National Meteorological Authority (UNMA) for 1981-2017
and two reanalysis datasets (Climate Hazards Group Infrared Precipitation with Stations data
(CHIRPS) and Tropical Applications of Meteorology using Satellite data (TAMSAT) were used to
compute drought and flood tendencies over from 1981 to 2017. Cumulative departure index (CDI),
and rainfall anomaly index (RAI), were computed to show drought and flood tendencies in the
region. Meanwhile; Dry Days (DD) and Wet Days (WD) were computed based on the definition as a
day of the season with rainfall amount less than 1.0 mm and greater than 1.0 mm respectively. The
CDI graphics indicated below-average rainfall during 1981-1987 and relatively wetter conditions
during 1989-1995 for all stations in the region. Generally, a seasonal rainfall declined over the first 27
years but an increasing trend in both MAM (March-April-May) and SOND (September-October-
November-December) is observed in most stations during 2006-2017. The highly variable seasonal
rainfall in the region is expected to impact the livelihoods of the communities. This study
recommends use of tailor-made weather and climate information for planning economic
development programs such as agriculture will play a critical role in improving the livelihood of the
communities in the region.

Keywords: rainfall variability; rainfall anomaly index (RAI); cumulative departure index (CDI); Lake
Kyoga Basin; Uganda

1. Introduction

African countries are expected to be the most affected by climate change and variability yet are
the least prepared to deal with the effects [1-6]. Climate change is also emerging as one of the main
challenges humankind will have to face for many years to come. It could become a major threat to
world food security, as it has a strong impact on food production, access, and distribution[7]. Across
East Africa(EA), rainfall is predicted to increase by 5-20% during the December to February rainy
season and by 5-10% between the June and August rainy seasons [8]. In Uganda, it is stated that
current average temperatures are expected to increase by between 0.7°C and 1.5°C by the 2020s [9],
however, this will be interrupted by the naturally variable climate by high spatial and temporal
variability of rainfall largely explained by natural phenomena such as the El Nifio and Southern
Oscillation (ENSO)[10,11]

Climate variability and recent change have exposed most parts of the east African region to
poverty and hunger [12,13], starvation, and death as recently in northeastern Uganda. This is
exacerbated by the impact of unreliable weather patterns usually resulting in worse food insecurity
in the region [14]. Precipitation variability is expected to intensify the magnitude and frequency of
flood and drought events that negatively affect agricultural sectors in most countries of EA[4,15], yet
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the increasing human population continues to exert pressure on food security, worsening the already
fragile situation[16]

Climate variability impacts have the potential to undermine and even, undo the progress made
in improving the socio-economic well-being of countries, especially those that rely on natural weather
systems for agriculture like Uganda [17]. Furthermore, given an estimate of 80% of farmers produce
food primarily to meet their family needs, rural poverty in Uganda could be worsening with climate
change and due to their low income, lower technological and capital stocks, households are predicted
to have limited options to adapt to climate change[6,18,19]

There have been general studies that quantify the effect of climate change and variability in
Uganda[19-22], but these cannot be used for adaptation at the local level. Further, the recent trends
in temperature and rainfall to date weather and climate information needs to be frequently generated
to aid in making both strategic and tactical decisions. There is a need for proper planning of
agricultural activities around the Lake Kyoga Basin based on reliable weather and climate
information to adapt to climate variability with its associated implications on food security, poverty,
and health-related challenges.

The remaining sections of this study are structured as follows: Section 2 describes the study area,
meanwhile; section 3 is reserved for data and methods, while section 4 presents the main results,
section 5 is for discussions. The conclusions and recommendations are highlighted in section 6.

2. Study Area

The study area lies along geographical latitude, and longitude of 0°13'N, 3°41N, and longitude
32°02'E, 34°52'E. The Lake Kyoga Basin is among the largest Basins in Uganda (Figure 1).
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Figure 1. Map of Lake Kyoga Basin in Uganda (inset) showing elevation of Lake Kyoga Basin and the Weather
stations (black dots).

Generally, the Lake Kyoga basin is a low laying area with an elevation ranging between 450
meters to 867 meters as per the Shuttle Radar Topography Mission digital model (SRTM) released in
2004. The climate of the basin is modified by the large swampy surrounding area. The basin has a
rainy season from March to November, with a marked minimum in June, and marked peaks in April
to May and August to October while December and January are the driest months.

3. Materials and Methods
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3.1. Materials
3.1.1. Observed Station Climate Data

The in-situ daily and monthly rainfall climate data were obtained from the Uganda National
Meteorological Authority for Namulonge, Tororo, Soroti Jinja, Lira, Serere, Kiige, Buginyanya,
Kotido, and Namalu stations. The duration for all datasets was taken in the range of 1981 to 2017
collected from manual instruments; The stations are presented in Fig.1 and Table 1. The quality
control measures for the observed rainfall dataset included; checks control to identify the negative
precipitations values, typing errors to identify gaps in the dataset, and false zeros [23]. All the rainfall
data were processed through an extensive series of quality control procedures to ensure erroneous
values such as errors in manual keying; negative daily precipitation amounts have been removed
and/or identified. Some stations such as Namulonge, Tororo, Soroti, Jinja, and Lira had daily rainfall
datasets which is required for the determination of critical phenomena like onset and cessation of
rainfall. The remaining station had only monthly rainfall totals, these include; Jinja, Nakasongola,
Serere, Kiige, Buginyanya, Kotido, and Namalu, thus unable to determine the onset and cessations
in these rainfall stations and zones. Nearly all the stations didn’t have complete temperature datasets
(except for Soroti and Jinja, both located at the airfield).

Table 1. Detailed geographical information of meteorological stations in Lake Kyoga Basin.

Longitude Latitude Elevation  Data period  Rainfall

Stations (degree) (degree) (meters) (Years) zones

Namulonge 32.6 0.5 1128.3 1981- 2017 B
Tororo 34.2 0.7 1176.0 1981- 2017 D
Soroti 33.6 1.7 1115.8 1981-2017 E

Jinja 33.1 0.5 1175.1 1981-2017 A2
Lira 32.3 22 1120.2 1981-2017 I
Serere 33.5 1.5 1098.0 1961-2017 E
Kiige 33.0 1.1 1089.4 1981-2017 B
Buginyanya 344 1.3 1875.0 1981-2017 F
Kotido 34.1 3.0 1219.5 1981-2017 G
Namalu 34.8 2.0 1274.4 1981-2017 L

3.1.2. Climate Hazards Group Infrared Precipitation with Stations Data (CHIRPS)

The gridded precipitation of the spatial resolution of 0.05°x 0.05° for 1981 to 2017 was sourced
from Climate Hazards Group Infrared Precipitation with Stations data (CHIRPS). CHIRPS is a
product developed by merging three types of high resolution data including; global climatology,
satellite estimates, and in situ observations employing a combination of interpolation techniques,
which improved rainfall products [24] Funk et al., [24] provides an elaborated detail of CHIPRPS
data. Over EA, the lack of well-distributed and managed rain gauge is a challenge to spatial analysis
of climate data [25], which can only be overcome by the use of satellite or reanalysis datasets. Data
can  be accessed  through  webpage; https://data.chc.ucsb.edu/products/CHIRPS-
2.0/global_daily/netcdf/p25/

3.1.3. TAMSAT Precipitation Data

TAMSAT (Tropical Applications of Meteorology using Satellite data) precipitation data is a
widely used dataset for monitoring and studying rainfall patterns in Africa. The data has spatial
resolution: 0.0375° x 0.0375° (approximately 4 km x 4 km) and temporal resolution: daily, 10-daily,
and monthly [26]. TAMSAT precipitation data is available from 1983 to present, and can be accessed
through the links; https://data.tamsat.org.uk/data-download/rainfall/; and
https://research.reading.ac.uk/tamsat/regridded-files/

TAMSAT precipitation data is derived from a combination of satellite and ground-based
observations such as Geostationary satellite images from the European Organisation for the
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Exploitation of Meteorological Satellites (EUMETSAT); Rain gauge data from ground-based rainfall
measurements from national meteorological agencies and research institutions and, finally; Tropical
Rainfall Measuring Mission (TRMM) satellite data (until 2015). The TAMSAT algorithm uses a
combination of techniques to estimate rainfall from satellite data, including; Cold Cloud Duration
(CCD), and Rainfall Estimation Algorithm (REA) [26].

3.2. Methods
3.2.1. Number WET/DRY Days over MAM and SOND Rainfall Seasons

For the two well-known seasonal rainfall over Uganda and EA (MAM and SOND), Wet and Dry
days are generated by the common definition that a rainy day must experience at least 1.0 mm of
rainfall, while a dry day is basically days with less than 1.0 mm of rainfall [27,28]. Once recorded over
concessive period, the two variables are referred to as wet and dry spell respectively. Analyzing the
number of wet and dry days is crucial for understanding rainfall variability, managing water
resources, planning agricultural activities, studying climate change impacts, and maintaining
ecosystem health.

3.2.2. Cumulative Departure Index (CDI) for 1981-2017

The MAM and SOND Seasonal rainfall variability was further assessed by the cumulative
departure index (CDI). The CDI involves the estimation of the arithmetic mean of seasonal rainfall
for the period of record. The means of seasonal rainfall were then normalized by equation (1) below;

CDI = (r{—R,)/S @

Where & represent the actual seasonal of a given year. R is the mean rainfall of the total length

of the period, and S the standard deviation of the total length of the period. Results of the values

were cumulatively added to each other for the period of record and plotted to achieve long-term
trends for seasonal as used [27,28].

3.2.3. Rainfall Anomaly Index (RAI) for 1981-2017

Further, the rainfall anomaly index (RAI) was analyzed to show the variability of annual rainfall
(Frequency and intensity of dry and wet years) and presented through graphical plots for visual
interpretation. RAI is suggested to be very effective in detecting the persistence of drought periods
[27]. Rainfall variability indices were used to establish drought periods and to show some haphazard
values for drought indication [27]. These simple indices which use only rainfall as the only input
perform comparatively well compared with more complicated indices in depicting periods and
density of droughts [27,29]. RAI was used to describe annual rainfall variability and was first
introduced and used by van Rooy, (1965) but is currently been used by many authors [32].

The RAI is calculated from equation (2) for positive anomalies and equation (3) for negative

anomalies.
Ri— M
f Rf
RAI = +3(——— 2
<MH10 — MRf> 2)
Ri— M
f Rf
RAI = -3(—F—— 3
(MLw — MRf) 3)

Where RAI represents the annual rainfall anomaly index, Ry the actual rainfall for a given year,

R the mean of the total length of the record, Mo the mean of the ten highest values of rainfall

on record, and My the lowest values of rainfall on record.

4. Results
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Figure 2 presents the mean monthly annual rainfall for nine (9) stations in lake Kyoga Basin
during the period 1981- 2017. Results revealed unimodal rainfall in all the stations within lake Kyoga
Basin but show a slight decline over June. This result is in agreement with previous studies on the
region [33]. Rainfall in the lake Kyoga basin is usually contributed to by several factors including the
north-south movement of ITCZ, and the Congo air mass, and modified by topographic features [32—
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Figure 2. Mean monthly rainfall cycle for different stations for the period 1981-2017.

The results showed high values of seasonal rainfall recorded during the months of March-April-
May (MAM) and September-October-November-December (SOND), coinciding with two main
modal rainfall regimes (MAM) and (SOND) reported by other studies over the regions [35,36]. In this
study, these two main rainy periods MAM and SOND are therefore considered as the major seasons
and for subsequent use in the seasonal analysis. The main rainfall season from March to May (MAM)
is usually referred to as the “long rains” and the September to December is the “short rains” in EA
[34-36].

4.5.2. Temporal Variation of Annual and Seasonal Rainfall in Lake Kyoga Basin

Figure 3 shows the temporal variation of the annual rainfall over the lake Kyoga basin during
1981-2017. Results indicate a decline in the annual rainfall during the first periods of the study 1981-
1985 for most stations including Kiige, Namulonge, Buginyanya, Serere, Lira, and Namalu, this
coincides with the reported droughts episodes of 1983-1985 over EA which cause severe impacts on
socioeconomic activities in the regions [41],36,40]
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Figure 3. Temporal variation of total annual rainfall for selected stations during 1983-2017.

The mean annual rainfall in the lake Kyoga Basin gradually increased from 1985 to 2005 except
for the two adjacent stations; Soroti (e) and Serere (g) which indicated a declining trend over the same
period. Conversely; after 2005, most rainfall stations in the lake Kyoga basin revealed a drop in annual
precipitation. The declining rainfall in Uganda was reported in a recent analysis [38].

Contrarily, parts of Lake Kyoga basin have experienced a lot of rainfall over the years, which
has caused mudslides on several occasions such as in 2015 and recently in 2018, and 2019, to the
extent of causing the catastrophic loss of human lives and destruction of properties and infrastructure
[22].

Lake Kyoga Basin receives an average of 30-70 wet days during MAM rainfall seasons over most
parts of region with a few areas receiving less than 20 wet days during MAM (Figure 4 (a, b)). The
average number of dry days from two gridded satellite datasets CHIRPS 2.0, and TAMSAT v3.1 are
provided in Figure 4 above in (c) and (d). The highest number of dry Days (80) occurred in
northeastern part of lake Kyoga Basin, while lowest number of dry days were experienced in the
southern part of the Basin bordering the Lake Victoria which usually receives the highest rainfall
amount in Uganda. As observed from above figure the number of dry days during MAM rainfall
seasons outstripped their corresponding wet days during the same rainfall seasons.
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Figure 4. Comparison of wet/dry days during MAM season using two gridded satellite datasets CHIRPS-2.0,
and TAMSAT v3.1 for the historical period 1983-2017.
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Figure 5. Comparison of wet/dry days during SOND season using two gridded satellite datasets CHIRPS-2.0,
and TAMSAT v3.1 for the historical period 1983-2017.

4.6.1. Cumulative Departure Index (CDI) over Lake Kyoga Basin

Figure (6 a-i) shows a graphical representation of the seasonal CDI for selected stations in Lake
Kyoga Basin over the period 1981-2017. The variability of seasonal rainfall is shown by an upward
and downward movement of the CDI graphs which correspond to surplus and deficit rainfall
respectively.

For Namulonge station (Fig.6a); the “long rains” (MAM) season is observed to run below
average rainfall for most of the years during the period 1983-2017 with only 3 years showing positive
rainfall, while SOND showed either near normal rainfall or below average. The years that have
anomalously high MAM seasonal rainfall include; 1982, 1997-1998, and 2016. The years which
showed anomalously low MAM rainfall at this station include; 1996, 2000, 2007-2008. Meanwhile,
analysis of SOND seasonal rainfall revealed anomalously high and low rainfall in 1995 and 1982-
1983, 1986, 1989, and 2016 respectively.

At Tororo station, the variability of seasonal rainfall is also evidenced as the CDI graphs
presented both downward and upward movement in both seasons (Fig.6b), but both seasons
recorded near normal long-term mean rainfall. The CDI curve for MAM indicates extremely high
rainfall in 2013, 2012, and 2006 in the last 10 years, and 1990-1991 in the previous decade. Contrarily,
2004, and 2016 are two years that present below-average rainfall for MAM seasons. There is no clear
pattern for SOND rainfall season as both downward and upward trends are observed randomly,
showing high variability in seasonal rainfall. The season (SOND) revealed, the highest upward trends
in rainfall were recorded in 1997, 2006, and 2014; while; 1986, 1990, and 2010 showed highly marked
downward movement of the cumulative departure index.
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Like in the first two stations above, the seasonal variability of rainfall at Soroti station (Fig.6c) is
visibly clear as the MAM season records below-normal rainfall in the first 2 years. An improvement
in MAM rainfall is attained during the period 1985-1998, as indicated by the upward movement of
CDI graphs. This is subsequently followed by a reduction in MAM rainfall in the next 4 years as the
CDI graphs move into the negatives phase from 1999-2002. From 2003-2017, 5 years showed positive
CDI values and upward trends in rainfall; while the remaining years indicate below-normal rainfall.
The station showed extremely low rainfall during MAM in 1999, and over 2009-2010, while extremely
high rainfall was experienced in 1991-1992, and 1996.The results revealed negative CDI graphs for
SOND in 22 years during the period 1981-2005 and only 3 years of positive CDI graphs. Toward the
last decade (2006-2017); SOND seasonal rainfall expressed improvement as all the years registered
positive CDI values and an upward movement of CDI graphs.
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Figure 6. (a-i). Graphical representation of the time series of seasonal cumulative departure index (CDI) for
selected stations in Lake Kyoga Basin. The light grey color bar chat represents MAM) and the Black color chart
shows SOND.

At Lira station (Fig.6d), both MAM and SOND seasons are observed to run below average
rainfall for most of the years, however; a few years recorded extremely high rainfall (Above average)
during MAM rainy season including;1982, 1997-1998, 2015-2016, and extremely below average
rainfall during; 1983-1984, 1999-2000, 2007-2008, 2010, 2012, and 2014. The worst-case scenario is seen
during SOND where only 3 years show above average rainfall namely the years; 1994-1995, and 2002,
extremely dry and below normal rainfall are observed in all the years and most notably in;1982-
1983,1986, 1989, 20042006, 2009-2010, and 2015.

Further; Jinja station (Fig.6e), showed clear seasonal variability of rainfall from 1981-1993 when
most years displayed below average rainfall in both MAM and SOND seasonal rainfall except in a
few cases such as in 1987-1988 and previously in 1982-1983 that indicated above-average seasonal
rainfall. From 1995-2002, MAM received two years of extremely high rainfall (1996 and 1999) as
SOND recorded above-average rainfall in six years. Similarly, the years 2003-2011, showed below-
normal rainfall in both seasons except on a few occasions such as in 2003, and 2006. The last 6 years
(2011-2017) showed more upward movement in SOND seasonal and downward movement in MAM
rainfall. The season MAM received substantially high rainfall during the period 1995-1997, 2000, and
a drastic reduction in MAM seasonal rainfall in 1985-1986, 1990-1991, 2005, and 2013. The CDI bars
showed a negative trend in rainfall in the second season of SOND from 1981-1987, and 1991-1995.
From 1996 onwards, SOND rainfall indicated a positive trend punctuated with years of reduced
rainfall most predominantly in 2006 and 2008-2009.

d0i:10.20944/preprints202503.0166.v1
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Buginyanya station (Fig.6f), in the montane region, shows the downward movement of MAM
seasonal rainfall from 1981-1996 with exception of 1984 and 1994 with near-normal rainfall. There is
no difference in the observed trends for SOND seasonal rainfall at Buginyanya stations as most years
(1981-1999) show decreased rainfall (below average rainfall) except on a few occasions in 1985-1987
and 1994-1995. Proceeding from 2000-2002, a positive trend indicated by upward bars in rainfall is
recorded followed by below average rainfall over the period 2003-2004, which is proceeded by near
normal rainfall from 2005-2011. CDI graphs showed that the last 6 years registered the wettest years
for SOND rainfall including; 2001-2002 and 2013-2014, while 1982-1984,1988-1993 and 2007 were
shown to be the driest years in terms of SOND rainfall for this period of analysis.

At Namalu station (Fig.4.5g); the years 1983-1987, 1992-1995, 1999-2005, 2008-2009, 2014-2015,
and 2017 were significantly dry (below average) in terms of MAM seasonal rainfall. The dry MAM
seasons are punctuated with occasionally wet seasons (Above average rainfall) such as during the
period 2006-2007, 1996-1999, and 2012-2013. The second season, (SOND) showed below-average
rainfall over the period 1981-1998, and above-average rainfall in the following 4 years (1999-2002),
followed by farther 3 years of below-average rainfall (2003-2005). Over the last 12 years (2006-2017),
SOND received improved rainfall performance with the only drop in 2009. Extremely high and low
rainfall during SOND is experienced in 2012 and 1986 respectively.

4.6.2. RAI over Lake Kyoga Basin for 1981-2017

The result of the annual “rainfall anomaly index” (RAI) is presented in Table 4.6. The results
showed that annual rainfall varied a lot about the long-term mean as different stations revealed
different ranges of RAI values throughout the analysis years. The graphical time series of the annual
RALI for selected stations in Lake Kyoga Basin (Fig.7): For example; Namulonge station recorded an
extreme range of -5.4 to 6.3 in 1983 and 1997 respectively. For the case of Tororo station, the two
extreme values of range -5.2 to 7.5 are reported in more recent years 2001 and 2004. The range at
Soroti is from -3.9 to 5.6, which occurred in the earlier years of 1984 and 1988. Meanwhile, Serere
stations recorded a range of -4.8 to 6.7 in 2012 and 2000 respectively. The negative indices represent
dry years and the positive indices show wet or rainy years with varying intensities in each case.

For the first 20 years (1981-2000), 12 cases of extremely dry conditions are revealed within the
lake Kyoga Basin. In such circumstances, Soroti station reported 3 cases of extremely dry years in
1982, 1984, and 1989, while Namulonge station also reported 3 cases in 1983, 1993, and 2000.
Meanwhile; the other remaining stations showed one case of an extremely dry year. RAI values
indicate that 1981 and 1999 were the wettest years when all the stations reported extremely wet
conditions (positive RAI). Moreover; during the period (2000-2017); 34 cases of extremely dry years
were experienced in 9 locations examined in Lake Kyoga Basin. The distribution of extremely dry
conditions was uniform in some stations such as Soroti, Serere, and Buginyanya stations each
recorded 5 years of extremely dry conditions; while Jinja registered 4 years of extremely dry years.
The remaining stations recorded at least 3 years of extremely dry years.
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Figure 7. The annual rainfall anomaly index (RAI) for selected stations in Lake Kyoga Basin in Uganda.

5. Discussions

Results from Cummulative departure index these studies have several years of below average
rainfall showing the drying or drought tendencies over the region during the first rainy period of
March-May (MAM). The March-May long rains are critical for the eastern African region and have
been quite poor in recent years [25] The decline in MAM rainfall in EA region has been prominently
analyzed and discussed [43]. The last 10 years of the study showed rainfall increasing in both MAM
and SOND seasons contributing to an increase in annual rainfall over most stations in the basin.
However, the increase in rainfall over the basin is punctuated with extreme or severe drought years
as witnessed in results in 2009- 2010, 2014, 2016, and 2017 further indicating a drought condition in
the region. Ongoma et al [8] also showed a positive trend in March-April and May (MAM) and
October-November-December (OND) seasonal rainfall over the Eat African region. The months of
November-December have seen an increase, probably reflecting an increased November rainfall in
eastern Africa [44]

These results showed high positive RAI values for Namulonge station in the same region in the
years; 1989,1997, and 2001 indicating that they were extremely wet, which is in agreement with the
recent studies which analyzed rainfall variability for the Lake Victoria Basin adjacent to the lake
Kyoga basin[45] and found that the years 1989, 1997, and 2001 had anomalously high total annual
rainfall in the region. The most notable extremely wet years are; 1981 for most stations except
Namulonge station, and 1999, 2011, and 2015 for most stations. However; using rainfall data for 1949-
2009, [46] found that rainfall at this Namulonge station was on the decrease.

The main controlling mechanism of these extremely high rainfall events has been linked to the
reversal of dipole in atmospheric circulation and Indian Ocean sea surface temperatures [47]. The
rains are moderated by weather phenomena such as El Nifio Southern Oscillation (ENSO) [34] and
the Indian Ocean Dipole (IOD) [48] The El Nifio Southern Oscillation (ENSO) phenomena are
strongly associated with the inter-annual variability of rainfall in this region [34]. This agrees with
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our present study as years with El Nifio events such as 1981, 1997-1998, 2006-2007, and 2015 as the
wet years recorded.

The result showed high spatial variability as stations indicate different results when similar
weather phenomena occur, for example; in 1996 and 2015 most stations show extremely high rainfall
but a few stations still show extremely dry conditions over the same period. Such differences in
weather conditions are closely related to the contribution of the local circulation systems resulting
from land surface heterogeneity induced by biophysical factors such as vegetation, large open water
bodies, and topography [49]. Drought conditions exhibited in some years in most stations severely
affect agricultural, water, economic, and health sectors, and human death have been reported in the
Lake Kyoga Basin [50] .

In the East African tropical climate, rainfall remains one of the most important drivers of many
socio-economic activities like agriculture and electricity generation [51], but such variability in
rainfall imposes greater risks to such socio-economic sectors. Extreme drought and famine occurred
in other parts of Africa at the beginning of 2006, spreading to the East African region especially the
northern part of Uganda, Kenya, and Somalia, and more severe than those of 1984, 1999, and 2000 in
the East African region [40,42]

Globally, an estimated eleven million people died of drought-related causes while two billion
people affected by drought since 1900 [52]. The frequencies and intensity of drought are predicted to
increase [2] which confirmed the results that the current years (2001-2017) had the highest frequencies
and more intense droughts than the period 1981-2000.

Generally, 2010 was extremely dry for Soroti, Jinja, and Buginyanya and severely dry for most
stations including; Tororo, and Namalu, possibly caused by the failure of the “short rains” of 2010
linked to the La-Nina condition. Much of this was followed by a further decline in the “long rains”
in MAM in 2011 in the EA [53]. The year 2011 was one of the wettest years in the Lake Kyoga Basin
as most of the RAI values were greater than 0.3. The results also showed that in the period 1997/1998
some stations such as Namulonge, Tororo, Jinja, and Kiige, had positive RAI representing extremely
wet years, this could be associated with the strong El-Nino episode of that year which is referred to
as the “climate event” of the century [54].

Similarly, the extreme El-Nino events in 1982/1983 could have boosted the rainfall of other
stations in the region, however extremely dry conditions were recorded in stations such as
Namulonge, Tororo, and Soroti. This also shows the variability of rainfall in the region occurring
within short distances [55].The recently wet year (2015), is possibly another effect of EI-Nino events
experienced in the region. This increased the chances of most locations recording extremely wet
conditions [56], but this is usually followed by the opposite phase “La-Nina Event” which is usually
dry and less rainfall in some areas[57] and is consistent with the results of 2016 in this study. This is
though not exclusively true as some patches of dry conditions persisted at some stations within the
basin in the same year (2016).

According to these results, the region registered five incidences of extremely dry years and seven
cases of severely dry years at different stations. The results agree with seven droughts cases reported
between 1991 and 2000 [58].The Greater Horn of Africa has been affected by droughts almost every
year for the past two decades and the most severe drought occurred in 2009 and 2011 in Kenya [51]),
which is true of the test results for RAI in 2009.

6. Conclusions

This study analyzed the rainfall data for Lake Kyoga Basin using the CDI and RAI. The results
show a declining trend in the March-May (MAM) rainfall, indicating drying or drought tendencies
over the region. However, the last decade of the study period showed an increase in rainfall in both
MAM and October-December (SOND) seasons. The study also identified extreme wet and dry years,
with El Nifio events contributing to the wet years. The results highlight the high spatial variability of
rainfall in the region, with local circulation systems playing a significant role. The study's findings
have important implications for agricultural, water, economic, and health sectors in the region, which
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are vulnerable to rainfall variability and droughts. Overall, this study contributes to the
understanding of rainfall variability in the Lake Kyoga Basin and highlights the need for effective
climate risk management strategies to mitigate the impacts of droughts and floods in the region.

The study's findings highlight the need for effective climate risk management strategies to
mitigate the impacts of droughts and floods in the Lake Kyoga Basin which can be achieved through
the development of early warning systems, climate-resilient agriculture practices, and water
harvesting and storage infrastructure. Finally; the study's findings emphasize the importance of
understanding rainfall variability and its impacts on socio-economic sectors. To improve climate
monitoring and prediction capabilities, investing in climate observation networks, enhancing climate
modeling and forecasting capabilities, and promoting climate information dissemination and
application are essential. This will enable decision-makers to make informed decisions and develop
effective adaptation strategies.
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