
Journal of Geoscience and Environment Protection, 2024, 12, 131-152 
https://www.scirp.org/journal/gep 

ISSN Online: 2327-4344 
ISSN Print: 2327-4336 

 

DOI: 10.4236/gep.2024.123008  Mar. 27, 2024 131 Journal of Geoscience and Environment Protection 
 

 
 
 

Characteristics of Extreme Rainfall Events over 
Uganda during September to November 
Rainfall Season 

Donnata Alupot1,2,3, Guirong Tan1*, Kokou Romaric Posset2, Peter Natiko3 

1Key Laboratory of Meteorological Disaster, Ministry of Education (KLME)/Joint International Research Laboratory of Climate 
and Environment Change (ILCEC)/Collaborative Innovation Center on Forecast and Evaluation of Meteorological Disasters 
(CIC-FEMD), Nanjing University of Information Science and Technology, Nanjing, China 
2Climate Change Department, Pan African University Institute for Water and Energy Sciences (Including Climate Change), C/O 
Université Abou Bekr Belkaid Tlemcen, Campus Chetouane, Tlemcen, Algeria 
3Directorate of Weather Forecasting, Uganda National Meteorological Authority, Port Bell Road, Kampala, Uganda 

 
 
 

Abstract 
Understanding the characteristics of extreme rainfall is crucial for effective 
flood management planning, as it enables the incorporation of insights from 
past extreme rainfall patterns and their spatiotemporal distribution. This 
work investigated the changes in the frequency and pattern of extreme rain-
fall over Uganda, using daily datasets sourced from Climate Hazard Group 
InfraRed Precipitation with Station (CHIRPS-v2) for the period 1981 to 2022. 
The study utilized the extreme weather Indices provided by the Expert Team on 
Climate Change Detection and Indices (ETCCDI). Attention was directed to-
wards September to November (SON) rainfall season with precise analysis of 
four indices (Rx1day, Rx5day, R95p, and R99p). The Sequential Mann-Kendall 
(SQMK) non-parametric test was applied to identify abrupt changes in SON ex-
treme rainfall trends. Results showed that October consistently recorded the 
highest count of extreme rainfall days across all four indices. The long-term 
analysis revealed fluctuations in extreme rainfall events across years, with cer-
tain periods exhibiting heightened intensity. The analysis portrayed a shift in 
the decadal variations and region-specific distribution of extreme rainfall, 
with Eastern Uganda and areas around Lake Victoria standing out compared 
to other regions. The findings further revealed an increase in extreme rainfall 
for all indices in the recent decade (2011-2022) with 2019/2020 standing out 
as the extreme years of SON for the study period. While trendlines suggested 
a slight increase in intense daily rainfall events, the SQMK tests revealed sta-
tistical significance in the trend of prolonged periods of intense daily rainfall. 
This study contributes to the understanding of the spatiotemporal variability 
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and trends of extreme rainfall events over Uganda during the SON season, 
which is crucial for the assessment of climate change impacts and adaptation 
strategies. It provides valuable information for seasonal extreme rainfall fore-
casting, development of early warning systems, flood risk management, and 
disaster preparedness plans. 
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1. Introduction 

Extreme weather has garnered considerable attention in scientific research and 
has become a matter of great societal significance (Ross & Lott, 2004; O’Hara et 
al., 2009; Mazon et al., 2016). Forecasting extreme rainfall events that can lead to 
floods and mudslides presents a noteworthy challenge in the field of weather fo-
recasting, particularly in regions with complex topography, where specific fea-
tures can intensify precipitation (Guastavino et al., 2022). In the case of Uganda, 
which serves as a case study, the country experiences two primary rainfall sea-
sons: long rains from March to May (MAM) and short rains from September to 
November (thereafter, SON) (Majaliwa et al., 2015). Additionally, there is a pro-
longed dry season from December to February (DJF). The third rainfall season, 
which occurs from June to August (JJA), is associated with moisture influx from 
the Congo air mass and the influence of the Inter-Tropical Convergence Zone 
(ITCZ) over Northern Uganda (Ogwang et al., 2016b; Nsubuga & Rautenbach, 
2018). 

Studies have observed variations in these rainfall patterns across Uganda, with 
particularly high variability during the SON season (Omondi et al., 2014; Ngoma 
et al., 2021a). The considerable variability that characterizes the short rains 
(SON) has been linked to the influence of Sea Surface Temperature (SST) varia-
bility, including phenomena such as El Niño Southern Oscillation (ENSO) 
(Indeje & Semazzi, 2000; Jury, 2018) and Indian Ocean Dipole (IOD) conditions 
in the Indian and Pacific Oceans. The Indian Ocean plays a crucial role in de-
termining above or below normal rainfall (Khan et al., 2021) during the short 
rains, primarily due to Sea surface temperature (SST). The IOD creates an anoma-
lous temperature gradient within the Indian Ocean, resulting in positive or 
negative SST anomalies in the western and eastern parts, respectively, known as 
the Dipole Mode Index (DMI) (Dubache et al., 2019). These oceanic mecha-
nisms enhance short rains (SON) anomalies often leading to heavy rainfall 
events, flash floods, rising water levels, and mudslides during the positive phases 
of both ENSO and IOD modes (Palmer et al., 2023). 

According to Ogwang et al. (2016a), the SON season in Uganda, as assessed 
using Empirical Orthogonal Functions (EOF), constitutes 29% of the country’s 
mean rainfall and demonstrates a notably higher standard deviation of 24.5 mm 
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for the period spanning from 1901 to 2013. This significant interannual variability 
within the SON season leads to fluctuations in rainfall amounts annually. Ngoma et 
al. (2021b) revealed similar findings for the interannual variability in SON season 
between 1981 and 2019, prompting some farmers to transition their main growing 
season from MAM to SON. The increase in rainfall during SON season in Uganda 
was documented by (Majaliwa et al., 2015; Ogwang et al., 2016a; Nicholson, 2017). 
Furthermore, recent projections for Uganda derived from Coupled Model Inter- 
comparison Project Phase 6 (CMIP6) models revealed wetter conditions during 
SON season under two emission scenarios for both the near and far future 
(Ngoma et al., 2022). Examining extreme rainfall events in East Africa, Ongoma 
et al. (2018) observed a general increase in the number of wet days in Uganda, 
although, statistically insignificant at the 5% significance level. However, the as-
sessment needed to highlight on the seasonal variations and specific characteristics 
of extreme rainfall. Meanwhile, Nicholson et al. (2022) analysed October and No-
vember rainfall extremes across equatorial Africa, noting heavy rainfall during 
the SON season of 2019 which was attributed to enhanced moisture flux from 
the Indian Ocean, impacting Eastern Africa, including Uganda. 

Previous studies have primarily investigated seasonal or annual rainfall totals 
by examining changes in rainfall amounts over different seasons or years. How-
ever, these studies were limited to analysing the overall pattern and changes in 
mean rainfall amounts without thoroughly examining extreme rainfall events or 
other specific characteristics of extreme rainfall intensity and frequency. As a 
result, there is a lack of knowledge regarding the characteristics of extreme rain-
fall in Uganda, particularly during the SON season, where future projections in-
dicate an increase in rainfall. Thus, the present study aims to address this 
knowledge gap by providing climatological information and evidence of extreme 
rainfall. For instance, this study investigates whether the frequency, intensity 
and pattern of extreme rainfall events changed in Uganda. For this purpose, the 
research utilized Extreme weather indices from the Expert Team on Climate 
Change Detection and Indices (ETCCDI), focusing on four indices (Rx1day, 
Rx5day, R95p, and R99p). Extreme weather indices from the ETCCDI are useful 
tools for assessing and quantifying climate change-induced alterations in key 
climate variables and extreme events (Zhang et al., 2011). These indices capture 
various characteristics of extreme events, such as magnitude, frequency, dura-
tion, and spatial extent (Jeong et al., 2021). The study then employed Mann 
Kendall trend analysis to assess the significance of the trends of rainfall ex-
tremes during the study period, drawing on previous research (Nsubuga et al., 
2011; Gocic & Trajkovic, 2013; Chinchorkar et al., 2015). The study’s findings 
have significant implications beyond academia, for example results have direct 
applications in seasonal extreme rainfall monitoring and prediction particu-
larly for vital sectors in Uganda. Furthermore, the study contributes valuable 
insights for water resource management, disaster preparedness, and enhanced 
seasonal forecasting, aiming to fortify Uganda’s resilience and promote sustain-
able development amid changing weather patterns. Section 2 provides a concise 
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overview of the study domain, detailing the data sources and methodologies 
employed. Section 3 delves into the study’s findings and subsequent discus-
sions; finally, the summary of the study and proposed potential recommenda-
tions. 

2. Study Area, Data and Methods 
2.1. Study Area 

Uganda is a landlocked country in East Africa (Figure 1), bordered by Tanzania, 
Rwanda, the Democratic Republic of Congo, South Sudan, and Kenya, covering 
241,038 square kilometers (Masum, 2020). The climate characteristics are influ-
enced by a combination of global and regional factors, including sea surface 
temperatures, wind patterns, and atmospheric circulation (Jury, 2018). Various 
geographical features including mountains such as Mount Elgon and Mount 
Rwenzori, as well as water bodies like Lake Albert, Lake George, Lake Edward, 
Lake Victoria, Lake Kyoga, and the White Nile River, can influence rainfall vari-
ation. Studies have observed variations in Uganda’s rainfall patterns, with the 
SON season showing high variability (Omondi et al., 2014; Nicholson, 2017).  

 

 
Figure 1. Location of the study area showing the distribution of stations across various regions. 

https://doi.org/10.4236/gep.2024.123008


D. Alupot et al. 
 

 

DOI: 10.4236/gep.2024.123008 135 Journal of Geoscience and Environment Protection 
 

However, irrespective of the rainfall patterns, there is still an ongoing occurrence 
of extreme rainfall (Nsubuga et al., 2014) with some areas experiencing heavy 
rainfall and other areas receiving below normal rainfall. The vulnerability of pop-
ulations to extreme rainfall is influenced by geographic location, social, and eco-
nomic factors. Extreme rainfall causes riverine and flash floods, with the most 
affected areas along major rivers and lowlands. According to the World Bank, 
Uganda experienced 20 floods and five landslides between 1900 and 2018 (World 
Bank, 2019). In 2022, two rivers burst their banks after heavy rainfall causing se-
vere flooding in Eastern Uganda (Mbale and surrounding districts, some 220 ki-
lometers east of the capital, Kampala), leaving homes, shops, and roads sub-
merged and other infrastructure destroyed and killing at least 26 people (IOM, 
2022). 

2.2. Data 

Satellite derived dataset for daily rainfall data (1981 to 2022) was downloaded from 
Climate Hazards Group InfraRed Precipitation with Station data (CHIRPS) at a 
cell size of 0.05 (~5 km) with a one (1) day temporal resolution. CHIRPS is a 35+ 
year quasi-global rainfall data set, spanning 50˚S-50˚N (and all longitudes) and 
ranging from 1981 to near-present (digital Earth Africa). The data source can be 
accessed on the website  
https://iridl.ldeo.columbia.edu/SOURCES/.UCSB/.CHIRPS/.v2p0/.daily-improv
ed/.global/.0p05/.prcp. Datasets from a total of twenty (20) weather stations 
ranging from 1981 to 2022 were used to accomplish the tasks. The station(s) in-
clude; Kotido, Lira, Kitgum, Gulu, Arua, Tororo, Jinja, Pallisa Soroti, Bugi-
nyanya, Kabale, Kasese, Masindi, Mbarara, Kyenjojo, Kampala, Mubende, Lu-
wero, Namulonge and kiboga. The stations are evenly distributed in the study 
area as seen in (Figure 1). CHIRPs-v2 data displays high temporal agreement 
and preserved variability compared to gauge observations, indicating its reliabil-
ity in capturing rainfall variability in the Eastern and South African region 
(Muthoni et al., 2019). Similarly, when compared to other satellite products 
(ARC, TAMSAT), CHIRPS products are significantly better with higher skill and 
low or now bias across East Africa (Dinku et al., 2018). According to Kimani et 
al. (2017), CHIRPS performed well in accurately estimating rainfall over East 
Africa, during the rainfall seasons, and was able to capture different rainfall re-
gimes. 

2.3. Methods 
2.3.1. ETCCDI Indices 
Extreme weather indices and definitions were obtained from Expert Team on 
Climate Change Detection and Indices (thereafter, ETCCDI),  
(https://etccdi.pacificclimate.org/indices.shtml). The ETCCDI indices primarily 
focus on a standardized set of climate indices that are widely recognized and 
used for analyzing climate extremes. From the ETCCDI, the study used four 
ETCCDI indices (Table 1) including; duration indices Rx1day (Max 1-day  
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Table 1. Extreme Precipitation indices by ETCCDI. Source: (Zhang et al., 2011). 

Index Indicator name Description Unit 

Rx1day Max 1-day precipitation 
Maximum 1-day precipitation 

amount 
mm/day 

Rx5days Max 5-days precipitation 
Maximum 5-day precipitation 

amount 
mm/5day 

R95p Very wet days 
Annual total precipitation from 

days > 95th percentile 
mm/year 

R99p Extremely wet days 
Annual total precipitation from 

days > 99th percentile 
mm/year 

 
precipitation amount), Rx5day (Max 5-day precipitation amount), and percentile 
indices R95p (very wet days), and R99p (extremely wet days). Rx1day and Rx5days 
are defined as maximum accumulation over 1 day and 5 days respectively. These 
indices were proposed by Alexander et al. (2006) as indices that represent the 
peak value of the highest rainfall amount reached during a season or year. The 
maximum accumulation of precipitation over a single day, known as Rx1day, 
offers ultimate data that can be utilized to draw conclusions regarding altera-
tions in extremes with extended return periods in both observations and model 
(Min et al., 2011; Kharin et al., 2013). Both the Rx1day and Rx5day represent 
extremely heavy rainfall; Rx1day causes flash flooding while Rx5day is more 
likely to cause long-term riverine flooding (Basher et al., 2018). R95p and R99p 
are percentile indices used to calculate percentile thresholds based on the col-
lection of wet days in the reference period, without taking into account the 
yearly cycle. These indices offer a straightforward way to monitor trends in the 
occurrence or intensity of extremes, while not extremely severe, could still po-
tentially impose stress on both humans and the environment (Zhang et al., 
2011). The reason for selecting percentile thresholds lies in the fact that the 
number of days exceeding these percentile thresholds is uniformly distributed 
across regions and holds significance regardless of the specific location. The ex-
treme rainfall indices were calculated from the mean daily rainfall of the 20 
weather stations (Section 2.2) during SON season across Uganda for the period 
1981 to 2022. 

2.3.2. Generalized Extreme Value (GEV) Distributions 
GEV distributions are statistical models that Jenkinson (1955) developed based 
on the Gumbel, Frechet, and Weibull distributions (Chu et al., 2013). The GEV 
distribution is designed to capture the characteristics of extreme events, making 
it a valuable tool for estimating and predicting extreme values (Walshaw, 2014). 
As a crucial method for analyzing extreme events, GEV distributions serve as a 
model that constrains the distribution of both maximum and minimum values 
derived from random observations drawn from the same arbitrary distribution 
(Abdulali et al., 2022). In this study, the GEV distribution model was employed 
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to estimate extreme rainfall and its parameters. By fitting the GEV distribution 
to observed extreme rainfall data, the distribution parameters were estimated al-
lowing for the calculation of return periods, which measure the average time 
between occurrences of extreme events that exceed a specific threshold. Return 
periods were calculated based on the probability of exceedance and then inter-
polated according to the fitted distribution. This was done to represent the av-
erage recurrence interval of an event with a certain rainfall value. This method 
has been used in previous studies (Nadarajah, 2005; Chu et al., 2013). 

2.3.3. Sequential Mann-Kendall Test 
Mann Kendall non parametric test (Mann, 1945; Kendall, 1975) was applied to 
the extreme rainfall indices to identify trends during the period from 1981 to 
2022 for general trend analysis of the data. The Mann Kendall test has been used 
in studies to understand the trends in the meteorological parameters (Nsubuga 
et al., 2011; Gocic & Trajkovic, 2013; Chinchorkar et al., 2015). The sequential 
Mann-Kendall (MK) trend test was used to detect abrupt changes in SON 
extreme rainfall trends. It graphically illustrates the forward (u(F)) and back-
ward (u(B)) trends of extreme rainfall over Uganda, which signifies increase or 
decreasing patterns respectively. 

3. Results and Discussion 
3.1. Statistical Characteristics of Extreme Rainfall Events during 

SON Season 

Figure 2 shows the number of days in the SON season when extreme rainfall  
 

 
Figure 2. Count of extreme rainfall days for each month in SON in Uganda from 1981 to 
2022 based on CHIRPS v2.0 daily rainfall dataset. 
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occurred for each month, using different extreme rainfall indices as defined by 
(Zhang et al., 2011). The count of extreme rainfall days in SON season reflects 
on the variability of extreme rainfall events. Notably, the month of October had 
the highest count across all four indices compared to September and November. 
This suggests that October received extended periods of intense and extreme 
daily rainfall events well beyond the typical 95th/99th percentiles compared to 
other SON months. To get a clear investigation of the extreme rainfall characte-
ristics, the study examined each index (rx1day, rx5days, r95p, r99p) with their 
frequency distribution and return periods within 1981-2022 SON seasons in 
Uganda. This was done to understand when certain extreme rainfall events with 
specific magnitude were likely to occur during SON season. The normal distri-
bution (Figure 3(a) and Figure 3(c)) suggests that the extreme rainfall values 
tend to be systematically distributed around the mean. 

The distribution of Rx1day during SON season (Figure 3(a)) indicates that 
most maximum daily rainfall was within 0 - 10 mm and the accumulation of 
daily rainfall for 5 consecutive days was within 0 - 35 mm. The magnitudes of 
both Rx1/Rx5days were moderate with a frequency probability exceedance of 
0.20 (20%)/0.05 (5%) respectively in 42 years. Indicating that there was a 20% 
chance of intense 1 day rainfall and 5% chance of extended periods of intense rain-
fall during SON season (1981 to 2022). Rx1day events occurred more frequently  

 

 
Figure 3. Extreme rainfall occurrences over Uganda during SON season from 1981 to 2022 based on CHIRPS dataset. 
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but with smaller magnitudes compared to Rx5days events, which occurred less 
often but with higher magnitudes. The average return period of Rx1/Rx5days 
was 1.63/3.40 years (Table 2) showing that intense 1-day rainfall (Rx1day) and 
extended periods of intense rainfall (Rx5days) occurred approximately once every 
1.63 years and 3.40 years, respectively, from 1981 to 2022. On average, records of 
prolonged intense daily rainfall events, ranging between 50 - 80 mm, were ob-
served once every 3.40 years. Regarding R95p (total daily rainfall > 95th percen-
tile), the distribution (Figure 3(c)) shows values within 20 - 30 mm with fre-
quency probability exceedance of 0.16 (16%) and 0.12 (12%), while R99p (total 
daily rainfall > 99th percentile) values were within 30 - 45 mm with frequency 
probability exceedance of 0.16 (16%) and 0.12 (12%), respectively. This shows 
that there was a 12%/16% chance of receiving extremely intense daily rainfall 
events well beyond the 95th/99th percentiles respectively. On average, extremely 
intense daily rainfall occurred approximately once every 1.58/1.47years (Table 
2) for R95/R99p respectively. Records of extreme daily rainfall events beyond the 
95th percentile, ranging between 30 - 112 mm, were observed once every 1.58 
years for the period 1981 to 2022. This indicates that such extreme daily rainfall 
events were relatively common, occurring more frequently than the prolonged 
intense daily rainfall events. 

3.2. Temporal Characteristics of Extreme Rainfall Events during 
SON Season 

The long-term temporal distribution was presented in (Figure 4) using standar-
dized anomalies to measure how much extreme rainfall in a given year differs 
from what is considered normal. Rainfall extremes were categorized as either 
above or below normal based on these anomalies. If the standardized anomaly 
value was ≥+1, it meant the extreme rainfall was above normal (higher than the 
long-term average). Conversely, values ≤ +1 indicated extreme rainfall below the 
long-term average. The severity of extreme rainfall was determined by the de-
parture of its anomaly from a threshold value of +1. The same criteria was used 
in previous studies on extreme rainfall analysis (Seleshi & Zanke, 2004; Jury, 
2018; Ongoma et al., 2018; Oo et al., 2023). The long-term analysis reveals that 
the variability in extreme rainfall during the SON season in Uganda changed 
each year and some years experienced more intense and extreme daily rainfall 
compared to others. Notable peaks in R95p (Figure 4(c)) were observed in 1993, 
2005, and 2006. For R99p (Figure 4(d)), exceptionally high values of daily rainfall  

 
Table 2. Mean, standard deviation and average return period of extreme rainfall during 
SON based on CHIRPSv2.0 from 1981 to 2022. 

 Rx1day Rx5days R95p R99p 

Mean 3.79 18.95 28.14 41.17 

St.dev 5.35 15.52 8.52 10.81 

Av. Return period (years) 1.63 3.40 1.58 1.47 
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Figure 4. Temporal distribution of extreme rainfall during SON season based on CHIRPS (1981 to 2022). (a) and 
(b) Rx1day and Rx5days, (c) and (d) R95p and R99p. The corresponding trendlines and equations are displayed 
on all figures. 

 
exceeding the 99th percentile occurred in 1984, 1990, 1993, 1995, 2005, and 2009, 
in the past four decades. Regarding Rx1day and Rx5days (Figure 4(a) and Fig-
ure 4(b)), the years 1989, 1997, 2006, 2011, 2012, 2017, 2019, and 2020 stood out 
with extremely high anomaly values (≥1), indicating intense and prolonged daily 
rainfall during the SON season. Similar results by Ogwang et al. (2016a) on ex-
treme rainfall over Uganda and Kenya that highlighted an increase in the inten-
sity of extreme rainfall events in the recent past, specifically from the late 1980s 
and early 1990s onwards, particularly those categorized as above normal. Overall 
Uganda has experienced intense and extreme daily rainfall events in the past 
years during the SON season. 

Trend Analysis 
The trendlines in Figure 4 suggested a slight increase in intense daily rainfall 
events, as indicated by slope magnitude values of 0.01 for Rx1day, Rx5days, and 
R95p. However, R99p shows no discernible trend with a slope of 0.00. To assess 
the significance of these trends, a Mann-Kendall test was used and the results 
(Table 3) indicated that these trends were not statistically significant, as the 
p-values consistently exceeded 0.05. The Z-statistic and Kendall’s tau values re-
vealed weak correlations further supporting the absence of statistically signifi-
cant trends. Taking a closer look at the Mann Kendall analysis, the sequential 
Mann-Kendall (thereafter, SQMK) was employed (Figure 5) to graphically display  
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Table 3. Summary of Mann-Kendall test for SON extreme rainfall events over Uganda 
during 1981 to 2022. 

Mann-Kendall test Rx1day Rx5days R95p R99p 

Trend No trend No trend No trend No trend 

Slope −0.002 −0.005 0.005 0.018 

Z −0.173 −0.238 0.195 0.737 

Kendall’s tau −0.019 −0.027 0.022 0.080 

P value 0.862 0.811 0.845 0.461 

Alpha 0.05 0.05 0.05 0.05 

Significance NST NST NST NST 

NST: No significant trend. 
 

 
Figure 5. The sequential Mann-Kendall trend test of SON extreme rainfall over Uganda. The ut is forward trend while u'(t) is 
backward trend based on CHIRPS dataset 1981 to 2022. The upper (LL (+1.96)) and lower (LL' (−1.96)) rugged lines represent the 
confidence limits of 95%. 
 

the forward (ut) and backward (u’(t)) trends in SON extreme rainfall for 1981 to 
2022 climatology. SQMK results showed that most of the values for Rx1day, 
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R95p and R99p were lying within the confidence level except for Rx5day which 
exhibited significant trends. This suggests that the trend in prolonged intense 
daily rainfall (Rx5days) was statistically significant at the given confidence level 
of 95% (corresponding to −1.96 and +1.96) during SON season from 1981 to 
2022. Additionally, SQMK revealed the existence of abrupt changes in both (ut) 
and (u'(t)) values indicating shifts in trend direction over the period of time. 

This highlighted the variability in extreme rainfall during SON season ranging 
from trend shifts to changes in the rate of increase and decrease in extreme 
rainfall. Specifically examining Rx5day, the forward trend (ut) depicted an in-
crease after 2000s and abrupt changes in 2015 and 2017. Such variability in ex-
treme rainfall impact sectors within the country that rely on rainfall patterns. 
For instance, the variability has the potential to interrupt optimal growing con-
ditions, leading to crop failures that can have severe consequences for food secu-
rity, water resources, and overall agricultural productivity (Nsubuga et al., 2014). 

3.3. Spatial Characteristics of Extreme Rainfall Events during SON 
Season 

The observed spatial distribution shows that almost all areas in Uganda received 
extreme rainfall during the SON season for the study period. However, there 
were notable discrepancies between the extreme rainfall events, represented by 
all the indices across Uganda, with some parts of the country receiving more ex-
treme rainfall events compared to others during this season. The consistent low 
values of Rx1day (Figure 6(a)) and Rx5days (Figure 6(b)) in all decades over 
northeastern Uganda indicates that on average this region tends to receive few 
short duration daily rainfall events compared to other regions. The results in 
Figure 7 displaying the average of events with extreme rainfall having Z score > 
+1 show that northeastern Uganda received both intense short duration daily 
rainfall (Figure 7(a) and Figure 7(b)) and extreme daily rainfall (Figure 7(c) 
and Figure 7(d)) for all the decades compared to other regions. Moreover, the 
frequency of these events in this region (Figures 8(a)-(d)), further reveals that 
on average, they occurred between 15% - 30% of the study period 1981 to 2022. 
This implies that the area relatively had low occurrences of short/5-day duration 
heavy rainfall events, however, these events were very intense and extreme 
across all decades. Despite this, northeastern Uganda exhibited high values for 
total rainfall days exceeding the 95th and 99th percentiles. While the northeastern 
Uganda may not frequently experience intense rainfall over short or extended 
period of time, when extreme rainfall events occur, they contribute significantly 
to the total rainfall in the region. The findings align with Egeru et al.’s (2014) 
study, which identified significant spatial variability shifts leading to increased 
wetness in northeastern Uganda. The heightened rainfall during the 1997/98 
rainy season, particularly in April, November, and December, was noted. The 
study attributed this shift to the intensification of the dipole rainfall pattern over 
Eastern Africa and projected further variability with increased wetness in the re-
gion from 2010 to 2039. Considering the region’s semi-arid climatic conditions  
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Figure 6. Decadal daily extreme rainfall spatial distribution during SON season over Uganda based on CHIRPS 1981 to 2022. (a) 
Rx1day, (b) Rx5days, (c) R95p and (b) R99p. 

 
and susceptibility to drought, the observed rise in wetness implies a noteworthy 
climate shift in this area. 

Eastern, Western, and areas around Lake Victoria, exhibited moderate to high 
values for both short and prolonged intense daily rainfall, (Figure 6(a) and Fig-
ure 6(b)) across all four decades, where Eastern Uganda stood out as a region 
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with the highest values of historical extreme rainfall events (Figure 6(c) and 
Figure 6(d)). Moreover, the observed high values of the R95 and R99p indices 
(Figure 6(c) and Figure 6(d)) across these regions showed an increase in the 
amount of daily extreme rainfall ranging from 45 - 60 mm during the recent 
decade. This indicates a notable surge in daily extreme rainfall events, specifical-
ly those surpassing the 95th and 99th percentiles over these regions. Meanwhile, 
the intensity (Figure 7(a) and Figure 7(b)) and frequency (Figure 8(a) and 
Figure 8(b)) clearly portrays the occurrence of these events increased up to 40%  

 

 
Figure 7. Intensity of extreme rainfall in SON season displayed in decades from 1981 to 2022 expressed as the average of values 
with Z score > +1. (a) Rx1day, (b) Rx5days, (c) R95p and (b) R99p. 
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Figure 8. Frequency of extreme rainfall in SON season displayed in decades from 1981 to 2022 expressed as the percentage of 
values with Z score > +1. (a) Rx1day, (b) Rx5days, (c) R95p and (b) R99p. 

 
during SON in Eastern Uganda compared to other regions. Similarly, areas 
around Lake Victoria, the findings reveal a surge in the intensity (Figure 7) and 
frequency (Figure 8) of extreme rainfall for all indices in the recent decade. The 
frequency increased from 30% - 60% occurrence in SON season. This aligns 
with the findings of (Kizza et al., 2009), where positive increase in rainfall was 
observed at most stations along Lake Victoria. The increase has been attributed 
to the existence of a quasi-permanent trough that occurs over the Lake and 
land-lake-thermal contrast which favors convection (Ogwang et al., 2012). The 
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increase in occurrence of extreme events, as illustrated in Figure 8(c), around 
Lake Victoria can also be attributed to thunderstorms and rainfall displaying a 
distinct diurnal cycle, with convective activity peaking at night and being sup-
pressed during the daytime (Thiery et al., 2017). The significant rise during the 
2011 to 2022 decade suggests an intensification and frequency of short-term 
and prolonged intense rainfall events in these areas during SON season. The 
observed increase in both intense rainfall events and extreme rainfall indices 
aligns with broader patterns associated with climate variability in Uganda as 
discussed by (Nsubuga & Rautenbach, 2018). This increase gave rise to in-
creased runoff and flooding. The International Monetary Fund Uganda coun-
try report mentioned that over the last four decades, spanning from 1985 to 
2021, floods have been the predominant natural disasters in Uganda, consti-
tuting a significant majority (55%) of such incidents (IMF, 2022). These floods 
encompassed both flash floods and slow-onset floods and were particularly pre-
valent in urban areas, low-lying regions, and areas situated along riverbanks and 
swamplands. 

Regarding, southwestern Uganda, a consistent reduction was observed in ex-
treme rainfall for almost all indices (Figure 6). The intensity (Figure 7(c) and 
Figure 7(d)) and frequency (Figure 8(c) and Figure 8(d)) of extreme daily 
rainfall reduced since 1981 over this region. This suggests a potential decline in 
the recorded extreme rainfall events in the region over the long term. The ob-
served decrease in this region was mentioned by Ogwang et al. (2012) and Ngo-
ma et al. (2021a) in their studies. Despite the overall trend of decreasing extreme 
rainfall in southwestern Uganda, a noteworthy exception is observed in the most 
recent decade (2011-2022) where there was a slight increase in the intensity of 
extreme rainfall, (Figure 7(c)). Similar observations by Diem et al. (2019) 
showed a greater increase in rainfall intensity during the SON season compared to 
the MAM season in southwestern Uganda. The increase was attributed to changes 
in the middle-troposphere conditions and lower-troposphere flow, which influ-
ence the duration, intensity, and overall characteristics of rainfall over Western 
Uganda. Such changes may encompass variations in temperature, humidity, and 
atmospheric pressure. 

Overall, there was an observed reduction in extreme rainfall recorded in 
Uganda during the third decade (2001-2010) when compared to the initial dec-
ades (1981 to1990 and 1991 to 2000) suggesting a period of relatively lower ob-
servations of extreme rainfall events for SON season during the early 2000s 
compared to the 1980/1990s. Contrary to the trend observed in the third decade, 
the recent decade (2011 to 2022) recorded an increase in extreme rainfall across 
all indices. This indicates that there was a shift in rainfall patterns during the re-
cent years, deviating from the overall decreasing trend seen in previous decades. 
The above spatial analysis portrayed evident variations in both temporal and 
spatial distribution of extreme rainfall during SON over Uganda for the period 
1981 to 2022. 
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4. Conclusion 

The study analyzed extreme rainfall events from mean rainfall of 20 weather sta-
tions across Uganda during the SON season from 1981 to 2022 based on 
CHIRPS-v2 datasets. The motivation behind this research lies in the growing 
importance of understanding the historical characteristics of extreme rainfall 
events in Uganda, particularly in regions vulnerable to such occurrences. The 
analysis of statistical characteristics showed that intense 1-day rainfall (Rx1day) 
and extended periods of intense rainfall (Rx5days) occurred approximately once 
every 1.63 years and 3.40 years, respectively. Similarly, extremely wet days (R95p 
and R99p) occurred approximately once every 1.58 years and 1.47 years, respec-
tively. October was revealed to be the month with most extreme rainfall events 
compared to September and November. The temporal analysis indicated varia-
bility in extreme rainfall events, with notable peaks in certain years. Despite the 
observed peaks, the trends were not statistically significant, with weak correla-
tions and p-values consistently exceeding 0.05 significant level. However, the 
Sequential Mann-Kendall analysis highlighted significant trends in prolonged 
periods of intense daily rainfall (Rx5days) after the 2000s with abrupt changes in 
2015 and 2017, emphasizing the variability in extreme rainfall over the study pe-
riod. The spatial analysis revealed a complex and region-specific pattern in ex-
treme rainfall events across Uganda. While most areas experienced extreme 
rainfall during the SON season, there were notable differences in the frequency 
and intensity of events. Eastern Uganda and areas around Lake Victoria exhi-
bited high values for both short and prolonged intense daily rainfall, with a surge 
in extreme events during the recent decade. Conversely, southwestern Uganda 
showed a consistent reduction in extreme rainfall over the years, with a slight 
increase in the most recent decade, indicating a shift in rainfall patterns. Overall, 
the results highlight a complex and dynamic situation in Uganda’s rainfall pat-
terns particularly in terms of extreme rainfall during SON season. As the ex-
treme rainfall patterns are subject to change, incorporating climate models and 
projections in future research could provide a comprehensive understanding of 
the future behavior of extreme rainfall events in Uganda during SON. It is im-
portant to consider both the frequency and intensity of events when assessing 
the overall extreme rainfall regime in a particular area and the socioeconomic 
impact. 

The study’s findings have significant applications in seasonal extreme rainfall 
monitoring and prediction particularly for vital sectors in Uganda. Furthermore, 
the study contributes valuable insights for water resource management, disaster 
preparedness, and enhanced seasonal forecasting, aiming to fortify Uganda’s re-
silience and promote sustainable development amid changing weather patterns. 
The study recommends that more resources should be allocated to increasing 
public awareness, improving early warning systems and enhancing emergency 
preparedness to mitigate the impact of extreme rainfall events, especially in re-
gions experiencing increasing intensity. 
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