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Abstract 

The study evaluates the projected changes in 

precipitation extremes over the Ogun-Osun 

River basin. The study was carried out using the 

ensemble mean of selected CORDEX models. 

Precipitation extremes were detected using 

indices such as the Annual total wet-day 

(prcptot), consecutive wet days (CWD), 

consecutive dry days (CDD), Total annual RR 

from very heavy rain days (R99p), Total annual 

RR from heavy rain days (R95p), Number of 

heavy rain days (R10mm). These indices were 

computed for both the historical (1979 - 2005) 

and the projection periods (2030–2070) under 

the RCP4.5 and RCP8.5 scenarios. The results 

show an increase in the extremes for the 

projection period with more severity under the 

RCP8.5 scenario. It can be deduced from the 

analysis that the projection periods are 

expected to have increased frequency of flash 

flood and drought occurrence.  

 

Introduction 

In recent decades, there has been an increase in 

the frequency, intensity and extent of the 

impact of natural disasters on the environment 

which is a concern to many nations. In many 

West African countries, there has been an 

increase in the frequency of flood events, which 

has been attributed to climate change, leading 

to the loss of human lives and properties 

(Seydou et al, 2023). For the California drought 

(2012-2014), Mao et al. (2015) reported that 

warmer temperatures greatly influence river 

discharge while Williams et al. (2015) stated 

that increasing temperature escalates drought 

conditions. Over the Colorado Basin, Vano et 

al. (2012) reported that warmer temperatures 

reduce the discharge from Colorado River. 

Conversely, Reynolds et al. (2015) 

reported that the drying frequencies 

of intermittent streams in that basin 

are caused by changes occurring in both 

temperature and precipitation.  

At a regional scale, significant 

correlations have been observed 

between monthly mean temperature and 

precipitation in Europe and North 

America (Madden & Williams 1978). 

Rusticucci & Penalba (2000) established a 

positive correlation between warm summers 

and low precipitation in the north-eastern and 
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central-western parts of Argentina, Paraguay 

and southern Chile. They further reported a 

significant and positive correlation between 

precipitation and temperature in the coastal 

parts of Chile especially between May and 

September as a result of high sea surface 

temperature which favours convection. 

Nicholls (2004) reported increased potential 

evaporation as a result of higher mean values of 

maximum and minimum temperatures, thereby 

enhancing the severity of the 2002 Australian 

drought. 

Over Ghana, Neumann et al. (2007) showed an 

increase of almost 0.3 oC/decade in the near-

surface temperature during both wet and dry 

seasons in the past three decades. Likewise, 

Adeyeri et al. (2019a) noted a significant 

positive trend in annual total rainfall, number of 

consecutive dry days, warm spell duration, 

warm day-, and warm night frequencies over 

the Komadougou-Yobe Basin (KYB). They 

also projected more frequent extreme 

precipitation and temperature events in the 

future. Adeyeri et al. (2019b) observed an 

increasing trend in annual precipitation and 

river discharge over the KYB between 1971 

and 2013.  Abiodun et al. (2017) examined the 

impacts of climate change on characteristics of 

extreme precipitation events over four African 

coastal cities under two future emission 

scenarios (RCP4.5 and RCP8.5). They reported 

an increase in dry spells and a decrease in wet 

days over the four cities in the future (2031–

2065).  

Previous studies have shown difficulty of 

GCMs in accounting for the impact of the 

complex topography on synoptic-scale features 

and mesoscale atmospheric systems that favour 

extreme precipitation due to the coarse spatial 

resolution of the GCM simulations and 

projections (Mason and Joubert, 1997; 

Shongwe et al. 2009). To bridge this gap 

between large scale and local scale, several 

studies have downscaled GCM projections with 

RCMs (e.g. Engelbrecht et al., 2009; Klutse et 

al., 2014; Dieng et al., 2017, Adeyeri et al., 

2020a). 

Regardless of this development, only a few 

studies have utilised the CORDEX dataset in 

providing multi-RCM future projections for 

climate extremes in Africa e.g. on precipitation 

extremes over Southern Africa (Pinto et al., 

2016).  

Furthermore, the use of extreme indices for 

climate extremes analysis is based on the 

exceeding threshold or probability of 

occurrence of a given variable. Results from 

various studies in Africa (e.g. Ly et al., 2013; 

Abatan et al., 2017a; Adeyeri et al., 2019b) 

showed no uniform pattern in the trend of 

annual precipitation as it depends on the 

locality. Overall, the different patterns of the 

above results encourage continuing analysing 

the climate extremes for several spatial scales 

(e.g. the regional-, local-, or watershed scale). 

Okogbue et al. (2021) analysed the drainage 

morphometry and land use/land cover 

Dynamics of the of the ogun-osun River basin 

and observed from the stream frequency, 

infiltration number, drainage density analysis, 

the potential for surface runoff, flood and 

erosion differ across the basin.  

To proffer solutions to the problems associated 

with water resources management within the 

Osun-Ogun River Basin (ORB), there is need 

to understand the relationship between these 

variables at the basin’s scale since the spatio-

temporal behaviour of precipitation depend on 

the regional and local forcings.  Therefore, this 

study seeks to improve the understanding of the 

relationships in the observed trends of 

precipitation over the ORB between 1979 and 

2019. Our approaches include trend analyses at 

both temporal and spatial scales, correlation 
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and wavelet analyses among the variables. 

Furthermore, the trends in extreme rainfall 

indices in the ORB are examined using the 

observations (1979–2017), regional climate 

model simulations for the past (1979–2005) 

and the future projection (2030–2070). 

2 Data and Methodology 

The Ogun-Osun River Basin, situated in 

southwestern Nigeria, is a crucial geographical 

and socioeconomic region spanning five states. 

It is characterized by a network of rivers, 

primarily the Ogun and Osun rivers. The 

tropical climate, with distinct rainy and dry 

seasons, influences water availability and the 

region's ecosystems, affecting the distribution 

of plant and animal species (Longe et al, 2010). 

The analyses utilized ERA 5 daily maximum 

temperature, minimum temperature and rainfall 

from 1979 to 2019 archived by the European 

Centre for Medium-Range Weather Forecasts 

with a resolution of 0.250. Although, the 

uncertainties associated with climate change 

impact assessment on extreme indices cannot 

be under-emphasised. This includes GCM and 

RCM configurations and RCP scenarios. 

However, in this study, the uncertainty range is 

minimized by analysing the model ensemble 

mean of CORDEX data comprising of eight 

GCMs (Table 2) dynamically downscaled by 

one RCM, i.e. the RCA4 (Swedish 

Meteorological and Hydrological Institute-

Rossby Centre Atmosphere model version 4) 

which has a resolution of 0.44° × 0.44°. This is 

used for the future projection (2030–2070) 

under two representative concentration 

pathways (RCP 4.5 and RCP 8.5) while the 

simulated historical was between 1979 and 

2005. This RCM is chosen due to its 

performance over West Africa and particularly 

its ability to adequately reproduce West Africa 

rainfall regimes (Akinsanola et al., 2017; Yira 

et al., 2017; Adeyeri et al., 2019a).  

 

In this regard, six precipitation indices (Table 

1), namely number of heavy rain days when 

rainfall is at least 10mm (R10mm), consecutive 

dry days (cdd), consecutive wet days (cwd), 

amount of rainfall from very wet days (r95p), 

amount of rainfall from extremely wet days 

(r99p), and annual total rainfall (prcptot) have 

been analysed for these periods. 
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Table 1: List of GCMs used as boundary conditions for the Rossby Centre Regional Atmospheric 

(RCA) model 

S/N         Modelling Centre GCM 

1 

Canadian Centre for Climate Modelling and Analysis 

 

CanESM2 

2 

Centre National de Recherches Météorologiques/Centre Européen de 

Recherche et Formation Avancée en Calcul Scientifique 

CNRM-

CM5 

3 EC-EARTH consortium EC-EARTH 

4 

NOAA Geophysical Fluid Dynamics Laboratory 

 

GFDL-

ESM2M 

5 Met Office Hadley Centre 

HadGEM2-

ES 

6 

Atmosphere and Ocean Research Institute (The University of Tokyo), National 

Institute for Environmental Studies and Japan Agency for Marine-Earth 

Science and Technology 

MIROC5 

7 Max Planck Institute for Meteorology 

MPI-ESM-

LR 

8 Norwegian Climate Centre 

NorESM1-

M 
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Table 2: Climate indices used below 

 

 

 

Short name Long name Definition Description Unit 

R10mm Number of 

heavy rain 

days 

Number of days when 

RR >= 10mm 

Days when rainfall 

is at least 10mm 

days/decade 

CWD 

 

 

Consecutive 

Wet Days 

Maximum annual 

number of consecutive 

wet days (when RR>= 

1mm 

The longest wet 

spell 

days/decade 

R95p Total annual 

RR from 

heavy rain 

days 

Annual sum of daily PR 

> 95th 

Percentile 

Amount of rainfall 

from very 

wet days 

mm/decade 

R99p Total annual 

RR from very 

heavy rain 

days 

Annual sum of daily PR 

> 99th 

Percentile 

Amount of rainfall 

from extremely 

wet days 

mm/decade 

PRCPTOT Annual total 

wet-day 

RR 

Sum of daily PR >= 1.0 

mm 

Total wet-day 

rainfall 

mm/decade 

CDD Consecutive  

Dry Days 

Maximum annual 

number of consecutive 

dry days (when RR < 

1mm 

The longest dry 

spell 

days/decade 
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Bias correction (BC) minimizes 

discrepancies between observed and 

simulated climate variables. The GCM 

models ensemble was bias corrected 

as described in Amengual et al., 

2012 and Adeyeri et al., 2019a. 

The modified Mann-Kendall (mMK) 

trend test as described in Adeyeri 

et al. (2017) was used to analyze 

the trend of the climatic variables 

and the magnitude of the trend is 

estimated using the Theil and Sen's 

slope estimator.  

3 Results 

3.1 Climatology of the Basin 

Figure 1 shows the climatological 

mean for the daily precipitation 

values. The daily climatological 

mean over the study area generally 

ranges between 1 and 6 mm/day over 

40 years.  The southeastern part of 

the basin records higher magnitude 

between 4 to 6 mm/day while the 

northern region averages 1-3 

mm/day. The spatial distribution of 

the daily mean minimum temperature 

climatology shows the northern 

region having daily average values 

of 21oC to 23oC and values greater 

than 25oC in the southern region 

while the mean maximum daily 

temperature a northern maximum with 

value greater than 30oC and 28oC in 

the Southern part 

 

Figure 1: Spatial climatological mean for daily Rainfall (mm) 
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The trend analysis shows   an increasing 

trend of 0.02 0C/year in both Tmax and 

Tmin (Figure 2) with an average increase of 

0.5oC is observed in both maximum and 

minimum temperature between 1980 and 

2020.  Conversely, a decreasing trend of 

2.65 mm/year in rainfall across the basin 

(Figure 3).  

Figure 2: Annual trend of Areal Tmax and Tmin 

 

Figure 3: Annual trend of Areal Rainfall 

 

3.2 Climate Indices This section explains the results of the 

different climate indices chosen for this 

study. 
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3.2.1 Historical Period 

Consecutive Dry Days (CDD) and 

Consecutive Wet Days (CWD) 

Figure 4 shows the climatological mean and 

trend of the consecutive dry days (CDD) 

and consecutive wet days (CWD) in the 

basin. The climatological mean for the 

CDD ranges from 15 to 115 days, between 

1979 and 2019, while lowest values of 

between 15 and 35 days are located at the 

southern part of the basin. The northern 

edge of the basin has the highest values. 

Conversely, the lowest values of the CWD 

is located at the northern part of the basin. 

Furthermore, the trend of the CDD 

increases between 0 to 10 days/ decade. 

However, the most increase is at the 

northern part of the basin with 10 

days/decade while the southern part 

increases between 0 to 2 days/decade. The 

CWD trend on the other hand ranges 

between -10 to 1 day/decade. The most 

decrease is located at the southern part of 

the basin. Also, the trends in CDD and 

CWD are significant at 95% confidence 

level in most parts of the basin (4 e and f). 

The decreasing trend observed for the 

CWD implies reduced frequency of flood 

occurrence during the historical period in 

the region. Prolonged dry spells could result 

due to observed increasing trend of CDD in 

reduced river flow and lower groundwater 

levels, causing water scarcity for both 

humans and wildlife. This has also led to 

drought conditions, which have negatively 

impacted agriculture and food security 

(Eltahir and Gong, 2002).   
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Figure 4: Climatological mean (a and b), 

trend (c and d) and trend significance (e and 

f) in CDD and CWD in the basin 

Total annual rainfall from heavy rain 

days (R95p) and Total annual rainfall 

from very heavy rain days (R99p) 

Figure 5 shows the climatological mean and 

trend of the total annual rainfall from heavy 

rain days (R95p) and total annual rainfall 

from very heavy rain days (R99p) in the 

basin. 

 The climatological mean for the R95p 

ranges from 200 to 550 mm between 1979 

and 2019 while lowest values of between 

200 and 250 mm are located at the northern 

part of the basin.  Similarly, the lowest 

values of the R99p is located at the northern 

part of the basin. Furthermore, the trend of 

the R95p increases generally in the basin 

except for some little parts in the middle of 

the basin (-10 mm/decade). The generally 

increasing trend is between 50 to 60 

mm/decade. Similarly, the R99p trend 

increases between 0 and 60 mm/decade in 

most parts of the basin. Although there is a 

similarity in the quantity of R95p and R99p, 

however, the spatial distribution is 

different. Also, there is a mixture of 

significant and non-significant trends in 

R95p in the basin. However, the R99p 

trends are significant at 95% confidence 

level in most parts of the basin (5 e and f). 

The increasing trend of the R95p and R99p 

suggests that the area increased rainfall 

from heavy rain days can lead to increased 

flooding in the Ogun-Osun River Basin, 

with negative impacts on infrastructure, 

agriculture, and human communities  
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Figure 5: Climatological mean (a and b), trend (c and d) and trend significance (e and f) in 

R95p and R99p in the basin 

Number of Heavy Rain Days (r10mm) 

and Total Wet Day Rainfall (prcptot) 

Figure 6 shows the climatological mean and 

trend of the number of heavy rain days 

(r10mm) and total wet day rainfall (prcptot) 

in the basin. 

 The climatological mean for r10mm ranges 

from 20 to 70 days between 1979 and 2019 

while the lowest values of between 20 and 

35 mm are located at the northern part of the 

basin. The southern part of the basin has the 

highest values of between 50 to 70 mm. 

Similarly, the lowest values of the prcptot 

are located in the northern part of the basin. 

The values of prcptot increases from 

800mm in the northern part to 2300mm in 

the southern part. Additionally, the trend of 

the r10mm increases generally in the 

northern part of the basin with values 

between 0 and 1 mm/decade. However, the 

southern part is a predominantly negative 

trend. There is a generally decreasing trend 

of prcptot in the basin. However, the most 

northern part has an increasing trend of 

between 0 and 10 mm/decade. 

Also, there is a predominant significant 

trend of r10mm in the southern part of the 

basin, however, prcptot trend is generally 

significant in most parts of the basin (6 e 

and f). This can be associated to the 

observed decrease in the CWD and 

observed general decrease in precipitation 

trend over the region. The increasing trend 

in the northern part suggests the area is 

prone to flash flood occurrences especially 

the Southern  part of the region.  
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Figure 6: Climatological mean (a and b), 

trend (c and d) and trend significance (e and 

f) in r10mm and prcptot in the basin 

3.2.2 Projection 

Table 3 presents the validation results of the 

bias-corrected CORDEX and uncorrected 

CORDEX for the entire basin. The bias-

corrected CORDEX performed better than 

the uncorrected CORDEX in reproducing 

the trends of the climate indices for the 

validation period between 1979 and 2005. 

It is also able to capture the significant 

observed direction and magnitude in the 

indices. This provides the basis and 

confidence in using the bias correction 

method for future projections. 

Table 2: Basin-scale trend of indices for 

the validation period from observed 

data, bias-corrected CORDEX and raw 

CORDEX between 1979 and 2005. Bold 

values represent a significant change in 

trend at 95% confidence interval 

 Indices 

 Cdd cwd r95p r99p r10mm prcptot 

Validation period       
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Slope 0.5 -0.6 -0.3 0.9 -0.4 -10.0 

Bias-Corrected CORDEX 

Slope 0.7 -0.5 -0.5 1.2 -0.4 -8.8 

RMSE 0.2 0.1 0.2 0.3 0 1.2 

MSE 0.04 0.01 0.04 0.09 0 1.44 

PBIAS 40 -16.7 66.7 33.3 0 -12 

Uncorrected CORDEX 

Slope 1.3 -0.1 4.8 2.5 -0.2 -2 

RMSE 0.8 0.5 5.1 1.6 0.2 8 

MSE 0.64 0.25 26.01 2.56 0.04 64 

PBIAS 160 -83.3 -1700 177.8 -50 -80 

RMSE is the root mean square error, MSE is the mean square error and PBIAS is the percentage 

bias 

Indices under RCP 4.5 

Consecutive Dry Days (CDD) and 

Consecutive Wet Days (CWD) 

Figure 7 shows the climatological mean and 

trend of the consecutive dry days (CDD) 

and consecutive wet days (CWD) in the 

basin. The climatological mean for the 

CDD ranges from 10 to 190 days between 

2030 and 2070. This is an increment of 

between 5 and 75 days from the historical 

period.  The lowest values of between 10 

and 40 days are located at the southern part 

of the basin while the northern edge of the 

basin has the highest values. Conversely, 

the lowest values of the CWD are located at 

the northern part of the basin. CWD for the 

entire basin ranges between 10 and 220 

days. Furthermore, the trend of the CDD 

varies between 2 to 4 days/ decade. The 

most increasing trends are found at the 

northern part of the basin with values 

between 0 and 4 days/decade. There is a 

generally increasing trend of CWD in the 

basin. The CWD trend values range from -

22 to 4 days/decade. Both projected 

temperature increase and precipitation 

decrease under this scenario contributed 

greatly to the increase in the CDD index. 
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Also, the trends in CDD and CWD are most 

significant at 95% confidence level 

throughout the basin 7 e and f). Projected 

increasing trends in consecutive dry days 

(CDD) and consecutive wet days (CWD) 

can have significant impacts on flood 

occurrence in the river basin. Increasing 

CWD can lead to an increase in the 

frequency and intensity of heavy 

precipitation events, which can result in 

increased runoff and flash flooding in the 

basin. The study also found that increasing 

CWD can cause rivers and streams to rise, 

leading to an increased risk of riverine 

flooding. 

 

 

Figure 7: Climatological mean (a and b), 

trend (c and d) and trend significance (e and 

f) in CDD and CWD in the basin 

Total annual rainfall from heavy rain 

days (R95p) and Total annual rainfall 

from very heavy rain days (R99p) 

Figure 8 shows the climatological mean and 

trend of the total annual rainfall from heavy 

rain days (R95p) and total annual rainfall 

from very heavy rain days (R99p) in the 

basin. 

 The climatological mean for the R95p 

ranges from 300 to 800 mm between 2030 

and 2070. This is an increment of between 

100 to 250 mm from the historical period. 
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However, the lowest values are located in 

the northern part of the basin. The values 

for R99p range between 100 and 400 mm. 

Furthermore, the trend of the R95p 

decreases generally in the basin except for 

some little parts in the middle of the basin 

(0 - 10 mm/decade). The generally 

decreasing trend is between -100 to -10 

mm/decade. Similarly, the R99p trend 

increases between 0 and 30 mm/decade in 

most parts of the basin. There is a reduction 

in the magnitude of the trend compared to 

the historical period. Also, the R95p trend 

is most significant for the basin. A mixture 

of both significant and non-significant trend 

is observed in the basin (8 e and f). The 

climatological impact of the projected trend 

on the river basin is similar to the 

climatological impact that the CWD and 

CDD increasing trend are suggested to have 

(i.e increased risk of flooding occurrence).  

 

Figure 8: Climatological mean (a and b), 

trend (c and d) and trend significance (e and 

f) in R95p and R99p in the basin 

Number of Heavy Rain Days (r10mm) 

and Total Wet Day Rainfall (prcptot) 

Figure 9 shows the climatological mean and 

trend of the number of heavy rain days 

(r10mm) and total wet day rainfall (prcptot) 

in the basin. 

 The climatological mean for r10mm ranges 

from 20 to 90 days between 2030 and 2050. 

This is an increment of 20mm in the upper 
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bound from the historical period. The 

southern part of the basin has the highest 

values of between 50 to 90 mm. Similarly, 

the lowest values of the PRCPTOT are 

located at the northern part of the basin. The 

values of PRCPTOT increase from 900mm 

in the northern part to 2400mm in the 

southern part. This is also an increment of 

100mm from the historical period. 

Additionally, the trend of the r10mm 

decreases generally in the entire basin with 

values between -1 and -8 mm/decade. There 

is a generally decreasing trend of 

PRCPTOT in the basin with values between 

-120 and -20 mm/decade. Also, there is a 

predominant significant trend of r10mm in 

the basin, however, PRCPTOT trend is 

generally significant in the northern parts of 

the basin (9 e and f). This suggests that 

extreme precipitation events over the region 

will very likely become more intense and 

more frequent during the projection period  

 

 

Figure 9: Climatological mean (a and b), 

trend (c and d) and trend significance (e and 

f) in r10mm and prcptot in the basin 

Indices under RCP 8.5 

Consecutive Dry Days (CDD) and 

Consecutive Wet Days (CWD) 

Figure 10 shows the climatological mean 

and trend of the consecutive dry days 

(CDD) and consecutive wet days (CWD) in 

the basin. The climatological mean for the 
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CDD ranges from 10 to 160 days between 

2030 and 2070 under RCP 8.5. This is +45 

and +60 days in the upper bounds from the 

historical period and future period under 

RCP 4.5 respectively.  The lowest values of 

between 10 and 60 days are located at the 

southern part of the basin while the northern 

edge of the basin has the highest values. 

Contrariwise, the lowest values of the CWD 

are located at the northern part of the basin. 

CWD for the entire basin ranges between 

10 and 250 mm. Furthermore, the trend of 

the CDD varies between -18 to 10 days/ 

decade. This is a slightly increasing trend 

compared to RCP 4.5. However, the most 

increasing trends are located at the northern 

part of the basin with values between 0 and 

10 days/decade. There is a generally 

decreasing trend of CWD with values 

between -18 and 0 days/decade. Also, the 

trends in CDD and CWD are most 

significant at 95% confidence level 

throughout the basin (7 e and f). 

 

Figure 10: Climatological mean (a and b), trend (c and d) and trend significance (e and f) in 

CDD and CWD in the basin 

Total annual rainfall from heavy rain 

days (R95p) and Total annual rainfall 

from very heavy rain days (R99p) 

Figure 11 shows the climatological mean 

and trend of the total annual rainfall from 

heavy rain days (R95p) and total annual 

rainfall from very heavy rain days (R99p) 

in the basin. 

 The climatological mean for the R95p 

ranges from 300 to 800 mm between 2030 

and 2070 under RCP 8.5. This is an 
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increment of between 100 to 250 mm from 

the historical period. However, the lowest 

values are located in the northern part of the 

basin. The values for R99p range between 

100 and 400 mm. Furthermore, there is a 

mixed trend of R95p in the basin. However, 

trend values of between -10 and 40 

mm/decade are recorded in most parts of 

the basin. Similarly, the R99p trend 

increases between 0 and 40 mm/decade in 

most parts of the basin. There is an 

increment in the magnitude of the trend 

compared to the future projection under 

RCP 4.5. Also, there is a mixed 

representation of significant and non-

significant trends of R95p and R99p for the 

basin (11 e and f). 

 

 

Figure 11: Climatological mean (a and b), 

trend (c and d) and trend significance (e and 

f) in R95p and R99p in the basin 

Number of Heavy Rain Days (r10mm) 

and Total Wet Day Rainfall (prcptot) 

Figure 12 shows the climatological mean 

and trend of the number of heavy rain days 

(r10mm) and total wet day rainfall (prcptot) 

in the basin. 

 The climatological mean for r10mm ranges 

from 25 to 80 mm between 2030 and 2050 

under RCP 8.5. This is a decrease of 10mm 

in the upper bound from the projection 

period under RCP 4.5. The southern part of 
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the basin has the highest values of between 

50 to 80 mm. Similarly, the lowest values 

of the prcptot are located in the northern 

part of the basin. The values of prcptot 

increase from 1000mm in the northern part 

to 2200mm in the southern part. Although 

the lower bound increases by 100 mm, the 

upper bound also decreases by 100 mm. 

Moreover, the trend of the r10mm 

decreases generally in the entire basin with 

values between -1 and -7 mm/decade. There 

is a generally decreasing trend of prcptot in 

the basin with values between -100 and -20 

mm/decade. Although, some patches of the 

southern part of the basin records 

increasing trends up to 20 mm/decade. 

Also, there is a predominant significant 

trend of r10mm and prcptot in the basin, (12 

e and f). 

 

 

Figure 12: Climatological mean (a and b), 

trend (c and d) and trend significance (e and 

f) in r10mm and prcptot in the basin 

Conclusion 

 Precipitation over the study area 

during the historical period shows a 

decreasing trend in response to climate 

change. This does affect the changes in 

precipitation extremes over the region. The 

changes were observed to vary spatially 

during the historical baseline period. The 

combination of the increasing trend of the 

consecutive dry days index and decreasing 

trend of consecutive wet days signifies the 

ORB being susceptible to drought 
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occurrence during the historical period. The 

total annual rainfall from both heavy and 

very heavy days shows a higher trend 

increase in the Southern part of the basin 

and the Northern part of the basin shows a 

lower trend increase in the Northern region. 

This could potentially lead to increased run-

off in the river basin and enhance the risk of 

flooding in the region especially the 

southern part of the region. The same 

spatial variation in the trend change is 

observed for the Number of heavy rain days 

and the total wet days during the historical 

baseline period.  

 Over the projection periods under 

both scenarios increasing trend of 

consecutive dry days, R99p and total annual 

rainfall signifies a more intense rainfall 

over reduced number of days. This thus 

makes the region susceptible to flash flood 

occurrence over the basin. Also, the 

decreasing trend observed for the r10mm 

and prcptot indices suggests that the basin 

is susceptible to increased frequency of 

drought occurrence over the projection 

period. While both scenarios agree to 

increased frequency of climate extremes 

over the basin, the RCP8.5 shows potential 

of more severe extreme conditions than the 

RCP4.5 scenario. 
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