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Abstract  

For a good and effective forecast of heavy rainfall/Flash flood risk over Africa, an attempt has been made to 

determine the effective threshold for the forecast of heavy rainfall/flash flood risks, using Nigeria as a case 

study. The threshold rainfall amount that qualifies a 24-hour rainfall event to be a heavy or extreme rainfall 

event over each of the cities studied for efficient weather-related disaster risk management, were made using the 

value associated with a specific percentile of the daily rainfall value. This was carried out using sets of daily 

rainfall data that varied from 30 to 40years. Simple linear regression, trend analyses, relative percentage 

occurrence, frequency and percentage contributions (intensity) of heavy rainfall to the cumulative rainfall were 

calculated and plotted. From the result, there is evidence of temporal variability on the seasonal and inter-

seasonal analyses of the HRF, such that out of 37 cities studied, 26 cities recorded an increase in the percentage 

occurrence of HRF from 1971 – 2014, 9 cities recorded a decrease while 2 cities remained relatively unchanged 

with time while 25, 9 and 3 cities out of the 37 cities showed positive, negative and unchanged trends 

respectively in the occurrence of extreme rainfall (ERF) events. Generally, the average frequency of occurrence 

of HRF and ERF showed double peaksover the south in July and September in both cases, but with the highest 

peak occurring in September and July in the case of HRF and ERF respectively, though northern cities showed 

single peaks in August in both cases of HRF and ERF. However, spatial analyses showed that the HRF and ERF 

threshold values were observed to be decreasing with latitude as we move from south to north, which is in line 

with the spatial distribution of moisture across Nigeria. Having determined the effective threshold rainfall 

amount of heavy rainfall which is the main purpose of this study, now makes the heavy rainfall/flash flood risk 

forecast very subjective and location dependent. This implies that there is now increased efficiency in the 

forecast heavy rainfall. Furthermore, the result of this study engenders better planning for effective disaster risk 

management in Africa and in Nigeria in particular. 
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INTRODUCTION 

In Africa, one of the major causes of weather 

disasters has been identified to be associated with 

heavy/extreme rainfall events. Although rainfall 

serves a great deal of purposes especially in the area 

of agriculture which is majorly rain-fed, electricity 

generation which uses hydro-electric dams, fishing, 

e.t.c., but when in heavy or extreme situations 

becomes a disaster. 

 

Rainfall can be categorized into three based on the 

severity of the rainfall event, namely, extreme 

rainfall, heavy rainfall, moderate, light and trace 

rainfall event. In order to categorize the rainfall 

amount. It has also be defined extreme rainfall events 

as 24hr accumulative rainfall exceeding a certain 

threshold which is dependent on any given location. 

This implies that threshold rainfall amount that 

constitutes heavy rainfall event over the Gulf of 

Guinea countries in West Africa cannot be the same 

as the threshold rainfall over the Sahelian countries or 

over the high grounds of the east Africa. Hence, there 

is need for an objective determination of these 

threshold for effective forecast of heavy 

rainfall/Flood forecast events in Africa.  

 

In heavy rainfall/flash flood forecasting, the 

importance of characterization of rainfall cannot be 

over emphasized as it helps in the identification and 

quantification of rain rates that can trigger flooding 

(Salack et. al., 2018).In order to determine this 

threshold; Goswami and Ramesh (2007) used a daily 

rainfall depth of 250mm as a threshold on analyzing 

vulnerability of Indian region due to extreme rainfall 

event. Bodini and Cossu (2010) used a daily rainfall 

depth of above 95
th

 percentile over certain period on 

assessing vulnerability of Central- East Sardina to 

extreme rainfall events. These are mostly location 

dependent thresholds. 

 

It has been noted that rainfall is one of the weather 

parameters affected by climate change (Lane et al., 

1999; Eruolaet al., 2012) especially in the aspect of 

its variability in frequency of occurrence, intensity 

and amount. This is because of the fact that as the 

global atmospheric temperature increases, the rate of 
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evaporation increases which in turn gives rise to 

increase in the atmospheric moisture at any given 

time which IPCC, (2007a) attributed to the emission 

of greenhouse gases mainly by 

human/anthropogenicactivities.However, with this 

increase in the atmospheric moisture, one should 

expect an increase in the amount of rainfall per unit 

time. Hence there is a growing concern to understand 

the response of heavy/extreme rainfall (HRF/ERF) 

events and its magnitude to changing climate. Across 

the globe, there are lots of studies that observed 

increases in the rainfall amount such as increase 

inextreme or heavy rainfall events (See Iwashima and 

Yamamato, 1993; Groisman et al., 1999; Brunett et 

al., 2000) while otherssuch as Osborn et al., (2000) 

observed a decreasingtrend in thefrequency of heavy 

rainfall events. However, in Africa, a few studies 

have been carried out (Olaniran, 1991; Salack et al., 

2018; Engel et al., 2017). The findings appear to be 

dependent on the geographical location of the study 

as some of the locations showed positive trends 

Olaniran,(1991) others depend on a fixed value 

irrespective of geographical locations (Ta et al., 

2016). 

 

According to Storch and Zwiers (1988), it is better to 

use extreme events to test the impacts of climate 

change rather than using the mean values. Extreme 

rainfall eventsdriven by variations in temperatures are 

among the most devastating weather phenomena 

since they are frequently followed by flash floods and 

sometimes accompanied by severe weather such as 

lightning, hail, strong surface winds and intense 

vertical wind shear(Odekunle, 2001; Fowler and 

Kilsby, 2003). 

 

In Nigeria, efforts have been made to understand the 

variability in the daily heavy rainfall across the 

country (Ayoade, 1976; Babatolu, 2014). While 

Ayoade (1976) increased the number of cities studied 

to 46,Babatolu (2014) in the study of variability and 

trends of daily heavy rainfall events observed that 

there was no pronounced trend (either increasing or 

decreasing) in both the annual rainfall amount and 

frequency of heavy rainfall (HRF) events before 1981 

but from 1981 onward, both the annual rainfall 

amount and frequency of HRF events showed an 

increasing trend.  

 

The impacts of climate change on different of aspects 

rainfall such as variability, frequency, spatio-

temporal and seasonal and inter-seasonal variability 

in rainfall amount have been studied over Nigeria, 

but little work has been done in the area of estimating 

the threshold rainfall values for heavy and extreme 

rainfall events, understand the impacts of climate 

change on the frequency and variability of heavy and 

extreme rainfalls (HRF and ERF) in Africa and 

Nigeria in particular. Hence, this study focused on 

determining the effective threshold valuesacross the 

various climatic zones for the subjective forecast of 

heavy rainfall over Nigeria.It has been the practice of 

operational forecasters to use one threshold value to 

forecast heavy rainfall/flashflood events irrespective 

of the climatology of the different locations.Hence, 

the result of this study, i.e. this threshold value 

eliminates the old practice of using a single threshold 

value in the forecast of heavy rainfallacross the 

continent and Nigeria in particular and replacing it 

with the practice of using location specific threshold 

values.Furthermore, it also provides valuable 

information on the spatial and temporal variations of 

heavy rainfall across the country. 

 

Study Area 

The study area is Nigeria, (latitude: 4
o 

- 14
o
N; 

Longitude: 3
o 

- 15
o
E) is located within the tropics of 

African continent. It is shares boundary with Benin 

republic to the West by, Niger republic to the North, 

republic of Cameroun to the East, while to the south 

it is bordered by Atlantic Ocean. The climate of the 

country Nigeria is characterized by Mean temperature 

of 27
o
C, mean Maximum temperature of 21

o
C and 

41
o
C over the south and north respectively. The 

observed mean rainfall along the coast is greater 

3,500mm but less than 600mm at the extreme north. 

The weather of the country is largely determined by 

the two prevailing trade winds; the warm moist 

tropical maritime (mT; South-westerly (SW) winds) 

air-mass coming into the country from the south and 

the dry tropical continental (cT; North-easterly (NE) 

winds) mass that comes into the country from the 

north. 
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Figure 1: Map of the study area. 

 

DATA AND METHODOLOGY 

Rainfall data of varying durations between 30 and 43 

years (1971 – 2014 over 46 cities were used for this 
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study. A minimum of about 30 years data were used 

because to have accurate statistical test, the minimum 

sample size required is 30. 

 

It is a known fact that over Africa, rain gauge 

observed surface data have poor spatial coverage, 

missing data and even declining in recent 

times,hence, the era-interim data are the viable for 

climate monitoring and were used in this study. 

Having understood what constitutes heavy and 

extreme rainfall, the 90
th

 and 99
th

 percentile values of 

each of the years under study were calculated and the 

average of values of both the 90
th

 and 99
th

 percentile 

rainfall values for each of the stations calculated as 

well. This was carried out for each of the cities 

studied in order to determine the normal (average) 

rainfall amount over each station city that could be 

termed the threshold rainfall value above which we 

can have heavy and extreme rainfall values (HRF) 

and (ERF). 

 

Heavy Rainfall/Flash Flood Risk Forecasting 

The forecast of heavy rainfall/flash over Africa 

especially the tropical West Africa requires 

climatological knowledge of the regions as to the 

what qualifies a certain rainfall into light, moderate, 

heavy or extreme. Hence, there is need to understand 

the concepts of rainy day, light rainfall, heavy rainfall 

and extreme rainfall for proper forecasting of heavy 

rainfall for effective disaster risk reduction. 

 

Rainy Day: 

Over the years, the issue of what constitutes a rainy 

day has been debated among researchers and 

meteorologists. Some were of the view that any day 

with rainfall amount that touches the ground whereby 

it could be recorded as trace by the gauge could be 

called a rainy day, while others argue that the rainfall 

amount must be greater than or equal to 0.01mm, or 

less than 0.25mm (Chu et al., 2009). However, more 

recently Odekunle, (2004) discovered that in West 

Africa, for a day to be classified as a rainy day, it 

must have witnessed rainfall amount that is greater 

than or equal to 0.85mm. Hence, since our study area 

is in West Africa, we considered any day with rainfall 

amount that is greater than or equal to 0.85mm as a 

rainy day.  

 

Light Rainfall 

Whenever the daily rainfall amount is less than or 

equal to 10
th

 percentile of the daily climatological 

value over the location. This is the lowest category of 

the daily rainfall amount because values in this 

category falls rarely and does not pose any threat to 

lives and livelihood. During forecast, whenever the 

anticipated daily rainfall amount falls within this 

category, a green flag is raised implying no treat of 

heavy rainfall hence no risk of flash flood. 

 

Moderate Rainfall 

The values under this category are expected to be 

most frequent of the four categories. It occurs when 

the daily rainfall amount isgreater than 10
th

 percentile 

but less than 90
th

 percentile value of the daily rainfall 

climatological value over the location.Because of the 

tendency of this category to cause flooding after 

repeated consecutive occurrence for a record time, it 

poses threat to lives and livelihood. Hence, when it is 

anticipated, a yellow flag is raised for disaster risk 

managers to be prepared in the event of escalation. 

This is the second category. 

 

Table 1: The different categories of daily rainfall 

amount 
S/N Category Flag 

1. Light Rain Green 

2. Moderate Yellow 

3. Heavy Rainfall Red 

4. Extreme Rainfall Red 

 

Heavyand Extreme Rainfall: 

This category of rainfall occurs whenever the daily 

rainfall amount is greater than or equal to the 90
th

 

percentile value of the daily climatological value but 

less than less than 99
th

 percentile. This kind of 

rainfall is usually as a result of mesoscale convective 

systems (MSCs) which has been noted to be the 

major source of rainfall over West Africa.When there 

is prospect of heavy rainfall over a location, there is 

risk of flash flood, hence, a red flag is raised 

implying that actions should be taken to forestallloss 

of lives and livelihood. On the other hand, whenever 

the anticipated rainfall amount is equal to or exceeds 

the 99
th

 percentile of the daily climatological value of 

the location a red flag is raised because there is high 

risk flash flood. The use of 99
th

percentile value as the 

extreme value stems from the fact that the rainfall 

amount has to be very rare because less than 

99
th

percentile position increases the frequency of 

occurrence rainfall under such category. Furthermore, 

extreme rainfall amounts are usually record-breaking 

rainfall amounts that occurs infrequently.  

 

Elsewhere, inan attempt to analyze the behavior of 

heavy rainfall events, so many definitions have been 

proffered. For instance, the top 2%, 1% and 0.5% 

values have been used as the threshold for rainfall 

values that are “unusual”, “rare” and “extreme”. It 

has also been defined based on;  

 the actual rainfall amount (Babatolu et al., 2014; 

Ologunorisa and Tersoo, 2006),  

 a specific threshold daily rainfall percentile such 

as 90
th

 and 99
th

 percentile values for heavy and 

very heavy (extreme) rainfall events respectively 

(See Groisman et al., 2001, Salack et al., 2018), 

and  

 the annual maximum daily rainfall values 

associated with a specific return period 

(Groisman et al., 2001).  
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The method employed by Babatolu et al., (2014), 

could be erroneous as it assigns one single threshold 

value for all the city despite the differences in the 

average daily rainfall amount while Salack et al., 

(2018) used 99
th
percentile value to establish a fixed 

threshold for extreme rainfall event across the West 

Africa which gives both the Sahel and Tropical 

rainforest regions the same extreme rainfall threshold 

value. This approach is capable of either sending 

false alarm over some region or miss the dangerous 

heavy rainfall events.Hence in the light of Satellite 

and weather Information for Disaster Risk Reduction 

in Africa (SAWIDRA) project, this study, focused on 

making subjective estimation of the threshold daily 

rainfall amount which depends on location rather 

than being fixed across the regions. Any daily rainfall 

event in which the rainfall amount is greater than or 

equal to the 90
th

percentile and 99
th

 percentile 

threshold of daily rainfall amount over a given 

location was considered as heavy and extreme rainfall 

events respectively. This is according to Groisman et 

al., (2001) and Chu et al., (2009). 

 

RESULTS AND DISCUSSION 

It can be observed from Figure 2 that the frequency 

of occurrence of extreme rainfall (ERF) events have 

double and single peaks over the south and north of 

9
o
N respectively. The month of July is expected to 

witness the highest number of extreme rainfall events 

because of the highest peak which occurred in that 

month while few incidences which could lead to 

some few flash floods may be possible in August. But 

over the north (9
o
N and above), August is the month 

during which the highest ERF events are recorded. 

On the heavy rainfall (HRF) events, 

characteristically, double peaks (July and September) 

are observed (See Figure 3) over the south while the 

north has single peak (August). This simply implies 

that most of the rains that occur over the south in 

September are usually HRFs, hence the highest peak. 

This is the reason more flooding episodes occur 

during this month of the year. However, over the 

north both the ERF/HRF peaks occurred in August 

could also lead to the high frequency of flash flood 

events in the area. 

 
Figure 2: Seasonal frequency of occurrence of 

extreme rainfall over the north and south of 9
o
N of 

Nigeria 

 

 
Figure 3: Intra-Seasonal frequency of occurrence of 

heavy rainfall over the north and south of 9
o
N of 

Nigeria 

 
Figure 4: Spatial distribution of the threshold values 

for heavy rainfall event across Nigeria 

 
Figure5: Spatial distribution of the threshold values 

for extreme rainfall event across Nigeria. 

 

The threshold values for HRF and ERF event can be 

seen to be decreasing with latitude (See Figures 6a 

and 6b). This implies that the amounts of rainfall that 

could be said to be heavy and extreme over the south 
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are higher than what are obtainable over the north. 

The threshold values for HRF and ERF which are 

higher over the south decrease towards the north 

(latitudinally).  

 

 
Figure 6a: Latitudinal variations of the threshold 

rainfall values for heavy rainfall across the country. 

 

 
Figure 6b: Latitudinal variations of the threshold 

rainfall values for extreme rainfall across the country. 

 

The Inter-Seasonal Variations of the Threshold 

Values of HRF and ERF 

The inter-seasonal study of the variations of the 

threshold values for HRF and ERF showed that there 

has been a continuous increase in the 24hour 

accumulated rainfall amount which could be defined 

as HRF and ERF from 1971 – 2015 (See Figures 7a 

and 7b). This is in line with the findings of some 

researchers that global warming which is as a result 

of increase in atmospheric temperature could lead to 

increase in the amount of atmospheric moisture 

which in turn leads to increase in the amount of 

rainfall per unit time (intensity). Also noticeable are 

the values recorded over the south which are higher 

than the values recorded over the north. 

 

The Inter-seasonal Variations of The Frequency of 

Occurrences of HRF and ERF 

Furthermore, when the frequency of occurrence of 

HRF and ERF were analyzed inter-seasonally, it 

showed a significant increase in the average number 

of times HRF and ERF events occur in a year from 

1971 – 1979 and 1985 – 2015 with a slight decrease 

from 1979 – 1984 (See Figures 8a and 8b). 

Analyzing the percentage occurrences of HRF and 

ERF events (See Figures 9a and 9b) showed that over 

the north, HRF and ERF occur more often than over 

the south. This means that over the north,the number 

of times HRF and ERF events occurred relative to the 

number of times normal rainfall event occurred are 

higher than the number of times HRF and ERF events 

occurred relative to the number of normal rainfall 

event occurred over the south, implying that the 

northern parts of Nigeria are susceptible to flash 

flooding more than the southern parts. 

 

 
Figure 7a: Inter-seasonal variation of the heavy 

rainfall threshold north and south of 9
o
N within the 

country. 

 

 
Figure 7b: Inter-seasonal variation of the extreme 

rainfall threshold north and south of 9
o
Nwithin the 

country. 

 

 
Figure 8a: Inter-seasonal variation of the frequency 

of occurrence of heavy rainfall events north and south 

of 9
o
N within the country. 
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Figure 8b: Inter-seasonal variation of the frequency 

of occurrence of extreme rainfall events north and 

south of 9
o
N within the country. 

 

 
Figure 9a: Inter-seasonal variation of the 

percentageoccurrence of heavy rainfall events north 

and south of 9
o
N within the country. 

 

 
Figure 9b: Inter-seasonal variation of the percentage 

occurrence of extreme rainfall events north and south 

of 9
o
N within the country. 

 

Inter-seasonal Variations of Percentage Rainfall 

Contribution 

The percentage rainfall amount contributed by HRF 

and ERF events over the north and south of 9
o
N 

within Nigeria were analyzed (See Figures 10a and 

10b) and it was observed that generally, over the 

north, HRF events contributed majority (over 60%) 

of the rainfall amount recorded from 1971 – 2015 in 

the north and south. Also noticeable is the fact that 

the percentage rainfall contributed by HRF events in 

the north is higher than the amount contributed in the 

south. This implies that majority of the rainfall events 

over the north are HRF in character.The inter-

seasonal variations of the percentage rainfall 

contributed by HRF over the north and south 

generally showed a positive trend from 1971 – 2015. 

Furthermore, the percentage rainfall amounts 

contributed by ERF events over the north and south 

are less than 30% of the total rainfall amountrecorded 

annually (See Figure 10b). The inter-seasonal 

variations of the percentage rainfall contributed by 

ERF over the north generally showed a positive trend 

but with a negative trend between 1979 – 1984 and 

over the south form 1971 – 2015 shows a positive 

trend which is in line with results of some Regional 

model studies which suggest positive trend in the 

number of extreme rainfall days over West Africa 

(See Vizy and Cook, 2012). 

 

 
Figure 10a: Inter-seasonal variation of the percentage 

rainfall contribution of heavy rainfall events, north 

and south of 9
o
N within the country. 

 

 
Figure 10b: Inter-seasonal variations of the 

percentage rainfall contribution of extreme rainfall 

eventsnorth and south of 9
o
N within the country. 
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CONCLUSION 

There is evidence of temporal variability on the 

seasonal and inter-seasonal analyses, such that out of 

37 cities studied, 26 cities recorded an increase in the 

percentage occurrence of HRF from 1971 – 2014, 9 

cities recorded a decrease while 2 cities remained 

relatively unchanged with time while 25 (67.6%), 9 

(24.3%) and 3 (8.1%) cities out of the 37 cities 

showed positive, negative and unchanged trends 

respectively in the occurrence of extreme rainfall 

(ERF) events in line with the fourth assessment report 

of the intergovernmental panel on climate change 

(IPCC;  2007b). This increase in the ERF implies an 

increase in thunderstorms which has been observed to 

be the major cause of flight cancellations in Nigeria 

(Enete et al., 2015). Generally, the average frequency 

of occurrence of HRF and ERF showed double 

peaksover the south in July and September in both 

cases, but with the highest peak occurring in 

September and July in the case of HRF and ERF 

respectively, though northern cities showed single 

peaks in August in both cases of HRF and ERF. 

However, spatial analyses showed that the HRF and 

ERF threshold values were observed to be decreasing 

with latitude as we move from south to north, which 

is in line with the spatial distribution of moisture 

across Nigeria. Having determined the threshold 

rainfall amount, makes the heavy rainfall/flash flood 

risk forecast very subjective and location dependent 

engendering better planning for effective disaster risk 

management in Africa and in Nigeria in particular. 
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