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Introduction 
It is a common knowledge in Nigeria 

and beyond that the Niger Delta is an 

area whose deltaic topography of low 

and plain lands, high soil moisture, 

extreme rainfall, coupled with the 

alteration of land for developmental 
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Abstract  
Return periods and exceedance probability of rainfall events in Port 

Harcourt, Nigeria from 1981 to 2016 (inclusive) was investigated with the 

use of many statistical tools. Results obtained showed that the highest rainfall 

event experienced during the study period was in 2007 with yearly rainfall 

value equals to 2790.9mm and also having probability to re-occur or be 

exceeded every 37years (return period) and an annual exceedance 

probability (AEP) of 0.027 or 2.7%. The least rainfall event of the study 

period was recorded in 1983 with a value of 1632.0mm. It has a probability 

to re-occur or exceeded once every year or return period of 1.028years. The 

probability or AEP was calculated to be 0.973 or 97.3%. This means that 

there is approximately 100% chance of study area experiencing this type of 

rainfall every year. Extreme rainfall is often responsible for flood so builders 

and designers of drainages, dams, dykes, irrigation facilities, farmers, 

Insurers must understand the rainfall probabilities and return periods of 

heavy and extreme rainstorms in order to design, build and plan effective 

mitigation measures against flood. 
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purposes, poor waste disposal habit and management, and rapid urbanization 

caused by increase population, low soil permeability, slope and elevation, have 

contributed in no small measure to the devastating flood experienced annually 

in the area  (Montz and Gruntfest, 2002; Ologunorisa, 2001). 

Various research and documented observations have confirmed the fact that 

adverse environmental events have periods of re-occurrence and it is important 

to be able to understand and predict this return or expected period for proper 

planning for timely management of such events when they do occur. 

Application of statistics is a key method applied to obtain the annual exceedance 

probability AEP and the return period also called the recurrence interval. 

Annual exceedance probability AEP is the chance or probability that a natural 

hazard event like flood or rainfall will occur annually and is usually expressed 

as a percentage. Higher rainfall events occur or are exceeded less often and will 

therefore have low values for the annual probability.  

The return period or recurrence interval is the time it will take in years for the 

value of the event or more; rainfall, flood, landslide or any other catastrophic 

event to reoccur or return.  It is the reciprocal of probability when it is expressed 

in fraction and could also be expressed in percentage (Hastings, 1997; HDSC, 

2005). 

AEP found importance in building irrigational and drainage facilities and for 

planning against flood with low, medium and high rainfall intensities of varying 

return periods (Smedema and Rycroft, 1983).  Extreme rainfall events, flood, 

droughts and other environmental issues caused devastating effects on the 

populace and structures in flood prone areas. When designing and or planning 

weather related structures like drainages, dams, dykes, water collectors and 

reservoirs all require knowledge of the frequency of the extreme events like 

rainfall or floods. Analyzing the magnitude and frequencies of weather related 

events also assist the insurance companies in designing insurance policies and 

in hydrologic intervention for extreme weather conditions (Alexander, 2012). 

This study will analyze exceedance probability and return period of rainstorms 

in Port Harcourt. 

 

Study Area 

Location 

Port Harcourt metropolis is located between Latitude 4045'N and Latitude 

4055'N, and Longitude 6055'E and Longitude 7005'E. The city lies at the mouth 
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of River Bonny in Rivers State. It is located at about 25km from the Atlantic 

Ocean and it is situated between the Dockyard creek/Bonny River and the 

Amadi creek. It lies at an average altitude of about 15m above mean sea level. 

Port Harcourt Metropolis as study area spans over two Local Government Areas 

of; Port Harcourt and Obio/Akpor (Fig. 1). 

 

Population 

The 1991 National Population Census results showed that Port Harcourt 

metropolis comprising Port Harcourt and Obio/Akpor LGAs had a population 

of 703,416 persons (Chiadikobi et al., 2011). In 2006, the population of Port 

Harcourt Metropolis grew to 1,000,908 persons (NPC, 2006).  

 

FIG.1: Map of Port Harcourt Metropolis 

 
Source: Adapted from Google Earth 

 

Climate 

Port Harcourt features a tropical wet climate with lengthy and heavy rainy 

seasons and very short dry seasons. Only the months of December and January 

https://en.wikipedia.org/wiki/Tropical_monsoon_climate
https://en.wikipedia.org/wiki/Wet_season
https://en.wikipedia.org/wiki/Wet_season
https://en.wikipedia.org/wiki/Dry_season
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truly qualifies as dry season months in the city. Port Harcourt's heaviest 

precipitation occurs during the months of July and September with an average 

of 367 mm of rain. December on average is the driest month of the year, with 

an average rainfall of 20 mm. Temperatures throughout the year in the city are 

relatively constant, showing little variation throughout the course of the year. 

Average temperatures are typically between 25 °C -28 °C in the city. 

 

Materials and Methods 

Secondary data was obtained from the Nigerian Meteorological Agency 

(NIMET) at the Port Harcourt international Airport for daily rainfall from 1981 

to 2016.  Daily data was made into monthly data and analyzed using descriptive 

statistics giving; mean, standard deviation, range, total, tables and graphs, 

Table.1 shows the monthly values of rainfall data from 1981 to 2016 inclusive, 

(36years).   

 

Calculation for Exceedance Probability (P)  

Exceedance Probability (P) is the likelihood or possibility that an event like 

rainfall or flood of a certain magnitude or more could take place in a given year. 

This tool is useful for the prediction of flood and other events of interest, where 

our aim is in likelihood or possibility of a definite amount of rainfall or more 

that might cause flood (McCuen, 1988). The values of the data are arranged in 

descending order which assigns the rank of 1 to the highest value, that is m = 1. 

Mathematically, Probability is given as: 

P = m / (n + 1)                                                                                                            (1.0) 

Where:  

m = rank of data 

n = number of data 

 

 Calculation for Recurrence Interval or Return Period (T)  

This is the average period of time or interval (in years) between events being 

equaled or being more than or exceeding a certain amount. It is an important 

tool in planning, design and environmental studies as it shows in a glance, 

events or cases that occur every year on the average and the ones that occur in 

5 years or more in the average (McCuen, 1988). It is the inverse of Exceedance 

probability. 

Return period (T) is represented mathematically as: 
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T = 1/p   or   (n + 1) / m                                                                                             (2.0) 

Where:  

p = probability 

n = number of data and m = rank of data  

 

Results  

The results of analysis and calculations are as shown in Table 1, Figs. 2 and 3. 

 

Table 1: Probability and Return Period for 36 years (yearly) Rainfall of 

Port Harcourt (1981 – 2016). 

S/N 

N=36 

YEAR RAINFALL 

AMOUNT 

  M YEAR - IN ORDER 

OF RAINFALL 

AMOUNT 

 RAINFALL IN 

DESCENDING 

ORDER  

P = M/ 

N+1    

(M/37) 

PROBABI-

LITY 

T=1/P 

RETURN 

PERIOD 

1 1981 2158.3    1         2007 2790.9 0.0270 37.037 

2 1982 1991.5    2         2014 2575.5 0.0541 18.484 

3 1983 1632.0    3         1998 2563.1 0.0811 12.330 

4 1984 2095.6    4         2009 2562.5 0.1081 9.250 

5 1985 2395.7    5         2006 2542.3 0.1351 7.402 

6 1986 2283.1    6         1995 2523.0 0.1622 6.165 

7 1987 2261.7    7         1999 2498.2 0.1892 5.285 

8 1988 2420.9    8         1988 2420.9 0.2126 4.704 

9 1989 2160.2    9         1985 2395.7 0.2423 4.127 

10 1990 2073.3   10         1994 2375.2 0.2703 3.700 

11 1991 2094.4   11         1993 2357.0 0.2973 3.364 

12 1992 1913.5   12         2003 2349.6 0.3243 3.084 

13 1993 2357.0   13         1996 2349.5 0.3514 2.846 

14 1994 2375.2   14         1997 2329.8 0.3784 2.643 

15 1995 2523.0   15         1995 2283.1 0.4054 2.467 

16 1996 2349.5   16         1987 2261.7 0.4324 2.313 

17 1997 2329.8   17         2013 2259.6 0.4595 2.176 

18 1998 2563.1   18         2012 2248.6 0.4865 2.056 

19 1999 2498.2   19         2002 2186.2 0.5135 1.947 

20 2000 1993.7   20         1989 2160.2 0.5405 1.850 
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21 2001 2123.4   21         1981 2158.3 0.5676 1.762 

22 2002 2186.2   22         2001 2123.4 0.5946 1.682 

23 2003 2349.6   23         2010 2116.6 0.6216 1.609 

24 2004 1875.0   24         1984 2095.6 0.6486 1.542 

25 2005 1973.5   25         1991 2094.4 0.6757 1.480 

26 2006 2542.3   26         2016 2092.9 0.7027 1.423 

27 2007 2790.9   27         1990 2073.3 0.7297 1.370 

28 2008 1972.4   28         2015 2040.5 0.7568 1.321 

29 2009 2562.5   29         2000 1993.7 0.7838 1.276 

30 2010 2116.6   30         1982 1991.5 0.8108 1.233 

31 2011 1749.2   31         2005 1973.5 0.8378 1.194 

32 2012 2248.6   32         2008 1972.4 0.8649 1.156 

33 2013 2259.6   33         1992 1913.5 0.8919 1.121 

34 2014 2575.5   34         2004 1875.0 0.9189 1.088 

35 2015 2040.5   35         2011 1749.2 0.9459 1.057 

36 2016 2092.9   36         1983 1632.0 0.9730 1.028 

Source: Author’s Data Analysis 2020. 

 

M = rank of data with 1 given to highest value, n = number of data 

 
Fig. 2: Probability Values for 36 years Rainfall  
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Fig. 3: Return period values for 36 years rainfall  

 

Discussion 

The highest rainfall experienced in Port Harcourt during the study period was 

in 2007 with 2790.9mm and it has a probability to re-occur or return once every 

37 years (Return period) with AEP (Annual Exceedance Probability) of 0.027, 

(Table 1). This means that it has 2.7% possibility of repeating itself or exceeded 

in any year. In order words, this amount of rainfall is likely to occur 2.7times in 

every 100 years. 

The rainfall amount for 2014 was 2575.5mm and it has a probability to re-occur 

or return once every 18.5 years (Return period), with an AEP of 0.0541 which 

means it has a 5.4% chance of coming back with same value or with greater 

value in any year. It also means that this amount of rainfall is likely to occur 5.4 

times in every 100 years.  

1998 rainfall amount of 2563.1 followed that of 2014. It has a probability to re-

occur or return once every 12.3 years (Return Period), with an AEP of 0.081 

which means it has 8.1% possibility of being equaled or exceeded in any year. 

It also means that this amount of rainfall is likely to occur 8.1 times in every 

100 years.  

The rainfall amount for 2009 was 2562.5mm and it has a probability to re-occur 

or return once every 9.25 years (Return Period), with an AEP of 0.108 which 

means it has a 10.8% possibility of being equaled or exceeded in any year. It 

0

500

1000

1500

2000

2500

3000
ye

ar
ly

 R
ai

n
fa

ll 
in

 m
m

Return period in years

Return period



84  africanscholarpublications@gmail.com                                                                               

 2020 

 

also means that this amount of rainfall is likely to occur 10.8 times in every 100 

years. 

The 2006 rainfall amount was 2542.3mm and it has a probability to re-occur or 

return once every 7.4 years (Return period) and has an AEP of 0.135 which 

means it has 13.5% possibility of being equaled or exceeded in any year. It also 

means that this amount of rainfall is likely to occur 13.5 times in every 100 

years. 

The next ranked rainfall was that of 1995 with rainfall amount of 2523.0mm 

having a probability to re-occur or return once every 6.17years (Return period) 

and has an AEP of 0.162, which means it has 16.2% possibility of being equaled 

or exceeded in any year. It also means that this amount of rainfall is likely to 

occur 16.2 times in every 100 years. 

The next ranked rainfall was that of 1999 with rainfall amount of 2498.2mm 

having a probability to re-occur or return once every 5.29 years (Return period) 

and has an AEP of 0.189 which means it has 18.9% possibility of being equaled 

or exceeded in any year. It also means that this amount of rainfall is likely to 

occur 18.9 times in every 100 years1988 rainfall was the next ranked with 

rainfall amount of 2420.9mm having a probability to re-occur or return once 

every 4.7 years (Return period) and has an AEP of 0.213 which means it has 

21.3% chance of being equaled or exceeded in any year. It also means that this 

amount of rainfall is likely to occur 21.3 times in every 100 years. 

1985 rainfall was the next ranked with rainfall amount of 2395.7mm having a 

probability to re-occur or return once every 4.13years (Return period) and has 

an AEP of 0.242 which means it has 24.2% possibility of being equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

24.2 times in every 100 years. 

The next ranked rainfall was that of 1994 with rainfall amount of 2375.2mm 

having a probability to re-occur or return once every 3.7 years (Return period) 

and has an AEP of 0.27 which means it has 27% possibility of being equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

27 times in every 100 years. 

1993 rainfall was the next ranked with rainfall amount of 2357mm having a 

probability to re-occur or return once every 3.4years (Return period) and has an 

AEP of 0.297 which means it has 29.7% possibility of being equaled or 
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exceeded in any year. It also means that this amount of rainfall is likely to occur 

29.7 times in every 100 years. 

The next ranked rainfall was that of 2003 with rainfall amount of 2349.6mm 

having a probability to re-occur or return once every 3.1 years (Return period) 

and has an AEP of 0.324 which means it has 32.4% possibility of being equaled 

or exceeded in any year. It also means that this amount of rainfall is likely to 

occur 32.4 times in every 100 years. 

1996 rainfall was the next ranked with rainfall amount of 2349.5mm having a 

probability to re-occur or return once every 2.85years (Return period) and has 

an AEP of 0.3514 which means it has 35.14% possibility of being equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

35.14 times in every 100 years. 

The next ranked rainfall was that of 1997 with rainfall amount of 2329.8mm 

having a probability to re-occur or return once every 2.64years (Return period) 

and has an AEP of 0.378 which means it has 37.8% possibility of being equaled 

or exceeded in any year. It also means that this amount of rainfall is likely to 

occur 37.8 times in every 100 years. 

1995 rainfall was the next ranked with rainfall amount of 2283.1mm having a 

probability to re-occur or return once every 2.47years (Return period) and has 

an AEP of 0.41 which means it has 41% possibility of being equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

41 times in every 100 years. 

The next ranked rainfall was that of 1987 with rainfall amount of 2261.7mm 

having a probability to re-occur or return once every 2.31years (Return period) 

and has an AEP of 0.432 which means it has 43.2% possibility of being equaled 

or exceeded in any year. It also means that this amount of rainfall is likely to 

occur 43.2 times in every 100 years. 

2013 rainfall was the next ranked with rainfall amount of 2259.6mm having a 

probability to re-occur or return once every 2.18years (Return period) and has 

an AEP of 0.46 which means it has 46% possibility of being equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

46 times in every 100 years. 

The next ranked rainfall was that of 2012 with rainfall amount of 2248.6mm 

having a probability to re-occur or return once every 2.06years (Return period) 
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and has an AEP of 0.487 which means it has 48.7% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

48.7 times in every 100 years. 

2002 rainfall was the next ranked with rainfall amount of 2186.2mm having a 

probability to re-occur or return once every 1.95years (Return period) and has 

an AEP of 0.514 which means it has 51.4% possibility to be equaled or exceeded 

in any year. It also means that this amount of rainfall is likely to occur 51.4 

times in every 100 years. 

The next ranked rainfall was that of 1989 with rainfall amount of 2160.2mm 

having a probability to re-occur or return once every 1.85years (Return period) 

and has an AEP of 0.54 which means it has 54% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

54 times in every 100 years. 

1981 rainfall was the next ranked with rainfall amount of 2158.3mm having a 

probability to re-occur or return once every 1.76years (Return period) and has 

an AEP of 0.568 which means it has 56.8% possibility to be equaled or exceeded 

in any year. It also means that this amount of rainfall is likely to occur 56.8 

times in every 100 years. 

The next ranked rainfall was that of 2001 with rainfall amount of 2123.4mm 

having a probability to re-occur or return once every 1.68years (Return period) 

and has an AEP of 0.595 which means it has 59.5% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

59.5 times in every 100 years. 

2010 rainfall was the next ranked with rainfall amount of 2116.6mm having a 

probability to re-occur or return once every 1.61years (Return period) and has 

an AEP of 0.622 which means it has 62.2% possibility to be equaled or exceeded 

in any year. It also means that this amount of rainfall is likely to occur 62.2 

times in every 100 years. 

The next ranked rainfall was that of 1984 with rainfall amount of 2095.6mm 

having a probability to re-occur or return once every 1.54years (Return period) 

and has an AEP of 0.649 which means it has 64.9% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

64.9 times in every 100 years. 
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1991 rainfall was the next ranked with rainfall amount of 2094.4mm having a 

probability to re-occur or return once every 1.48years (Return period) and has 

an AEP of 0.676 which means it has 67.6% possibility to be equaled or exceeded 

in any year. It also means that this amount of rainfall is likely to occur 67.6 

times in every 100 years. 

The next ranked rainfall was that of 2016 with rainfall amount of 2092.9mm 

having a probability to re-occur or return once every 1.42years (Return period) 

and has an AEP of 0.703 which means it has 70.3% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

70.3 times in every 100 years. 

1990 rainfall was the next ranked with rainfall amount of 2073.3mm having a 

probability to re-occur or return once every 1.37years (Return period) and has 

an AEP of 0.73 which means it has 73% possibility to be equaled or exceeded 

in any year. It also means that this amount of rainfall is likely to occur 73 times 

in every 100 years. 

The next ranked rainfall was that of 2015 with rainfall amount of 2040.5mm 

having a probability to re-occur or return once every 1.32years (Return period) 

and has an AEP of 0.757 which means it has 75.7% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

75.7 times in every 100 years. 

Year 2000 rainfall was the next ranked with rainfall amount of 1993.7mm 

having a probability to re-occur or return once every 1.28years (Return period) 

and has an AEP of 0.784 which means it has 78.4% possibility to be equaled or 

exceeded in given year. It also means that this amount of rainfall is likely to 

occur 78.4 times in every 100 years. 

The next ranked rainfall was that of 1992 with rainfall amount of 1991.5mm 

having a probability to re-occur or return once every 1.23years (Return period) 

and has an AEP of 0.81 which means it has 81% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

81 times in every 100 years. 

Year 2005 rainfall was the next ranked with rainfall amount of 1973.5mm 

having a probability to re-occur or return once every 1.19years (Return period) 

and has an AEP of 0.838 which means it has 83.8% possibility to be equaled or 
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exceeded in any year. It also means that this amount of rainfall is likely to occur 

83.8 times in every 100 years. 

The next ranked rainfall was that of 2008 with rainfall amount of 1972.4mm 

having a probability to re-occur or return once every 1.16years (Return period) 

and has an AEP of 0.865 which means it has 86.5% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

86.5 times in every 100 years. 

Year 1992 rainfall was the next ranked with rainfall amount of 1913.5mm 

having a probability to re-occur or return once every 1.12years (Return period) 

and has an AEP of 0.892 which means it has 89.2% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

89.2 times in every 100 years. 

The next ranked rainfall was that of 2004 with rainfall amount of 1875mm 

having a chance to re-occur or return once every 1.09years (Return period) and 

has an AEP of 0.92, which means it has 92% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

92 times in every 100 years. 

Year 2011 rainfall was the next ranked with rainfall amount of 1749.2mm 

having a probability to re-occur or return once every 1.06years (Return period) 

and has an AEP of 0.95 which means it has 95% possibility to be equaled or 

exceeded in any year. It also means that this amount of rainfall is likely to occur 

95 times in every 100 years. 

The lowest rainfall event in the 36 years under consideration occurred in 1983 

with a depth of 1632mm having a probability to re-occur or return once every 

1.03years (Return period)                                         and has an AEP of 0.973 

which means it has 97.3% possibility to be equaled or exceeded in any year. In 

order words this amount of rainfall is likely to occur 97.3 times in every 

100years. 

 

Conclusion. 

Rainfall amount for the first 18 years (1981 – 1998) of the 36 years was 

39977.8mm with a yearly mean of 2220.99mm while the second 18 years (1999 

– 2016) had rainfall amount of 39950.6mm with a yearly mean of 2219.48mm. 

This shows that the rainfall of Port Harcourt does not record any major change 



89  africanscholarpublications@gmail.com                                                                               

 2020 

 

in volume except in pattern where some years have high amount after a lower 

amount by the previous year. 

The lowest rainfall for the period 1981 to 2016 as recorded in 1983 was 1632.0 

mm and it has AEP of 0.973 or 97.3% possibility of being equaled or exceeded 

in any year or 97.3times in 100years. It has a return period of 1.03yrs meaning 

it has possibility to return every year. 

The highest rainfall as recorded in 2007 with a value of 2790.9mm has an AEP 

of 0.027 or 2.7% possibility of being equaled or exceeded in any one year. The 

return period is 37 years meaning it has tendency to re-occur once every 37 

years. 

Design and construction works must be aware of the return period and 

probability values in their activities so as to build structures that will overcome 

different rainfall events. Agricultural activities in terms of farming, irrigation, 

and animal rearing must take cognizance of this and this also apply to the 

insurance industries that insure structures and agricultural products.  
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