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Introduction 

lood is one of the natural disasters that 

had hit mankind in its most delicate and 

harsh alike, irrespective of the 

geographical locations and times. The amount 

of losses and hardships that comes along with 

it is sometimes unbearable for individuals, 

communities as well as Governments to cope. 

From time immemorial, many cities of the 

world have experienced and still experiencing 

various degrees of floods (Adebayo, 2019).  For 

example, floods account for approximately 

one-third of global natural hazards and more 

people were adversely affected by flooding 

than any other geophysical phenomenon 

(Smith, et al, 2004).  On the average, 20,000 

people lose their lives due to flooding each 

year and it affects 75 million people globally, 

most of whom became homeless (Smith, et al, 

2004).  It is interesting to note that, despite the 

high risks of flooding, many settlements still  
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remain located near potential flood sources like rivers and seas due 

to the socio-economic benefits offered by such locations. 

Therefore, it seems mankind does not have much choice than to 

accept to live with floods since it could not be totally eliminated. 

However, holistic approach to flood risk management and 

mitigation measures have to be adopted through construction of 

flood-alleviation structures (such as dams, dykes and drainage 

systems among others), functional flood warning systems and 

good health care management (Oloruntoba, 2008). 

benefits offered by such locations. Therefore, flood occurrence 

has to be predicted to a reasonable degree of accuracy in order to 

minimise its catastrophic effects. Therefore, this paper presents a 

method by which the flood frequency of Eriti Watershed in Lower 

Ogun River Basin was analysed based on the annual peak flows 

and daily average water levels of river Ogun compiled at Mokoloki 

weir dam intake as well as the digitalized topographic map of the 

watershed. Flood frequency analysis is the universal method 

being used for estimation of recurrent interval of any hydrological 

event. However, selection of appropriate flood frequency analysis 

method was a big challenge because of uncertainties and 

variability in river behaviours. The challenge was surmounted by 

simultaneously utilised Log Pearson Type III and Gumbel 

distributions for flood frequency analysis of Eriti Watershed using 

the terrain and flow data. Chi-Square test was used to assess the 

degree of fitness of the two selected distributions and the 

probability value of Gumbel distribution was found to be lesser. 

Therefore, Gumbel distribution was concluded to be better and 

consequently recommended for flood frequency analysis of 

watersheds that are hydrologically-similar to Eriti Watershed.   

 

Keywords: Flood, frequency, watershed, Gumbel distribution. 
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Usually, design of any water resources project consists of the following 

consequent steps: Hydrologic, hydraulic and structural design. Among 

these steps, hydrologic design has a very important role because any 

mistake made at this stage will result in failure of the structure no matter 

how correct the other two steps are carried out (Chanson, 2004). 

Consequently, hydrologic models are considered very reliable and 

regarded as standard tools for predicting fluvial inundation. In addition, 

the science of inundation modelling has transformed rapidly in the past 

few years from a ‘data-poor’ to a ‘data-rich’ discipline because flood 

models and data are being integrated or linked into states of the art 

technologies such as remote sensing and Geographic Information 

System (GIS) for time series analysis and visualisation (Barati, 2011). 

In Nigeria, most of the rivers were ungauged while drainage basins have 

scanty streamflow data too. In fact, out of the eleven drainage basins in 

Nigeria, only six have streamflow data extending ten years and Eriti 

Watershed (the study area) in the Lower Ogun River Basin, South-

Western Nigeria is no exception (Ogunnubi, 2015).  This is why sizing of 

minor and major hydraulic structures such as culverts, bridges and dams 

at sites with little flood information was a common problem faced by 

practicing Engineers in Nigeria. 

This paper presents a method by which the flood frequency of Eriti 

Watershed in Lower Ogun River Basin was analysed based on the 

knowledge of the annual peak flows and daily average water levels of 

river Ogun compiled at Mokoloki weir dam intake as well as the 

digitalized topographic map of the watershed. 

 

OBJECTIVE OF THE STUDY 

The main objective of the study is to evaluate various flood 

frequency distribution methods for Eriti Watershed in Lower Ogun 

River Basin South-West, Nigeria with a view to determining the 

most preferred which could also be adopted for hydrologically-

similar Basins. 
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STUDY AREA 

The study area is Eriti Watershed which falls within the upper part of the 

lower hydrologic landscape of River Ogun, referred to as Lower Ogun 

River Basin. Specifically, it lies within Obafemi-Owode and Ewekoro Local 

Government Areas of Ogun State, South Western Nigeria (Fig. 1). The 

study area is geographically located within Latitudes 6o 50’N and 7o 50’N 

and Longitudes 3o 18’E and 3o 32’E.  The watershed covers an area of 

about 197.5 km2 including a protected forest known as Lisabi sacred 

grove (Olororuntoba, 2008). 

Topographically, the study area is generally low-lying with traces of 

undulating landscapes. There are also micro scale rugged areas with 

gentle slopes and gorges Odunuga and Raji, (2014).    

Hydrologically, the sinuous Ogun River which arises from Iganran hill 

(near Saki town in the North-Western part of Oyo State) traverses the 

study area. There are also traces of connecting streams, wetlands, 

coastal marshes and hydrophytes while the drainage pattern is dendritic 

in morphology Odunuga and Raji, (2014).    

The climate of the area is influenced by two air masses, namely; tropical 

maritime and the tropical continental air masses. The tropical maritime 

air mass, which is warm and wet, originates from the Atlantic Ocean. The 

temperature is seasonal, relatively high and ranges between 22oC and 

32oC. Annually, two seasons are distinguishable in the study area, dry 

season from November to March and wet season between April and 

October. Overall, mean annual rainfall ranges from 900 mm to 1,200 mm 

(Olororuntoba, 2008). In view of occurrence of heavy rainfalls, the 

watershed was being flooded at the peak of raining season such that a 

canoe or a small boat is required for navigation of the area (Adebayo, 

2010). 

The land use of the study area revolves round its abundant water 

resources, rich alluvial soil and thick riparian forests. Therefore, the 

inhabitants of the area took to farming, fishing, logging and sand 

dredging (Adebayo, 2010).  
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Fig.1: Map of Ogun State showing the study area 

 

MATERIALS AND METHODS 

Types and Sources of Data: The types of data collected include annual 

peak flows and daily average water levels of River Ogun at Mokoloki weir 

dam intake for a period of ten years (2005 - 2014) as well as the terrain 

data of the watershed. Some of these data were collected from Ogun-

Osun River Basin Development Authority, Abeokuta while some were 

collected in-situ.   

Methods of Data Collection: The terrain data of the study area were 

gathered using Geographical Information System (GIS) and remote 

sensing techniques while supplementary information were obtained 

from the reconnaissance survey of the area. The data collected were 

processed by the aid of ArcView software to create a Triangulated 
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Irregular Network (TIN). The TIN was then used to produce the 

topographic map of the study area as shown in Figures 2. The 

topographic map was the main data source for the extraction of 

elevation data via on-screen digitizing of contour values and spot 

heights. 

Also, the daily peak flows and average water levels of River Ogun at 

Mokoloki weir dam which had been converted to annual peak values for 

a period of ten years (2005 - 2014) (Table 1) were obtained from the 

hydrological Department of Ogun-Oshun River Basin Development 

Authority, Alabata road, Abeokuta.    

 
Figure 2: Topographical Map of Eriti Watershed 
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Table 1: Annual Peak Flows (m3/s) and Water Levels at Mokoloki Dam 

Intake 

Year Annual Water Level (m) Annual Peak Flow (m3/s) 

2005         2.5 405.6 

2006 2.0 394.2 

2007 1.6 355.8 

2008 3.8 412.1 

2009 3.2 331.8 

2010 2.8 298.7 

2011 1.8 498.8 

2012 3.5 512.4 

2013 2.2 346.1 

2014 3.0 287.9 

   

Methods of Estimation of the Frequency of T-Year Return Period Flood 

(QT): There are many probability distributions which may be used for 

flood frequency analysis, but in this study, Gumbel Extreme Value and 

Log-Pearson Type III Distributions were used while Chi-Square test was 

used to assess the reasonability and degree of fitness of the two selected 

distributions. Therefore, Gumbel and Log-Pearson Type III Distributions 

as well as Chi square test were explained briefly below. 

 

Gumbel Distribution: Gumbel method analyses the annual maximum 

flood, which is the largest flood flow during a year. The general 

characteristics of the Gumbel extreme-value distribution are; the mean 

flow occurs at the return period of Tr = 2.33 years and it has a positive 

skew. This implies that, it is skewed towards the high flows or extreme 

values and it predicts the high flows reasonably well.  In recent years, 

Gumbel extreme value analysis has been used as a general model of 

extreme events including flood flows.  Mathematically, Gumbel function 

is stated thus; 

 QT = Xav + K * σ ……………………………………..…………Equation 1 
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where; QT = Value of variate at a particular return period 

Xav = Mean of the variate 

 σ = Standard deviation of the sample 

K = Frequency factor  

K is expressed as (yT – 0.577)/1.2825 

yT = Reduced variate expressed by yT (T – 1) = - (LN * LN) 

 T = Return period 

Log-Pearson Type III Distribution: The Log-Pearson Type III describes a 

random variable whose logarithms have a Pearson Type III distribution. 

The distribution is a three-parameter gamma function with a logarithmic 

transform of the variable. It is widely used for flood analyses because the 

data quite frequently fit into the assumed population. The Log-Pearson 

Type III distribution differs from most other distribution methods in that 

three parameters (mean (Za), standard deviation (σ) and the coefficient 

of skew (k) are necessary to describe the distribution. The distribution 

has found wide use in modelling flood frequencies among others. 

The Log Pearson Type III designed for this study is expressed 

mathematically thus: 

 

ZT = Za + Kz * σ ……………………………………………..……Equation 2 

 

where, Kz = Frequency factor is a constant taken from its Table with 

values of coefficient of skew (Cs) and recurrence interval (T). 

σ = Standard deviation of the ‘Z’ variate sample. 

Cs = Coefficient of skew of variate (Z)  

 

Z = NΣ {(Z – Za) 3} / {(N – 1) (N – 2)} ……………………………Equation 3 

 

Za = Mean of the ‘z’ values 

N = Number of years of observation 

Chi–Square Test: Chi-square was used to ascertain the fitness of either 

Gumbel distribution or Log Pearson Type III for flood frequency analysis 

owing to its inherent statistical properties for test of association and 
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homogeneity which is the fundamental basis for validation of the two 

measures considered for the study.   

In the chi-square test, data are first divided in to K class interval. The 

statistic X2 in equation 8 is distributed as chi-square with k-1 degrees of 

freedom. 

 

X2 = 
∑ (𝑂𝑗− 𝐸𝐽)2𝑘

𝑗=1

𝐸𝑗
  ……………………………………………… Equation 4 

 

In equation 4, Oj is the observed number of events in the class interval 

while j,Ej is the number of events that would be expected from the 

theoretical distribution and K is the number of classes to which the 

observed data are sorted.   

The Chi-Square statistics was further subjected to probability values 

based on degree of freedom (df) and significance level (α) of 0.995. 

Degree of freedom (df) is mathematically defined as:  

 

df = (c – 1) (r – 1) ………………………………………….…Equation 5 

 

Where, c represents the column and r denotes the row.  

The null hypothesis designed for the statistics is that, the distribution 

with the least probability at 0.995 significance level (α) is suitable for 

postulation of flood analysis of the study area.  

 

RESULTS AND DISCUSSIONS 

Result of the analysis of Flood Frequency for River Ogun: The results of 

food frequency analysis of the study area using the annual peak flows 

and water levels at Mokoloki Dam intake for computation of statistical 

parameters for Gumbel Extreme Values and Log Pearson Type III 

Distributions are shown in Tables 2 and 3 respectively.   

Table 2: Computation of Statistical Parameters for Gumbel Extreme 

Values Distribution using Water Levels at Mokoloki Weir Dam Intake 

Gauging Station 
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Year  Water 

Level 

(x) (m) 

Rank 

 

*Return 

period 

**Plotting 

probability 

𝒙

�̅�
 (

𝒙

𝒙−𝟏
) (

𝒙

𝒙−𝟏
)2 (

𝒙

𝒙−𝟏
)3 

2008 3.8 1 18.2 0.06 1.58 0.58 0.34 0.20 

2012 3.5 2 6.5 0.15 1.40 0.40 0.16 0.06 

2009 3.2 3 4.0 0.25 1.33 0.33 0.11 0.04 

2014 3.0 4 2.9 0.35 1.25 0.25 0.06 0.02 

2010 2.8 5 2.2 0.45 1.17 0.17 0.03 0.01 

2005 2.5 6 1.8 0.55 1.04 0.04 0.00 0.00 

2006 2.2 7 1.5 0.65 0.92 -0.08 0.01 0.00 

2013 2.0 8 1.3 0.75 0.83 -0.17 0.03 0.00 

2011 1.8 9 1.2 0.85 0.75 -0.25 0.06 -0.02 

2007 1.6 10 1.1 0.94 0.67 -0.33 0.11 -0.04 

Sum  23.9      0.91 0.27 

Mean 2.4        

*Return period (Tr) = 
𝒏+𝟎.𝟏𝟐

𝒎−𝟎.𝟒𝟒
 ,  where m = rank, n = number of years of 

record 

  **Plotting probability = Pr = 1/Tr 

 

Table 3: Computation of Statistical Parameters for Log Pearson Type 

III Distribution Using Water Levels at Mokoloki Weir Dam Intake 

Gauging Station 

Year  Rank 

 

Water 

Level (x) 

(m) 

*Return 

period 

y = 

log10x 

(y -   �̅�)3 **Pr = 

1/Tr 

***Weibull 

plotting 

position 

2008 1 3.8 18.1 0.58 0.00491 0.06 0.09 

2012 2 3.5 6.5 0.54 0.00220 0.15 0.18 

2009 3 3.2 4.0 0.51 0.00100 0.25 0.27 

2014 4 3.0 2.9 0.48 0.00034 0.35 0.36 

2010 5 2.8 2.2 0.45 0.00006 0.45 0.45 

2005 6 2.5 1.8 0.40 -0.00001 0.55 0.55 

2006 7 2.2 1.5 0.34 -0.00034 0.65 0.64 

2013 8 2.0 1.3 0.30 -0.00133 0.75 0.73 
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2011 9 1.8 1.2 0.26 -0.00338 0.85 0.83 

2007 10 1.6 1.1 0.20 -0.00926 0.94 0.91 

Sum   23.9  4.06 0.0079   

Mean   2.4  0.41    

*Return Period [T = (n+0.12)/ (m-0.44)].      **Plotting Probability is 

defined mathematically as Pr = 1/Tr  

***Weibull Plotting Position is defined mathematically as m / n+1 

 

Estimated Water Level of River Ogun at Eriti Watershed:  

The result of the estimated water level of river Ogun at Eriti Watershed 

for Log Pearson Type III and Gumbel Distributions are contained Table 4. 

Table 4: Estimated Water Level of River Ogun at Eriti Watershed for 

Log Pearson Type III and Gumbel Extreme Values Distributions 

Tr Exceedance 

probability 

 Log Pearson Type III 

 

 Gumbel Distribution  

   Freq. 

Factor 

(k) 

XT Yi = 

Log XT 

 Freq. 

Factor 

(k) 

Xay σ XT 

2.5       0.5  -0.03 1.82 0.26  1.31 1.85 0.31 2.30 

5       0.2  0.84 2.15 0.33  1.38 1.85 0.31 2.35 

10       0.1  1.31 2.41 0.38  1.49 1.85 0.31 2.38 

25      0.04  1.82 2.56 0.41  1.84 1.85 0.31 2.42 

50      0.02  2.14 2.82 0.45  2.42 1.85 0.31 2.75 

100      0.01  2.48 2.95 0.47  3.54 1.85 0.31 2.96 

Frequency factor (k) is a function of the coefficient of skew g.  

For Log Pearson Type III, g = 0.2 and Gumbel Distribution, g = 0.8.           

𝛔 = Standard deviation 

 

Result of Assessment of Uncertainty and Goodness of Fit: The result of 

assessment using Chi-Square to determine the extent of uncertainty and 

goodness of fit of Gumbel distribution and Log Pearson Type III to 

measure flood frequency of the study area is shown in Table 5. 
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Table 5: Computation of Goodness of Fit [Chi-Square Test] for Log 

Pearson Type III and Gumbel Distributions  

Tr Log Pearson Type III Distribution  Gumbel Distribution 

 Observed 

(O) 

Expected 

(E) 

(O-E)2 (O-E)2 

E 

 Observed 

(O) 

Expected 

(E) 

(O-E)2 (O-E)2 

E 

2 1.82 2.45 0.40 0.1620  2.30 2.58 0.078 0.0304 

5 2.15 2.45 0.09 0.0367  2.35 2.58 0.053 0.0205 

10 2.41 2.45 0.01 0.0065  2.38 2.58 0.040 0.0155 

25 2.56 2.45 0.01 0.0065  2.42 2.58 0.026 0.0099 

50 2.82 2.45 0.14 0.0559  2.75 2.58 0.029 0.0110 

100 2.92 2.45 0.25 0.1020  3.35 2.58 0.449 0.0174 

Mean  2.45  0.90 0.3696  2.58  0.675 0.01745 

Chi Square statistics; Log Pearson Type III = 0.3696, Gumbel 

Distribution = 0.01745 

 

At degree of freedom (df = 5) and significant level (α = 0.995), Chi-

Square (x2) returned the value of 0.0395 

 

The Result of the Predicted Yearly Peak Discharges at Mokoloki Dam 

Intake: In order to study further the occurrence of flood at Eriti 

watershed, flood frequency analysis was undertaken with a view to 

determining the annual maximum flood using the observed and 

predicted records of River Ogun flows at Mokoloki weir dam intake 

(gauging station) for ten years (Table 1). The data were then fitted to 

Gumbel distribution which had been selected as the best fit distribution 

for the watershed. Stream flow predictions for the different return 

periods were then calculated. Then, statistical analysis was performed to 

predict the peak yearly discharges and the results were recorded in Table 

6.  The results were also represented graphically as shown in Figure 3. 
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Table 6: Prediction of Peak Yearly Discharges at Mokoloki Dam Intake 

Return Period 

(Years) 

Predicted Discharge 

(m3/s) 

2.5 355.1 

5 560.5 

25 656.5 

50 785.4 

100 960.3 

200 1040.2 

500 1120.3 

1000 1211.1 

 

Discussion on Flood Frequency for River Ogun: Gumbel and Log 

Pearson Type III Distributions were chosen for flood frequency 

analysis of the watershed using the available hydrological data of 

River Ogun based on two cogent reasons. The first is inadequate 

river runoff data which makes it inevitable to utilize the most 

ecologically and hydrologically-fit measure. The second is the need 

to provide a suitable hydrologic inundation procedure that will 

generate the fundamental water level threshold for flood 

frequency. The outcomes of the analysis are discussed below: 

 
Figure 3: Frequency Curve for Eriti Watershed [Gumbel Distribution] 
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Gumbel Distribution Using Water Levels: The result for Gumbel 

Distribution using annual water level values of River Ogun is 

presented in Table 2. From the Table, the highest water level of 3.80 

m was recorded in the hydrological year 2008 which returned the 

highest recurrent interval of 18 years as expected. Conversely, the 

least water level of 1.60 m was recorded in the hydrological year 

2007 with a return period of just 1 year. The mean of the distribution 

is 2.40 m while the standard deviation is 0.91. The distribution 

shows that water level of 2.80 m would be experienced biennially 

in the watershed. However, the remaining parameters tabulated 

are important for estimation of the extreme values. 

Discussion on Log Pearson Type III Distribution: For Log Pearson 

Type III, a mean value of 2.40 was recorded with a standard 

deviation of 0.41 and coefficient of skewness of 0.079 as shown in 

Table 3. This implies that, the distribution is slightly skewed towards 

the high water level. This implies that, there is the likelihood of 

hydrological extremes in the watershed. The remaining parameters 

tabulated are paramount to the estimation of the extreme values 

too.   

Discussion on Overall Flood Frequency Using Water Levels: The 

overall flood frequency estimation is tabulated in Table 4 showing 

Gumbel and Log Pearson Type III computations. For each of the 

modelled return period, the exceedence probability reduces 

establishing the fact that the chances of occurrence of the extreme 

events reduces with increasing time. The statistical computation of 

Log Pearson Type III specifies that the flood level will increase from 

return of 2.5 years with 1.82 m water level to 100 years flood of 2.48 

m. Conversely, Gumbel distribution shows that flood level will 

increase to 2.30 m at the 2.5-year return period and it will increase 

marginally to 2.96 m by the 100-year return period. This implies that, 

the Log Pearson Type III indicated a small increase in water level at 

the 2-year return period and postulated that the increase would be 

monumental within the next century. However, the reverse is the 
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postulation of the Gumbel distribution for the same period of 

assessment. This means that there are contrasting increases in the 

response of the water levels at different hydrological years based 

on the return periods under consideration. Therefore, there is need 

to determine the appropriate postulations for inundation of Eriti 

watershed by performing assessment of the uncertainty and 

goodness of fit for the two distributions.  

Discussion on Assessment of Uncertainty and Goodness of Fit: 

With different postulations from the flood frequency measures of 

Gumbel distribution and Log Pearson Type III, it is germane to 

compute the extent of uncertainty and assess the fitness of the 

data for the inundation of Eriti watershed. Therefore, Chi-Square 

test was used to ascertain the fitness of either Gumbel distribution 

or Log Pearson Type III for flood frequency analysis owing to its 

inherent statistical properties for test of association and 

homogeneity which is the fundamental basis for validation of the 

two measures considered for the study as earlier mentioned.   

The output of the analysis is presented in Table 5. The computed 

Chi–Square statistics for log Pearson Type III is 0.3696 and Gumbel 

Distribution is 0.1745. With the degree of freedom (df) of 5 and 

0.995 significant level, Chi-Square returned the value 0.0395. By 

implication, Gumbel distribution falls within the designed threshold 

as stated in the null hypothesis that the distribution with the least 

probability at 0.995 significance level is suitable for postulation of 

flood analysis of the study area.  Thus it is accepted as the principal 

measure for flood inundation mapping. 

Discussion on Flood Frequency Analysis Using Stream Flows: The 
outcome of the predicted peak annual discharges recorded in Table 
6 shows that, the predicted discharge for 2.5-year returning period 
is 355.1 m3/s which is expected to be tripled (960.3 m3/s) in 100-year 
returning period and four times higher (1,210.1m3/s) in 1000-year 
returning period. The derived frequency curve for Eriti watershed is 
shown in Figure 3. The curve is adaptable for Lower Ogun River 
Basin since the watershed in question is within the Basin.   
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CONCLUSION AND RECOMMENDATION 
One of the most challenging issues in water resources and 
environmental engineering is the choice of appropriate flood 
frequency analysis. The challenge is further compounded by the 
extent of uncertainties and variability in river behaviours particularly 
water level measurements and discharge computations. The challenge 
has been surmounted in this study with simultaneous evaluation of 
two established and widely used methods of flood frequency analysis 
(Log Pearson Type III and Gumbel distribution). Gumbel distribution 
was concluded to be better because its probability has a lesser value 
which made it the preferred method for flood frequency analysis of 
Eriti watershed. Therefore, Gumbel distribution is recommended for 
flood frequency analysis of watersheds that are hydrologically-similar 
to Eriti Watershed. 
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