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ABSTRACT 

Probability distribution models were developed for forecasting of flood level along Niger River and its major 

tributary, Benue River in Nigeria. Nine gauging stations were selected along the river channels; annual peak 

flood levels were selected and subjected to five different probability distribution analyses to determine the best 

fit probability functions for each gauging station. The probability distribution models adopted are Gumbel, Log-

Gumbel, Log-Normal, Log-Pearson and Exponential distribution functions. Mathematical equations were 

established and used to predict values of flood levels. Statistical tests comprising of chi-square, student’s t-

distribution, correlation coefficient, coefficient of determination, and standard error of estimate were carried out 

to determine the reliability of the predicted values. The model that satisfies the statistical tests mostly was 

selected as the best fit model.  

The study revealed that the peak flood levels at Idah, Yola, Garua and Dadinkowa are best fitted with Gumbel 

probability distribution model, while at Jebba and Lokoja the best fit probability model is Log-Gumbel. At Ibi 

the best fit probability model is Log-Normal, while at Makurdi and Onitsha the best fit probability model is 

Log-Pearson. 

 

Significance: Series of problems have been discovered to be militating against the collection and monitoring 

of hydrological data on most rivers in Nigeria, this necessitates a need for developing 

probability distribution model(s) which can be used for the prediction of hydrological data 

such as flow rates and levels for planning and design of hydraulic structures and hydrological 

based schemes. 
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1.0 INTRODUCTION 

The prediction of the magnitude and the frequency of extreme hydrologic event characteristics such as the peak 

flood level or discharge is one of the most important practical tasks of hydrology. The magnitude of peak flood 

levels or discharges can be related to frequency by fitting the observed peaks to a theoretical probability 

distribution and hence the magnitude of the hydrologic event for any return interval can be estimated. Haktanir 

(1992) reported that frequency analysis is an established method for determining critical design discharge for 

small to moderate sized hydraulic structures. In flow frequency analysis an assumed probability distribution is 

fitted to the available data to estimate the flood magnitude corresponding to return periods and the appropriate 

distribution models that represent the river flows are chosen. The choice of the probability distribution model is 

almost arbitrary as no physical basis is available to rationalize the use of any particular function; the search for 

the proper distribution function has been the subject of several studies (Warren et al, 1972; Viessman et al, 

1989; Wilson, 1990; and Topaloglu, 2002).  
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Benson (1968) stated the conclusions of a Work Group established by the Water Resources Council of the USA 

with the objective of developing a uniform technique of determining flood frequency. The Work group applied 

six probability distribution methods to flood records at 10 stations in parts of the USA. The six methods are two-

parameter gamma, Gumbel (EV1), Log-Gumbel, Log-normal, three-parameter Log-Pearson Type III (LP3), and 

Hazen’ method. No statistical tests were applied to determine the goodness of fit. Instead, flood discharges for 

various return periods (2-50 years) were obtained from the probability plots and compared with the 

corresponding values from the hypothesized distributions. The standardized average deviations were found to be 

high for gamma, EV1 and Log-Gumbel, but lower for the LN2, LP3 and Hazen methods. Among these, the LP3 

distribution was preferred for being in common use, and for being capable of fitting skewed data. The 

conclusions and recommendation of that study have led to the wide-scale adaptation of the LP3 distribution in 

the USA.  Cicioni et al (1973) considered Log-Normal (LN), Pearson type III (P3) and generalized extreme 

value (GEV) distributions for the flood data from 108 stations in Italy. Statistical tests such as chi-square (χ
2
), 

Anderson-Darling, and kolmogrov smirnov (KS) were applied and the best fitting distribution was found to be 

LN from the chi-square test and EVI and LP3 probability distributions are suggested by the other tests. Beard 

(1974) estimated the 1000 years floods at 300 stations in the USA with models such as LN, Gamma, Log-

Gumbel and LP3. LN and LP3 came close to reproducing the expected exceedences and were concluded to be the 

best.  Gunasekara and Cunnane (1992) repeated the split sample experiments of Beard with synthetic data 

consisting of samples of 40 events. They tried 13 methods on data generated from seven different population 

distributions and concluded that the general extreme value (GEV) distribution with probability weighted 

moments (PWMs) estimated parameters was the best on site method to estimate the 100 and 1000 year floods 

from a sample of 20 events. Log – Pearson type III with regional skew gave comparable results for the 

remaining events. Vogel et al (1993) also adopted Normal (N), Log-Normal (LN), Gumbel (EVI type 1) and 

Log-Pearson type III distribution models to the flood flow data on 38 sites in the South-West USA. The results 

of the probability distribution models adopted were compared graphically with the observed data. The predicted 

models that compare favourably well with the observed values are considered as the best distribution models. 

Onozo and Bayazit (1994) evaluated flood flow records from a total of 1819 sites by various statistical 

procedures to determine the best fitting probability distributions. Seven probability distributions were 

considered, three of these have two parameters (N, LN2, and EV1) and four have three parameters (LN3, GEV, 

P3, and LP3). They discovered that there were some differences in the results with respect to the site and the 

procedure, the generalized extreme value distribution was found to be superior to the other six distributions 

considered.      

Salami (2004) studied the flow along Asa River, Nigeria, and established statistical distribution model for flow 

prediction at gauging stations along the river. The peak flows in all the gauging stations are best fitted with log-

Pearson. Salami (2006) studied the peak reservoir inflow at the three hydropower dams in Nigeria and 

established probability distribution models for the prediction of the inflow into the dams. Various probability 

distribution models were fitted to the peak reservoir inflow and the suitable model was selected based on the 

goodness of fit tests. The Gumbel (EVI type 1) probability distribution model was found to be appropriate for 

both the Kainji and Jebba hydropower reservoirs, while Log-Pearson was found to be appropriate for Shiroro 

hydropower reservoir.  

However, this study focuses on the application of the currently popular probability models to the series of 

annual instantaneous flood peaks of the Niger River basin, and to attempt to reach a conclusion about the best or 

better fitting models. The gauging stations are shown in Fig. 1. 

 

2.0 METHODOLOGY 

2.1 Data Collection 

The flood level data were obtained at the National Inland Waterways Authority, (NIWA) Lokoja, Nigeria. The 

selected gauging stations include; Jebba, Idah, Lokoja, and Onitsha for Niger River; and Markudi, Ibi, Yola, 

Garua and Dadinkowa gauging stations for Benue River. A total of 27 and 25 years flood levels data were 

available for Jebba and Idah gauging stations, respectively, while 46 years flood levels data were available for 

Lokoja and Onitsha gauging stations. A total of 21, 26, 38, 28, and 25 years flood levels data were available for 

Markudi, Ibi, Yola, Garua and Dadinkowa gauging station, respectively.  
 

 

2.2 Data Analysis 

The peak flood levels were selected from the collected data for each year and ranked according to Welbull’s 

plotting position and the corresponding return period was estimated. The selected data were then evaluated with 

five methods of probability distribution functions to determine the bestfit model. The methods are Gumbel (EVI 

type1), Log-Gumbel, Log-Normal (LN), Log-Pearson type III (LP3) and Exponential probability distribution 

models. The summary of the statistics for the peak flood levels data is presented in Table 1. 
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Fig. 1 Map of Nigeria showing gauging stations along Niger River basin 
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Table 1.  Summary of statistics for the peak flood level at each gauging site 

Parameters River Niger River Benue 

Jebba Onitsha Lokoja Idah Markudi Ibi Yola Garua Dadinkowa 

Period of 

data (Years) 

27 46 46 25 21 26 38 28 25 

Mean (m) 19.14 11.60 9.96 9.59 8.60 7.93 6.24 6.52 6.17 

Std. dev (m) 0.89 1.31 0.94 2.34 2.44 0.90 0.72 0.91 0.76 

Skewness 

coefficient 

(G) 

-1.08 2.19 -0.45 -2.55 -0.69 0.07 0.57 -1.49 -0.80 

Coefficient 

of variation 

(Cv) 

0.05 0.11 0.10 0.25 0.28 0.11 0.12 0.14 0.12 

Max. flood 

level (m) 

20.25 17.58 11.81 11.61 11.17 9.46 8.06 7.60 7.47 

Min. flood 

level (m) 

16.94 8.34 7.15 2.21 3.99 6.25 4.80 3.87 4.27 

  

The probability distribution analysis was carried out in accordance to standard procedure (Warren et al, 1972; 

Viessman et al, 1989; Wilson, 1990; Haktanir, 1992; Mustapha and Yusuf, 1999 and Topaloglu, 2002). The 

mathematical expressions obtained for various probability distributions functions are presented in Table 2. The 

established mathematical expressions obtained for each function were used to predict values of flood levels for the 

estimated return periods which would be used in performing the statistical tests (goodness of fit tests) for the 

selection of the best fit models.  

 

Table 2    Mathematical expression for probability distributions 

 

S/N Gauging station Probability distribution Developed Equations for Peak flood level 

1. Jebba Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 1.282+0.021 KT 

HT = 18.741+0.693YT 

Log HT = 1.272+0.016 YT 

Log HT = 1.282+0.021 K’T
 

HT = 18.643 e 
0.007Tr

 

2. Onitsha Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 1.062+0.046 KT 

HT = 11.015+1.021YT 

Log HT = 0.939+0.214 YT 

Log HT = 1.062+0.046 K’T
 

HT = 10.943 e 
0.115Tr

 

3 Lokoja Log-Normal Log HT = 0.995+0.0529 KT 
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Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

HT = 9.514+0.747YT 

Log HT = 0.9775+0.0330 YT 

Log HT = 0.995+0.0529 K’T
 

HT = 3.521e 
-0.0122Tr

 

4. Idah Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 0.958+0.178 KT 

HT = 8.540+1.826YT 

Log HT = 0.878+0.139 YT 

Log HT = 0.958+0.178 K’T
 

HT = 7.972 e 
0.030Tr

 

5. Makurdi Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 0.915 + 0.144 KT 

HT = 7.502 + 1.905YT 

Log HT = 0.85 + 0.112 YT 

Log HT = 0.915 + 0.144 K’T
 

HT = 6.7527 e 
0.0598Tr

 

6. Ibi Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 0.897 +0.045 KT 

HT = 7.566 + 0.635YT 

Log HT =0.877 + 0.035 YT 

Log HT = 0.897 + 0.04 K’T
 

HT = 7.3233 e 
0.0205Tr

 

7. Yola Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 0.792 + 0.058 KT 

HT = 5.910 + 0.563YT 

Log HT = 0.816 + 0.041 YT 

Log HT = 0.792 + 0.053 K’T
 

HT = 5.8274e 
0.0151Tr

 

8. Garua Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 0.784 + 0.143 KT 

HT = 5.685 + 1.104YT 

Log HT = 0.720 + 0.112 YT 

Log HT = 0.78 + 0.143 K’T
 

HT = 5.5525e 
0.0212Tr

 

9. Dadinkowa Log-Normal 

Gumbel (EVI) 

Log-Gumbel 

Log-Pearson 

Exponential 

Log HT = 0.787 + 0.055 KT 

HT = 5.828 + 0.588YT 

Log HT = 0.762  + 0.043 YT 

Log HT = 0.787+ 0.055 K’T
 

HT = 5.6375 e 
0.0227Tr

 

 

2.3 Statistical test for the selection of best fit probability distribution models  

The acceptability and reliability of the fitted probability distribution models were tested using goodness of fit tests. 

The goodness of fit statistical tests include chi-square (χ
2
), t- distribution (t), probability plot coefficient of 
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correlation (r), coefficient of determination (R
2
) and standard error of estimate (Se). The statistical tests were carried 

out in accordance with standard procedure (Chowdhury and Stedinger, 1991; Adegboye and Ipinyomi, 1995; Dibike 

and Solomatine, 1999; Murray and Larry, 2000). The observed and the estimated flood levels were used in the chi-

square test to determine the best fit models. If the ratio of calculated chi-square to the tabulated chi-square (χ
2
cal / 

χ
2

tab) is less than one, the model is strong. But for the t-distribution test, the ratio (tcal / ttab) has to be higher than one 

for the model to be strong. For probability plot correlation coefficient (r) and coefficient of determination (R
2
) tests, 

the value must be between -1 to +1. The closer the result of the test is to 1, the higher their chances of being 

accepted. For standard error of estimate, the results of the tests are expected to be closer to Zero. The goodness of fit 

tests was performed on the values of flood level predicted for all the probability distribution models. The results of 

statistical tests for the best fit models are presented in Table 3. 

 

 

Table 3  Statistical tests and the selected best fit models  

 

S/N Gauging 

stations 

Best fit 

distribution model 

χ
2
cal χ

2
tab tcal ttab R

2
 R Se 

1. Jebba      Log-Gumbel 0.14 25.00 181.76 1.75 0.9995 1.0000 0.0055 

2. Onitsha Log-Pearson 1.37 60.46 14.12 1.68 0.8004 0.9507 0.0674 

3. Lokoja Log-Gumbel 0.50 60.46 18.44 1.68 0.8757 0.9802 0.0531 

4. Idah Gumbel 4.71 22.36 4.42 1.77 0.5300 0.8394 0.1901 

5. Markudi Log-Pearson 0.47 16.92 11.64 1.84 0.9356 0.9542 0.0896 

6. Ibi           Log-Normal 0.10 23.68 11.93 1.76 0.9377 0.7961 0.0667 

7. Yola        Gumbel 0.06 38.89 27.02 1.71 0.9725 0.8778 0.0325 

8. Garua Gumbel 2.97 26.30 5.26 1.79 0.5309 0.9011 0.1712 

9. Dadinkowa Gumbel 0.20 22.36 8.44 1.77 0.8701 0.8129 0.0999 

 

 

3.0 RESULTS AND DISCUSSION 

The flood levels data were evaluated by various probability distributions functions to determine the best fit model. 

The mathematical equations for the evaluation of the selected probability functions are presented in Table 2. The 

results of the goodness of fit tests and the best fit models are also presented in Table 3. 

The peak flood levels at Jebba gauging station has a value of (χ
2
cal / χ

2
tab), (tcal / ttab), R

2
, r and Se as 0.0056, 103.686, 

0.9900, 1.0000 and 0.0055 respectively for Log-Gumbel distribution. From this result, the value of the ratio of 

calculated chi-square to the table chi-square (χ
2
cal / χ

2
tab) is less than one and model gives value of 1 for correlation 

coefficient (r) which shows that the model is strong and there is a close linearity between the observed and the 

predicted flood level, other goodness of fit tests satisfied the condition. The peak flood level at Onitsha gauging 

station has a value of (χ
2

cal / χ
2

tab), (tcal / ttab), R
2
, r and Se as 0.0227, 8.3975, 0.8004, 0.9507 and 0.0674 respectively 

for Log-Pearson distribution. From this result, the value of the ratio of calculated chi-square to the table chi-square 

(χ
2

cal / χ
2

tab) is less than one and the model gives value of 0.8004 for correlation coefficient (r) which shows that the 

model is strong; other goodness of fit tests satisfied the conditions. The goodness of fit test results obtained for 

Lokoja and Idah gauging stations respectively were also compared accordingly to determine the best probability 

distribution model for them, the results favors Log-Gumbel for peak at Lokoja, while Gumbel is best for peak flood 

level at Idah. The peak flood level at Makurdi gauging station has a value of (χ
2

cal / χ
2

tab), (tcal / ttab), R
2
, r and Se as 

0.0278, 6.3486, 0.9356, 0.9542 and 0.0896 respectively for Log-Pearson distribution. From this result, the value of 

the ratio of calculated chi-square to the table chi-square (χ
2

cal / χ
2
tab) is less than one and the model gives value of 

0.9542 for correlation coefficient (r) which shows that the model is strong and there is a close linearity between the 

observed and the predicted flood level, other goodness of fit tests satisfied the conditions for the selection. The 

goodness of fit test results obtained for Ibi gauging station was also compared accordingly and the best probability 

distribution model for the peak flood is Log-Normal distribution. The statistical test results obtained for the peak 
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flood levels at Yola, Garua and Dadinkowa gauging stations respectively were also compared accordingly, the 

values of (χ
2

cal / χ
2

tab), (tcal / ttab), R
2
 , r  and  Se suggest Gumbel distribution as the best probability distribution 

model.   

 

4.0 CONCLUSIONS  

Log-Gumbel distribution was found to be appropriate for Jebba and Lokoja, while Log-Pearson distribution was 

found to be appropriate for Makurdi and Onitsha. Log-Normal distribution was found to be appropriate for Ibi 

gauging station, and Gumbel (EVI type I) distribution was found to be appropriate for flood levels at Idah, Yola, 

Garua, and Dadinkowa gauging stations. The established best fit probability distribution models will be useful 

guides in the prediction of the flow regimes at the selected gauging stations along Niger and Benue Rivers.  The 

established best fit probability distribution models are recommended for the prediction of the flow regime at the 

selected gauging stations along the Niger and Benue Rivers. 

 

5.0 REFERENCES 

Adegboye, O.S and Ipinyomi, R.A (1995). Statistical tables for class work and examination. Tertiary 

publications Nigeria Limited, Ilorin, Nigeria, pp. 5 - 11  

Beard, L.R. (1974). Flood flow frequency techniques. Center for Research in Water Resources, University 

of Texas 

Benson, M.A. (1968). Uniform flood estimating methods for Federal agencies. Journal of Water Resources. 

4 (5); PP 891 – 908 

Chowdhury, J.U. and Stedinger, J.R. (1991). Goodness of fit tests for regional  generalized extreme value 

flood distributions.  Water Resource. Res., 27(7):1765 – 1776. 

Cicioni, G,   Guiliano, G  and F.M. Spaziani, (1973). Best fitting of probability functions to a set of data for 

flood studies. Water Resources Publication, Fort Collini, Company. 

 Dibike, B.Y and Solomatine, D.P (1999). River flow forecasting using Artificial Neural Networks. Paper 

Presented at European Geophysical Society (EGS) xxiv General Assembly. The Haugue, The Netherlands, 

1 – 11. 

 Gunasekara,T.A.G. and Cunnane, C., (1992). Expected probabilities of exceedences for non – normal  

flood distributions. J. Hydrol., 128: 101 – 113. 

 Haktanir, T. (1992). Comparison of various Flood frequency distributions using Annual flood peak data of 

Rivers in Anatolia. J. Hydrol. 136: 1-31 

 Mustapha, S. and Yusuf, M.I. (1999). A Textbook of Hydrology and Water Resources., Jenas Prints & 

Publishing C., Abuja, Nigeria, pp. 164 – 184, First edition. 

 Murray, R.S and Larry, J.S (2000). Theory and problems of statistics. Tata Mc Graw – Hill Publishing 

Company Limited, New Delhi, pp. 314 – 316, Third edition. 

 Onos, A. and Bayazit, B (1994). Best distributions of largest available flood samples. Journal of Hydrology 

167; PP 195 - 208. A publication of library @ ice. Org. uk. 

 Topaloglu, F (2002). Determining suitable probability distribution models for flow and precipitation series 

of the Seyhan River Basin” Turk Journal of Agric 26; PP 187 - 194.  

W.  A Salami & N. A Egharevba  

 

 

 



Journal of Engineering and Technology (JET) Vol. 3, No. 1 February 2008 

75 

 

 Salami, A.W (2004). Prediction of the annual flow regime along Asa River using probability distribution 

models. AMSE periodical, Lyon, France. Modelling C-2004, 65 (2) , 41-56.  (http://www.amse-

modeling.org/content_amse2004.htm) 

 Salami, A.W (2006). Probability Distribution Models for the Prediction of Peak reservoir inflow at 

Hydropower Dams in Nigeria. Seminar paper presented at the 2
nd

 series of  20005/2006 session at Faculty 

of Engineering and Technology, University of Ilorin,  Ilorin., Nigeria 

 Viessman, .W, Krapp, J.W and Harbough, T. E (1989). Introduction to Hydrology. Harper and Row 

Publishers Inc., New York.  pp. 675 – 695, Third edition. 

 Vogel, R.M, Thomas, W.O and Mahon, T.A (1993). Flood flow frequency model selection in South 

Western United States. Journal of Water Resources planning Management. ASCE 119 (3): 353 – 366.  

 Warren, .V, Terence, E.H and. John, W.K (1972). Introduction to hydrology. Published, In text Educational 

Publishers, New York, pp. 106 – 141, Second edition.  

 Wilson, E.M (1990). Engineering Hydrology. Macmillan Press Ltd. Houndmills, Basing Stoke, Hampshire 

and London, pp. 172 – 180, Second edition.  

 

W.  A Salami & N. A Egharevba  

 

 

 


