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ABSTRACT
The probabilistic modelling of extreme flood data is crucial to decision-making process in hydrological and
hydraulic projects. Consequences, it is necessary to find an unbiased plotting positions which will accurately
model probability distribution function. The appropriate plotting position for GEV, LP3, PR3 were evaluated
using statistical goodness-of-test. The PPF were evaluated based on optimum value of the goodness-of-fit-test;
Maximum absolute error (MAE), Nash-Sutcliffe efficiency (NSE), Percent bias (PBAIS) and Root-Mean Square
error (RMSE). On the basis of the selected goodness-of-fit tests, 8 unbaised plotting position formula
recommended of GEV, 7 for PR3, 6 for LP3 were evaluated with annual maximum series of Niger River at Baro,
Kouroussa and Shinkatu. The results of the study show that Weibull, is the best plotting position formula for
GEV, PR3 and LP3 distributions with overall percentage scores of 18.17%, 18.24% and 22.91% respectively.
The study also indicates that Chegodayev plotting position Formula is second with 17.18% for LP3 and 17.4 for
PR3 distributions. While Beard plotting position formula is second for GEV distribution with a score of
17.76%. The result of the study will complement the development of a standardised flood estimation manual for
flood frequency analysis in Nigeria.
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l. INTRODUCTION

Floods are responsible for 20 — 30 % of economic losses caused by natural hazards globally and also
responsible for more than 50 % of all fatalities due to natural disasters [1]. Furthermore, floods cause deaths,
sickness, stress, anxiety, and reduced environmental quality which cannot be quantified in monetary terms [2].
Consequently, large investments are expended in flood related engineering interventions in river basins. Due to
the enormous cost to societies in combating floods, there is need for accurate estimation of design flood and
exceedance probabilities for optimum design of infrastructural projects, flood risk estimation, and decision
making in water resources engineering. Thus the design flood estimation must be accurate as possible to avoid
severe economic implications, damages and loss of human life. The cumulative probability of non — exceedance
given as F(Q1) = P(Q< q) = 1- P(Qt» q) = ( 1-1/T), is the basis for estimating the magnitude of Q-+, given its
exceedance probability or its inverse the return period ( T ). The cumulative distribution function (CDF) may be
expressed in terms of the plotting position formulae (PPF), from it the exceedance probability and the return
period are computed.

The use of plotting position formulae has had a long history and research work on the subject is still
continuing [3]. Consequently, several plotting position formulae have been developed. Reviews of related
works include; [4] to [17]. Analysis of the reviewed literatures revealed numerous claims, counter claims and
recommendations among researchers concerning the use plotting position formulae. For example, [13] and [14]
studies the various plotting position methods on the criteria of unbiasedness and minimum variance, and
concluded that Weibull’s formula is biased and plots the largest values of a sample at too small return periods.
Also [17] studies estimation of plotting position for flood frequency analysis and proposed that plotting
positions are examined in more details and advocated collaboration amount researchers. Furthermore [15] has
shown that an underestimation of the Probability of extreme events has resulted from the use unbiased plotting
positions, and that this has had an adverse impact on building codes and other means for optimum design against
extreme — weather events. The various PPF predict different quantile values when extrapolated to extreme return
periods of exceedance probabilities.

In spite of significant progress made in development of plotting position formulae, the selection of an
appropriate plotting position from the plethora of plotting position formulae is still a subject of continuing
research investigation [16].. [18] evaluated flood flow probability distribution models on Niger and Benue river
basins in Nigeria and found GEV, LP3 and PR3 the best distribution. In this study, unbiased plotting position
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formulae for GEV, PR3, and LP3 distributions are evaluated using the numerical indices of MAE, PBIAS,
NSE and RMSE against eight unbiased plotting position formulae for GEV, seven for PR3 and six for LP3
using data from three hydrological stations on the Niger River in Nigeria. Presently, there is no recommended
probability distribution model(s) for flood frequency analysis and probability distribution are applied
inconsistently across Nigeria. The selection of appropriate plotting position formulae for GEV, PR3 and LP3
distributions will supplement flood frequency analysis standardisation in Nigeria.

I11. MATERIALS AND METHODS

3.1. Catchment and Hydrologic Characteristics

The data of three hydrological stations on the Niger river basin at Baro, Kouroussa and Shintaku were
employed in this study. The stations catchment attributes and descriptive statistics are shown in Table 1. The
Niger River basin covers a total area of approximately 2,156,000km? only about 1,270,000km? actively
contribute to runoff and river discharge. The whole basin is spread over the territory of ten countries. In Table 1,
the coefficient of variation shows that the flow is moderately variable. Secondly, the annual maximum
discharges are generally skewed and normal distribution will not be a suitable probability distribution model.

Figure 1 is map of the Niger River Basin showing the hydrological stations.

Table 1: Catchment Characteristics and Descriptive Statistics
Parameter Hydrological Stations
Baro Kourassou Shintaku
Latitude 08° 35’ 08° 51 07° 10’
Longitude 08° 23 10° 47 06° 45’
Minimum Flow 423 m*/sec 275 m¥/sec 7730.59 m¥sec

Maximum Flow
Mean Flow

Standard Deviation

1150 m%sec
716.34 m¥/sec
188.71 m¥sec

1185 m%sec
713.98 m¥/sec
223.643 m®/sec

16480 m*/sec
13, 320.8 m*/sec
2015.43 m¥/sec

Coefficient of Variation 0.264 0.313 0.151
Skewness 0.122 0.242 -0.671
Data length 1948 — 2000 (53 years) 1950 — 2000 (51 years) 1957 — 2014 (58 years)

1 1 1 1 1 1

A Selected discharge stations
All discharge stations
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Figure 1:Map of Niger River Basin showing hydrologic stations

3.2 Probability Distributions
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Parameter estimation for GEV distribution was performed using probability —weighted moments and
L-moments. While the method of moments (MOM) was used for LP3 and PR3. The steps followed to derive the
quantile relations for GEV, PR3 and LP3 distributions are presented for each distribution in subsections 3.1 to
3.4 respectively.

3.1.1 LOG PEARSON TYPE Il (LP3)

The LP3 is a member of Gamma distribution family. It uses 3 parameters: location (), scale (o) and shape (B).
If the logarithm of a variable (LNQ) obeys Pearson Type Il distribution, then Q can be described according to
the log. Pearson Type Il (LP3) distribution [3] and [19]. The steps using Method of Moment (MoM) estimators
to compute Q+ are:

i) Transform the Annual Maximum Series AMS) to LNQ4, LNQ,, ...... , LNQ,

i) Compute the mean (6), variance (GQ2 ) and skew (Cs) of the log-transformed series.

iii) Estimation of LP3 distribution parameters (o  and u) by the Method of Moment (MoM); the sample
moments (mean standard deviation and skew coefficient).

iv) Determine the MoM estimators: LP3 (o, B and u)

V) Calculate the frequency factor K+ is calculated as follows:
1\ %2

i) W = |LN — @)
P

i), _w 2.515517+0.802853w +0.010328w? @)

© 1+1.432788w+0.189269w” + 0.001308W?°

when p > 0.5, 1 — p is substituted for p in Equation 2 and the value of z computed by Equation 2 is given a
negative sign.

iii) Ky isapproximated by:

K, =z +(Z°-1)k+1(2°-62)k*~(2*-Dk*+zk*+ 1k® ©)

where k = Cs/6

Vi) The T-year flood quantile is obtained by Equations 4 and 5.

Z7=LNQt =y, + Kyo, 4)

QT = eZT (5)

3.1.2  Pearson Type Il1: Distribution

PT-111 is a three parameter distribution (o, B and u), therefore, three sample moments (mean (), variance (Gyz),
and skewness are required, from the sample data to compute the population parameters. The sample moments
(E(Q), var(Q) and Cs are estimated from their relations to the distribution parameters, which in turn, are
estimated by MoM. See [18] for detailed steps taken to compute quantile relation given in Equation 6:

Q; =a+pB+u+ K*\lAa2+,B (6)

3.1.3  Probability Weighted Moments/L-Moments

The L-Moments are easily calculated in terms of probability weighted moments. Sample probability weighted
moments, computed from data values Qq.n, Qo.n, ... Qnn, arranged in ascending order [20]. :

The 4L-Moments (A, A, Azand A,) were derived using the 4 PWMS. The procedure for fitting GEV distribution
using the PMW method are: i) arrange the observed annual maximum series in ascending order, ii) Calculate
the 4L-Moments (A Ao, Azand A4), iii) Calculate the 4 PWMs (by, by, b, and b3), iv) Calculate the three
parameters: location ({), scale (o ), and shape (k ). Using a specified recurrence interval, fit all the parameters
to the quantile relations and estimate the magnitudes.

The L-moments ratios are L-cv( 1,), L-Skewness  (t3) and L-Kurtoses ( t4), and defined as:

-7 —/1_2
L-CV=12 = i (7)
= T —/1_3
L — Skewness = 73 = dp (8)
T 24
L—kurtosis= ‘4 = 9
urtosi A3 9)

The parameters of GEV distribution are define according to [21] as:
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k = 7.8590c + 2.9554c® (10)
A,k
o= (11)
1-2-kK)I@+k)
&= —% A-T+k)) (12)
_ 2 log2 13)
3+7; log3

Where I" is a gamma function
The calculation proceed first with the calculation of the parameter “c” in Equation 13 using the L-skewness
estimator T3, then the shape parameter, k using Equation 10, followed by the scale parameter, a, according to

Equation 11. Finally, the estimate of the location parameter, &, using Equation 12, and sample mean Q given by

A1 (or bg). Once all parameters have been estimated, the quartile relation for GEV distribution calculated as
shown in Equation 14 see [21].:

Q=¢ +{%} [1—(— Iog(%‘l»ﬂ 1)

3.2 Numerical Evaluation of Plotting Position Formulae

Quantitative error assessment reporting the degree the simulated series matches with the observed series are use
to evaluate model performance. Model performance is high when the error is low, and low when the model error
is high. In this study, the error indices; NSE, RMSE, RSR, and PBIAS. presented mathematically in subsections
3.4.1 to 3.4.4 respectively have been used to assess the accuracy of the estimates [22] and [23].

3.2.1  Nash-Sutcliffe efficiency (NSE)

Z(Qi,obs _Qi,sim )2

NSE= ,_|i=t 0«NSE«1.0 (15)

Z(Qi,obs _Qohs)2

i=1

3.2.2 RMSE - Observation Standard Deviation Ratio (RSR)

_ RMSE_ {\/2(@'"“_@5“)2} (16)
3 Qs Qi

STDEV \/

i=1

N
323 MAE= % D |Q -PR| -%sMAE<1.0 (17)
i=1

3.2.4  Percent Bias (PBIAS)

PBIAS Z(Qi.ohs_Qi,sim) *100 (18)

i=1

n

> Qions )

i=1
3.3 Plotting position Formulae
The plotting position formula provides an estimate of the probability so that the data series can be plotted,
magnitude against probability. The plotting position formula depends on the assumed distribution and can be
expressed in a general form [11]:
i—a
n+l-2a

Where “a” varies from 0 to 0.5; Pi is the plotting probability and i is the rank in ordered observation with i = 1
for the smallest observation in data series. When a = 0.375, Equation becomes Blom Plotting position formula

Pi

(19)
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which gives unbiased quantiles for the normal distribution . For a = 0.44, the Gringorten formula which gives
unbiased quantiles for the Gumbel distribution. With the appropriate coefficient; Cunnane, Weibull and Bear
provide quantile — unbiased plotting position for a range of distributions as shown in Table 2

Table 2 Plotting Position Formulae

SIN Class Plotting Position Formula (PPF) Recommended Probability
Fi=() Distribution
1 Blom (1958) i—0.375 Normal Gamma, Log normal, log-
- = Pearson type Il
N +0.25
2. Gringorten (1963) i—0.44 Gumbel, Weibull, GEV
N +0.12
3. Cunnane (1978) i—04 GEV, log-Gumbel, PR3 LP3
N +0.2
4, Chegodayev i—0.3 Russia and Eastern Europe standard.
N +0.4
5. IN-na and Nguyen (1989) N —i+0.05Cs + 0.65 GEV
N —0.08Cs +0.38
6. Goel and De (1993) i +0.02Cs +0.32 GEV
N —0.04Cs +0.36
7. Kim et al. (2012) i—0.3200 GEV
N —0.0149C?s +0.1364Cs 0.3225
8. Weibull (1939) i All Distributions
N+1
9. Nguyen et al., (1989) 1-0.42 Pearson Types 3(PR3) -3<Cs<; 5<N<100
N + 0.3Cs +0.05
10. Bear (1945) i—0.3175 All Distributions
N +0.365
11. In-na (1988) 1-053+0.3 PR3
N +0.05+0.3
12. Hosking (1990) i—0.35 Some 3-parameter Distribution
N

V. RESULTS AND DISCUSSION
4.1 Results
All calculations and graphical plots were performed using MS Excel software (2010 version). The MS Excel
has built — in functions which implemented applied routines.
4.1.1: Quantile Relations.
Distribution fitting is a critical component of frequency analysis wherein a probability distribution that best fit
geophysical data selected and used to established a quantile relation , which in-turn used foe extrapolation to
higher return periods. Tables 3, 4. And 5 show the quantile relations for GEV, PR3 and LP3 distributions which
were used to evaluate the best plotting position formula for each distribution.

Table 3: Quantile Relations for GEV Distribution.
Station Qr — T Model

Baro
Qr=645.97 + 746.29 * {1 — (-LN {1 — (_ LN (]_ — %))0-25343}
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Kourassou
0.1786
Qr=62348+119505* (1- (INs 1L — (=LN (1— ?))
Shintaku 1
0.5532
Qr=1287551+401557* (1- (N3 L — (—LN (1— ?))
Table 4: Quantile Relations Pearson Type 3 Distribution
Station Qr — T Model B o y
Baro Qr =716.34 + 188.71Ky 268.56 1152 237623
Kouroussa QT =713.98 + 223.64K+ 68.65 26.99 -1139.05
Shintaku Qr =13320.80 + 2015.43K¢ 8.90 675.72 7309.44
Table 5: Quantile Relations for Log — Pearson Type 3 Distribution
Station Qr — T Model:LNQr = p,+ Kyo, [ U,
Baro LNQr =6.541 + 0.274K+ 0.274 6.541
Kouroussa LNQr=6.52 + 0.33Ky 0.449 0334 6520
Shintaku LNQr = 9.495 + 0.164K+ 0.151 0.164 9.485
Table 6: Percent Scores of PPF for GEV Quantile Relations.
PPF Hydrological Stations(GEV) Hydrological Stations(PR3)
Baro Kourous Shintak TOTL Baro Kourou Shintaku Total
Cunnane 10.81 07.91 15.85 11.54 15.03 14.77 11.81 13.87
Weibull 16.89 20.53 17.07 18.17 15.03 17.45 22.22 18.24
Gringorten 08.11 04.64 13.42 08.72 17.65 16.78 18.06 17.49
Beard 17.57 19.87 15.85 17.76 16.99 14.77 15.28 15.68
IN-NA & Ngugea 16.22 15.23 07.32 12.92 09.15 08.54 10.42 09.21
Geol & De 16.22 15.23 13.42 14.96 09.15 08.73 06.94 08.27
Kim et al. 10.14 10.60 07.32 09.35 09.15 11.41 09.28 09.87
Hosking 04.06 05.96 09.76 06.59 07.84 08.54 06.25 07.38
PPF: Plotting Position Formulae
Table 7: Percent Scores of PPF for LP3 Quantile Relations
PPF Hydrological Stations (LP3)
Baro Kourous Shintak TOTAL
Cunnane 15.07 18.29 1111 14.98
Weibull 19.18 17.07 33.33 22.91
Blom 12.33 15.85 13.89 14.10
Beard 17.81 17.07 16.67 17.18
Chegodayev 16.44 15.85 19.44 17.18
Ngugen 19.18 15.85 05.56 13.66
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10.14%Kim etal.

Fig. 2: Percent Scores of PPF for Baro (GEV) Fig. 3: Percent Scores of PPF for Kouroussa (GEV)

9.76 % Hos

7.32% Kim et
al.,

Fig. 4: Percent Scores of PPF for Shintaku (GEV) Fig. 5: Total(%) Scores Baro, Kour.& for Shntaku (GEV)

7.38 % Hosk
9.86 % In-na

Fig. 6: Total(%) Scores Baro,Kour.& for Shntaku (PR3) Fig. 7: Total(%) Scores Baro,Kour.& for Shntaku ( LP3)
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4.1.2: Evaluation of Plotting Position Formulae
Pie charts

Pie charts were constructed for graphical assessment and visualization of numerical evaluation of the
selected plotting position formulae. Figures 2-7 show reults of the selected PPF for GEV, LP3 and PR3 at Baro,
Kouroussa and Shinkatu respectively and so on. The predicted series of each plotting position formula model
was obtained by inputing the exceedance probability or its inverse, the return period (T) into the respective
quantile models in Tables 3- 5. The predicted and observed series were inputed into the numerical assessment
indices to compute MAE, NSE, PBIAS, and RMSE.

The computed values by the numerical indices were ranked according to the number of PPF involved.
For example, for GEV distribution, eight PPF were used in the comparative study, seven for Pearson type 3, and
six for LP3 distributions.

Ranking scores are assigned to each plotting position formulae according to the optimal value of the
test statistic. For examples, a plotting position formula with MAE, RMSE and PBIAS values, of zero and NSE
value of 1.0 is scored 8. In case of a tie, equal scores are given to the contending plotting position formulae. The
plotting position formulae were ranked on the scale of 1 to 8 for GEV distribution with a score of “8” being the
best and 1, the least.

For PR3 distribution, the PPF were ranked on a scale of 1 to 7, a score of 7 is ranked the best and 1 the
least, while for LP3, the PPF were ranked on a scale of 1 to 6, a score of 6 being the best and 1the least. Finally,
for each Distribution, all the PPF across each hydrological station, the total scores for each plotting position
formulae is obtained by summing the individual scores across the goodness-of-fit-tests.

Tables 5 and 6 show the percentage scores of each PP formula across the stations. These values have
been translated into pie charts for graphical assessment and visualization of the performances of the PPF for the
distributions across the sStudy stations.

The pie charts in Figures 2-4 indicate the percent scores of all the plotting position formulae across the
stations for GEV distribution. Figure 5 indicates the overall performances of the unbiased plotting position
formulae for GEV across the hydrological stations. Figures 6 and 7 show the overall scores of all plotting
position formulae for both Pearson type 3and Log — Pearson type 3distributions across the stations. Figures 5-7,
indicate that Weibull is the best plotting position formula for GEV distribution with a percentage score of
18.17%, seconded by Beard with 17.76%. Also for PR3 distribution, Weibull is the best with percentage score
of 18.24%, seconded by Chegodayev with 17.49% . Similarly for LP3, Weibull scored 22.91%, seconded by
both Chegodayev 17.18% and Beard 17.18%.

This study is corroborated with similar studies, for example; [9] studied the ranking of plotting position
formulae for South India; [24] compared plotting position formulae for the Pearson Type 3 distribution for
Malaysian Peninsula; Also, Adeboye and Alastise (2007) [25] fitted the normal distribution to peak flow
discharges of two rivers in Nigeria, all found the Weibull plotting position formula most suitable for frequency
analysisof flood and rainfall data. Furthermore, the study agrees with [26] who found Weibull plotting position
most appropriate with Pearson Type 3 (and LP3) distributions. Finally studies recommending different PPF for
GEV, LP3 and PR3 are rejected.

V. CONCLUSION

The selection of appropriate plotting position formulae for Generalized Extreme Value, Pearson Type 3
and Log-Pearson Type 3 distributions have been studied in this paper. Eight unbiased plotting position formulae
recommended for GEV distribution were evaluated. Also, seven recommended for Pearson Type 3 and six for
Log-Pearson distributions were also evaluated.

Parameter estimation for GEV distribution was executed using Probability-Weighted Moments/ L-
moments. While MOM was applied to PR3 and LP3 distributions. The best plotting position formula is
identified based on the highest total rank score of goodness-of-fit tests.

The results indicate Weibull is the best PP Formula for GEV, LP3 and PR3 distributions, seconded by
Chegodayev. The results found in this research study is useful for water resources management and design
hydraulic structures in the Niger River basin.

REFERENCES

[1]. G. Berz, (2000), Flood Disasters: Lessons from the Past — Worries for the Future. Proceeding Institution of Civil Engineers, Water
and Marine Engineering, Vol. 142, pp. 3 — 8. Paper 12212

[2]. United Nations Development Programme( UNDP), 1991

[3]. A.A. Rao and K.H. Hamed (2000),FLOOD FREQUENCY ANALYSIS, CRC Press, ISBN 0-412-55280-9

[4]. L.R. Beard, 1943. Statistical analysis in hydrology. Trans. Am. Soc. Cir. Eng., 108: 1110-1160.

[5]- G. Blom, (1958). Statistical estimates and transformed beta variables. John Wiley and Sons, New York.

[6]. I.1. Gringorten, (1963). “A plotting rule for extreme probability paper.” Journal of Geophysical Research, VVol.68, No. 3, pp. 813-
814.

DOI:10.9790/1813-1012014553 www.theijes.com Page 52



Numerical Assessment of Plotting Position Formulae on Generalized Extreme Value(GEV), ..

[71.
8.

[9].

[10].

[11].
[12].

[13].
[14].

[15].
[16].
[17].
[18].
[19].
[20].

[21].

[22].
[23].
[24].

[25].

[26].

N. In-na, and V-T-V. Nguyen, (1989). “An unbiased plotting position formula for the generalized extreme value distribution.”
Journal of Hydrology, Vol. 106, pp. 193-209.

H. Ahn, H. Shin, S. Kim, and J. H. Heo,(2020) Comparison on Probability Plot Correlation Coefficient Test Considering
Skewness of Sample for the GEV Distribution J. KOREA WATER RESOURCES ASSOCIATION, Vol. 47, No. 2:161-170,
http://dx.doi.org/10.3741/JKWRA.2014.47.2.161 pISSN 1226-6280 * eISSN 2287-6138

A. Murugappan, S. Sivaprakasam, and S. Mohan, (2017) “Ranking of Plotting Position Formulae in Frequency Analysis of Annual
and Seasonal Rainfall at Puducherry, South India”. Global Journal of Engineering Science and Researches, 4(7), 67 — 76. ISSN
2348 — 8034.

S. Kim, H. Shin, K. Joo, and J.H. Heo,. (2012). “Development of plotting position for the general extreme value distribution.”
Journal of Hydrology, Vol. 475, pp.259-269.

C. Cunnane, . (1978). “Unbiased plottoing posiions-A review.” Journal of Hydrology, Vol. 37, No. 3/4, pp.205-222.

N.K. Goel, and M. De, (1993). “Development of unbiased plotting position formula for General Extreme Value distribution.”
Stochastic Environmental Research and Risk Assessment, Vol. 7, pp. 1-13.

L. Makkonen, (2006). “Plotting Positions in Extreme Value Analysis” Journal od Appl. Meteorol. and Climatol., 45, pp. 334 — 340.
L. Makkonen, M. Pajari, and M. Tikanmaki, (2013). Discussion on “ Plotting positions for fitting distributions and Exreme Value
Analysis”. Canadian. J. Civ. Eng. 40: 927 — 929.

R.J. Connell, and S. Mohessen(2015) “ Estimation of plotting position for flood frequency analysis, HWRS, pp. 1-
9.https://www.researchgate.net/publication/ 309177974.

M.J.B. Alam, and A. Matin, (2005) “ Study of Plotting Position Formulae for Surma Basin in Bangladesh” Journal of Civil
Engineering , 33(1), 9-17.

B. Masse, (2017). “Frequency Analysis and Plotting Positions”, Leadership in Sustainable Infrastructure, HYD725 — 1 to HYD725-
9.

1. Ologhadien, (2021) Flood Flow Probability Distribution Model Selection on Niger/Benue River Basins in Nigeria, Journal of
Engineering Research and Reports, 20(5): 76-94, 2021; Article no.JERR.67107, ISSN: 2582-2926

B. Naghavi, and F. Yu Xin, (1996). Selection of Parameter- Estimation Method For LP3 Distribution. Journal of Irrigation and
Drainage Engineering, Vol. 122, No. pp.24 — 30.

A. Chadwick, J. Morfett, and M. Borthwick, (2004). Hydraulics in Civil and Environmental Engineering , 4™ Edition, ISBN O —
415 - 39236 - 5.

N. Millington, S. Das, and S.P. Simonovic (2011). “The Comparison of GEV, Log — Pearson Type 3 and Gumbel Distributions in
the Upper Thames River Watershed under Global Climate Models” Department of Civil and Environmental Engineering, The
University of Western Ontario, London, Ontario, Canada.

P. Krause., D.P. Boyle, and F. Base.(2005). Comparison of different efficiency criteria for hydrological model assessment, advances
in Geosciences , 5, pp.89 — 97.

D.N. Moriasi, M.W. Gitau, N. Pai, and P. Daggupati..(2015). Hydrologic and Water Quality Models:Performance Measures and
Evaluation Criteria. Transactions of the American Society of Agricultural and Biological Engineers, Vol. 58(6): 1763- 1785.

A. Shabri, A. (2002). “A comparison of plotting position formulas for the Pearson Type III distribution”, Journal Teknologi, 36©,
Jun. 2002: 61 — 74, Universiti Teknologi Malaysia

0.B. Adeboye and M.O. Alatise and “Performance of Probability Distributions and Plotting Positions in Estimating the Flood of
River Osun at Apoje Sub-basin, Nigeria”. Agricultural Engineering International: the CIGR Ejournal. Manuscript LW 07 007. Vol.
1X. July, 2007.

A.M. Mehdi (2011) A probabilistic model of nuclear import of proteins. Bioinformatics 27(9):1239 — 46.

DOI:10.9790/1813-1012014553 www.theijes.com Page 53


https://www.researchgate.net/publication/%20309177974

