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Abstract

In the engineering design of hydraulic structuresifflood alleviation and storm water
management in or near a river, the magnitude of @gsflood is required. For the purpose
of evaluating the flood discharge for various returperiods (FFA) for a particular river,
several methods are utilized depending on the alaility of data and amount of discharge
details required and where hydrometric measuremeatg limited as is the case of the
catchment under study, estimates are made by mow@ntone method and engineering
judgment used in deciding design values.

In this study, the extreme value Type 1 (Gumbelddrog-Pearson Type Il probability
distributions have been alternatively utilized teengform flood frequency analysis on the
peak annual series discharge data of Ikpoba RivémBenin City for the water years 1989 to
2000. The predicted design floods by alternativedels for return periods of 2yrs, 5yrs,
10yrs, 25yrs, 50yrs, 100yrs, 200yrs and 1000yrsevadtained and compared. Our results
indicate that the river peak flows can be satisfadly modeled by any of the two methods of
analysis and that at lower return periods of up &yrs, the Gumbel distribution predicts
lower peak discharge values and for higher returreniods of 10 yrs and above, the Log
Pearson Type lll distribution predicted lower disalhge values with a percentage deviation
ranging from — 0.62% to -12.78%.

It is however recommended that the design valuetamted by the Gumbel distribution
be adopted to assure safe design in view of thelalbbe limited hydrometric data utilized
for the study.

Keywords: Flood frequency analysis, Log Pearson Type llI, Behdistribution, Peak discharge, return
period, Annual series.

1.0 Introduction

Hydrologic phenomena are characterized by greatahidity, randomness and uncertainty [16] hence
precipitation, evaporation, stream flow and othedrbmetric quantities of importance in water resesr
engineering are treated as random variables witlocésted measures of frequency that representiHda,
percentage of time or probability. As random vdeakare quantities that depend on chance, the waluange of
values can be predicted only with an associatetigtritity and not with certainty.For example, the risks that the
flow capacity of hydraulic structures will be exdee, water supply systems will fail to meet demaand flood
streams will endanger life and property are fundataleto water resources engineering hence frequanayysis
methods are essential to hydrologic design andsassmnts. Hydrologic design of hydraulic structusebased on
adopting acceptable levels of risk which are ofsgecified in design criteria manuals developed byious
engineering agencies. Thus, while bridges for majghways may be designed to pass a flood with rarual
exceedence frequency of one percent (1%) withoattogping the roadway, bridges and culverts fozett with
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lower traffic volumes may be designed based ondassgent criteria. Perhaps a 2% or 4% exceedé&rgeiency
design flood. Design criteria for storm sewers,ihage ditches, detention basins and other compsranstorm
water management systems are likewise based oifisgexxceedence values.

Often, streams and rivers naturally overflow thefrannels periodically and flood plains are a natura
component of a stream system and problems oftauit escause people tend to live and work in flodalins
because rich alluvial soils deposited by centudgégeriodic flooding results in prime agriculturi@nds being
located in floodplains with cities being developesghr rivers to facilitate water supply, waste walisposal, electric
energy production and transportation.

In any local region, flooding may range from theanvenience of street and yards being inundateaty fai
frequently to rare extreme flood events with reence intervals of many years which may cause lodi$ecand
devastating damages making frequency analysis asgsct of flood mitigation plans [16].

For many problems in water resources engineerhregfrequency of occurrence of specified river flaavghe
length of time for which a particular river flowseaexpected to be exceeded are often required. e{idlond
frequency analysis entails the estimation of peiakhéirge which is likely to be equaled or exceededverage
once in a specified period of T years called thge@r event and the peak discharger, iQ said to have a return
period or recurrence interval of T years [14]

A frequency relationship or probability distributidunction represents the likelihood of occurreatealues of
a random variable and frequency relationships a&seeldped based on observed and or simulated dhtes, B
distribution function provides a probabilistic mbdéthe phenomena represented by a particulararaneariable.

Numerous probability distribution functions haveebeused to model phenomena characterized by signtfi
variability not deterministically explained by plgal principles. However, the probability distrimr functions
commonly used with observed or computed data teldpvrelationships between random variables andiann
exceedence probability P, which is the probabilitgt a specified magnitude will be exceeded attlease in a
single year include (i) Normal distribution (ii) eNormal distribution (iii) Log Pearson type Illsdiibution and
(iv) Extreme value Type | (EVI) or Gumbel distriari. For advising on a design flood for an engimegscheme,
it is needful to make estimates of flood magnitdioie selection of return periods by more than oneéhwe and
compare results. In this study, two probabilitytidigition functions namely: (i) Extreme value tyfie(EVI) or
Gumbel probability distribution and (ii) Log-Peansd@ype Il distribution have been used to perforimodl
frequency analysis (FFA) on maximum annual instaeais discharge of lkpoba river at Benin City basad
hydrometric measurements carried out by Benin OwRivar Basin Development Authority (BORBDA) for the
water years 1989 to 2000. The specific objectifeb@study include to:

0] Fit Extreme value type 1 (EVI) or Gumbel probalitiistribution to the discharge data.

(i) Fit Log-Pearson Type Il probability distributioa the discharge data

(iii) Predict the design floods for the following retyreriods or estimate i.e. (T = 2, 5, 10, 25, 50,,100
200 and 1000 yrs) using alternative models

(iv) Compare the predicted design floods obtained leyrative models for the same return periods.

(v) Based on (i), (i), (iii) and (iv), make necessaegommendations for application of the FFA methods

to the lkpoba river catchment.

The Study Area/Catchment

The study area for this flood frequency study is tkpoba River catchment Edo State situated within
Western Littoral hydrological area (HA - 6) of Nigg[1] which is one of the eight hydrological areto which
Nigeria is subdivided. The gauge station at whighhydrometric measurements were made is locabed) dkpoba
River at Benin City some 160 km East of Lagos. Be@ity is located at about 117km away from BenineRi
which discharges into the Gulf of Guinea.

Important parameters pertaining to the hydrologizalging station are given in Table 1.1

Table 1.1: Ikpoba River Hydrological gauging statarameters

Location of Gauging State Basin Latitude Longitude Drainage Area
Station (km?)

lkpoba River at| Edo Ossiomo %21'N 5°39°E 922

Benin City

Source: BORBDA (2005)
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2.0 Theory Of Extreme Value Type 1 (Gumbel) And Log-Pearson Type Il Pobability

Distribution
2.1 Basic Concepts of Flood Probabilities
If F(x) is the probability of Q < x

Then

P(x)=1-F(x) (2.1)

where P(x) called probability of exceedence isghabability of an annual maximum equaling or exéegX in a
given year since it is the relative proportion lod total number of annual maxima that have equadexkceed X. If
X is equaled or exceeded r times in N years (Nirgokarge), according to[14] and [15] then:

r

P (X)= ﬁ (2.2)
The return period, T (X) is given by
T(x) = E (2.3)
r
Thus
P(x) = > (2.4)
T |
T(x) S (2.5)
4 I ——— .
Fo 1- F(x)
and
E(x) = T ~1 2.6
(x) = T (2.6)

()

Hence if T(x) = 100 years, P(x) = 0.01 and F(x).820

When N is not large, empirical relative frequenejations (plotting position formulae) provides reaasbly
accurate estimates of probabilities for frequerdnés well within the range covered by observatifry. Using
plotting position formula, the probability of examnce P(x) is calculated for each value of X adogrdo the
formula utilized. According to [14], of the sevefatmulae in use, the best is that due to Gringovthile the most
widely used is that due to Weibull though both gsimilar results.

The Gringorten formula is given by

r-0.44
PX)=——— (2.7)
N+0.12
Where r is the rank of X and N is the total numbiedata values. The Weibull formula is given by:

r

N+1
However for a full range of values including evewith recurrence intervals greater than the nundfgrears
of observation, analytical probability distributifumctions such as Log Pearson Type Ill, Gumbeknho and Log
Normal may be used with observed or computed datievelop relations between a random variable aumaial
exceedence probability, P, which is the probabilitgtt a specified magnitude will be exceeded aitleace in a
year [14] and [16].

P(X) =

(2.8)

2.2 The Extreme Value Type | (Gumbel) Probability Distribution

The Extreme Value Type | (EV1) or Gumbel probapilitistribution is based on the theory of extrenj@s.
considered that annual flood peaks are extremeesadti flood in each of the annual series of reabrtleods and
hence suggested that extreme value distributionapgasopriate for flood analysis since the annuzddl could be
assumed to be the largest of a sample of 365 gessilues each year. The equation of the Gumbetee value
Type 1 distribution is given in Shaw (1988) as:
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-b(x-a)

F (x) = exp |,_ € J (2.9)
Where F(x) is the probability of an annual maxim@mx x as defined previously in section 2.1, whilaral b are
two parameters related to the moments of the ptpolaf Q values. Defining the first moment (theang by L1

and the second moment (the variance)cbé the parameters a and b are given by the followiparession

. =Y
a=p, o’
y = 05772 (2.10)
b:a7:/(_3 (2.11)
Q

In equations (2.10) and (2.11), andan pertain to the whole statistical population of fliscat the station. With
a finite sample, they can only be estimated froenrttoment of the data sample [13] and [16] Thus,

0 J— 1 n
Ho=Q==>Q (2.12)
N =
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o—D2 —Sé—izn:(Qi—é)z (2.13)
? (N-1)5 '
From equation (2.9), F(x) can be found for a spedifnnual maximum X. once F(x) is known, P(x) = E(x) is

1
known and therefore the return period T(x)? can be determined.
X

Equating equations (2.6) and (2.9) for F(x), wediav
-b(x-a) _ T(X)—1

expt =— 2.14
pCe T (2.14a)
And taking logarithms of both sides, we obtain;
T(x)-1
-b(x-a) = In| —In—— (2.14b)
T(x)
And rearranging, we obtain;
1 T(X)
X=a—In Inj—— (2.14c)
b T(x)-1

Substituting for the parameter a and b with therﬁermeané and standard deviatiory&s estimate of population

values ll; and 0 , then estimates of X may be found using the follgneguations [8] and [16]:

)D(:5+K(T)SQ (2.15)
K (T) = —\E[yﬂn In[ T() D (2.16)
T T(x)-1

*Corresponding author: E-mailzinyon2006 @yahoo.comTel +234035038239
Journal of the Nigerian Association of Mathematic&thysics Volumel7 (November, 201Q0)261 — 272

Comparison of Log-Pearson Type Il and Gumbel Probability I1zinyon and Igbinoba




where y (euler’s constant) = 0.5772

K(T) is called frequency factor. Although it is damlent on the parameters of the probability distidm, K(T) in
equation (2.16) a function only the return periqdsTspecifically for the Gumbel Type 1 distributiand is given in
Table 2.1

Table2.1:The T-K (T) relationship for Gumbel distribution(Shaw, 1988)

T K(T) T K(T) T K(T)
1 _00 15 164 100 3.14
2 016 20 1.86 200 3.68
3 0.95 25 2.04 400 4.08
4 052 30 2.20 600 4.52
5 072 40 2.40 800 4.76
6 0.88 50 2.61 1000 4.94
7 101 60 273
8 112 70 2.88
9 101 80 2.94
10 130 90 3.07

Thus if an estimate of the annual maximum disch&rga return period of 100 years is required, then
T(x) =100 yrs, K (T) = 3.14 and
Qi00= Q +3.14%

With the mean and standard deviation of a sampanofial maximum flows and assuming the Gumbelibigion
for the data, estimate of peak flow for any reqiireturn period may be obtained from the equat®oh?) as:

Qr=Q+K(MS (2.17)
Using the appropriate K (T) values obtained frorbl&&.1.

2.3 Log Pearson Typéll Distribution

The Log Pearson type Il distribution is one of tmemerous probability distribution functions whighused to
model phenomena characterized by significant véitianot deterministically explained by physicalipciples. The
probability density function (PDF) for the distriimn is given in [10] as:

B
X (X =X, )pleb)

F(X) = X2 XO (218)
r(p)
Where X = mean,[" = (gamma function)
y = reduced variate
X =X,
y= (2.19)
B
X =X,+By (2.20)
14
L=— (2.21)
Jy
) 2
V== (2.22)
(Gj
Where X = meanf = standard deviation
V= variance, G = Skewness

Because annual flood series are rarely normallyiligion [15], a histogram of such series is ugugkewed,
that is, the mean values does not coincide withrttode (the value of variate with largest frequgnBearson
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mean- mode _ .
and developed a family of curves to describe degref
g

Skewness. The coefficient of Skew (G) is definedhmmatically in [13] as:

devised a measure of Skewne(s

G= i=1 2.23
(N-1)(N -2)g° (2.23)

where 0 = standard deviation

The Log Pearson type Il distribution has 3 pararethat includes, Skew coefficient (equation 2.23an
(X) and standard deviatia@, ([2], [3] and [16]) and is represented by thegy@hequation;

X=X+Ko (2.24)

where K = frequency factor obtained from Tables

The model parameters; me&ﬁ) standard deviatior(a) and the Skew coefficient (G) are computed from N
observation using the following formulae [16].

X=139x (2.25)
N =

0_:{ L v _x)zr (2.26)
(N-1)= "
NzN:(xi —Q)B

(N-2)(N-2)o
The Log Pearson Type Il distribution of X is ecalent to applying the Log Pearson type Il disttibo to the
transformed random variable log X and it is repnésa by the equation below ([11], [12] and [16])

Logx= @H KOloex (2.28)

with l0gx O,gx and G computed using the formulae

| .

logx = Z;gx, (2.29)

T2 05
T :F("’?I\f 1')09 ) } (2.30)

N > (logx; —logx

G-= Z( 9% 9)3 (2.31)

(N-2)(N - 2)o,;

where N is the number of observation of X, the dla some specified probabilitypgX s the average of the log x
discharge values.

3.0 Methodology

The daily discharge data of Ikpoba river at Benity @om 1989 to 2000 obtained from the record$igdrometric
measurements carried out by Benin-Owena River BBgwelopment Authority (BORBDA) were obtained and
subjected to flood frequency analysis (FFA) utilzitwo different methods namely: Log-Pearson Tyjheahd
Extreme value Type 1 (Gumbel) probability distribntmethods.

To satisfy the assumption of independence andimistribution of data, the maximum of dischargeich is the
largest instantaneous peak flow occurring at argitiaring the year were selected [6] in order taaivbainnual
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series data and in order to ensure that annuakpma&kindependent of one another, water year rétteercalendar
year was utilized for the analysis [14]. Estimabéshe recurrence interval (T) were obtained udimg Weibull
formula given in the literature e.g. [11], [15] aji®] as:

+
T:n 1

m
where n is the number of years of record and measank.
In applying the extreme value type 1 (Gumbel) plolits distribution method of analysis to the obssit data, the
following steps were followed [7] and [11]:
0] The annual flood series data (X) were assembled
(i) The mean(@) and standard deviatio@zu) of the flood series were computed using equat®h2 and

2.13 respectively.
(iii) Several return periods {jTi.e. T=2, 5, 10, 25, 50, 100, 200 and 1000 yeaws their corresponding

(3.1)

exceedence probabilities (P) were select?}d; 1

j
(iv) The frequency factor, K(T) for the selected refpeniods (T) were obtained from Tables 2.1

(v) Assuming Gumbel distribution for the observed dtie,peak flow (@) for the required return period
(T) was estimated from the following equation [14];
Q; =Q+KMo (3.4)
(vi) Plots of the estimated peak discharge for varretisrn periods, and reduced variates were made for
the fitted data
(vii) In view of the short data series, confidence knaibout the fitted straight line relationships besw

the annual maxima and the reduced variate werdrcmted [14]. The first step being the calculation
of the standard error (SE) of estimate for a peiskhdrge (Q) in terms of return period. For the
Gumbel probability distribution, expression forrefard error is given by:

-0 2\
SE (@) = m[l+1.l4k(T)+1.10$K(T) )]y (3.5)

where N is the number of annual maxima in the samphe upper and lower confidence limits were
calculated for the selected return periods usitigrased values of Qfrom equation 3.6 [14] given by;

QT £ ta,v SE(QT) (3-6)
where t_,v are values of the t — distribution obtained from standtatistical tables with¥ the probability limit

required and/ the degree of freedom.
In the application of the Log Pearson Type Ill probabilitgtribution to the observed hydrometric data, the
following steps suggested in [11] and [16] were followed:

0] The annual flood series (Mvere assembled

(i) The base 10 logarithms of the annual flood series were calcakated

yi = log % and utilized to obtain mear{((lOgX), standard deviationgy(glogx) and Skew coefficient
C(G) o
(iii) The mean y(logx), The standard deviatiord, (0’|ng) and Skew coefficient £ (G) of the

logarithms ywere calculated using equations (2.29),( 2.30) and (2.3igcteeely.

(iv) The logarithms of the flood discharge (log) @or each of the chosen probability level \Rere
calculated using the following frequency formular:
logQ=y+KS, (3.7)
where K is the frequency factor, a function of the probabilifyaRd Skewness coefficient Csy. The
frequency factor (K) for Pearson Type llI distributifmn ten probability levels in the range from 0.5 to
95% and Skewness coefficient in the range from -3.0 @oa8e provided in Table 4.6.The flood
discharge Qfor each probability level (R return period (J) is obtained by taking antilogarithm of the
log Q values.

(v) The flood discharge (Q for associated with each probability leve]) @ return period (jJ are listed.
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(vi) The flood discharge (£ associated with each probability level or return periodwioed by
application of alternative probability distribution metheesre compared.
4.0 PRESENTATION, ANALYSIS AND DISCUSSION OR RESULTS
The annual peak flow data for Ikpoba river by water year obdairom the analysis of daily discharge data of the
river from 1989 to 2000 as measured by the Benin Owenrer Bizsin Development Authority is presented in Table
4.1.
Table 4.1 Annual Peak Flow Data for Ikpoba River (1989-2000)

Water Year Stream Flow,
Annual max (m3 /9)
1989 43.89
1990 28.25
1991 55.00
1992 38.30
1993 38.80
1994 50.00
1995 52.10
1996 43.89
1997 43.89
1998 43.89
1999 65.40
2000 65.10

Source: BORBDA (2005)
The various statistical parameters were computed as outliied methodology. The results are presented in Table
4.2.

Table 4.2: Computation of the Statistical Parameters

Rank Water Peak Discharge Q 2 Return Period P=1T 100P
m Year 3 p T
(m) (m /S) (M
Qp
1 1999 65.40 4277.16 13.00 0.0769 7.69
2 2000 65.10 4238.01 6.50 0.1538 15.38
3 1991 55.00 30.25 4.30 0.2326 23.26
4 1995 52.10 27144 3.25 0.3077| 30.7y
5 1994 50.00 2500 2.60 0.3846 38.46
6 1989 43.89 1926.33 2.17 0.4608| 46.08
7 1996 43.89 1926.33 2.17 0.4608 46.08
8 1997 43.89 1926.33 2.17 0.4608| 46.08
9 1998 43.89 1926.33 2.17 0.4609 46.0P
10 1993 38.80 1505.44 1.30 0.7692 76.9p
11 1992 38.30 1466.89 1.18 0.8475 84.7p
12 1990 28.25 798.06 1.08 0.9259 92.5p
2. =56851 2. =28,230.3
Q=4738
Q 0=1084

As shown in the Table 4.2, the mean peak dischapgau@ng the period is equal to 47.3%mwhile the standard
deviation (a) is equal to 10.84%s. The return period for the annual peak discharge were deéetiny the use of
n+1

m
The results obtained by the application of extreme value Ty@ithbel) distribution to the annual series discharge
data of Ikpoba River are shown in Table 4.3.

Weibull plotting position formulal =
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Table 4.3: Computation of Predicted discharge for selectechnae¢niods assuming Gumbel distribution

T(yrs) | Reduced variate K(T) QP (from g K(T) O QT :QP +K(T) O
) from (From Table
) Table 2.1 Table 4.2) (7)=(4) +(6)
©) 3 4.1) (5) (6)=(3)X(5)
(4)
2 0.3667 -0.16 47.38 10.84 -1.7344 45.645
5 1.50 0.72 47.38 10.84 7.8048 55.1848
10 2.250 1.30 47.38 10.84 14.092 61.47
25 3.1985 2.04 47.38 10.84 22.1138 69.49
50 3.902 2.61 47.38 10.84 28.2924 75.67
100 4.60 3.14 47.38 10.84 34.0376 81.417
200 5.295 3.68 47.38 10.84 39.8912 87.27
1000 6.906 4,94 47.38 10.84 53.5496 100.92

Table 4,3 shows the predicted discharge values for selectedl 2, 5, 10, 25, 50, 100, 200 and 1000 years
commonly used for the engineering design of hydrauliccttraes. The results indicate that for the stated return
periods, the predicted peak discharge are 45/85r85.18n¥s, 61.47rYs, 69.49n¥s, 75.67mYs, 81.42n¥s and
100.92n¥/s respectively. The plots of the predicted discharge againsteedzariates (return periods) are shown in
Figures 4.1. Confidence limits (95%) about the fitted ghtline relationship between the predicted annual maxima
and the reduced variate for the Gumbel probability fit is tooted

160 -
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80
> Qlm3/s)
] QT{upper)

Discharge (m3fs)

L=Tn Iy

a0 - aTilower)

Linear (Q(m3,/s]}]

200 e Linear (QAT{upper))

——————— Linear (QT(lower))

a
Reduced variate

Figure 4.1: Plot of Predicted discharge against reduced wvariate for Gumbel
model (25% confidence limits)

The calculations for the 95% confidence limits for the predidid are set out in Table 4.4.The value of t-
statistic is 2.2 for = 100-95% = 5% ang =12-1=11.

Table 4.4: Calculation of 95% confidence limits (Gumbstribution)
(t5;; =2.2) fromt - tables
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T(yrs) 2 5 10 25 50 100 200 1000
Reduced variate(y) 0.3667 1.500 2.250 3.1985 3.90p 4.60 5.295 6.906
K(T) -0.16 0.72 13 2.04 2.61 3.14 3.68 4.94
Qr(m3/s) 4565 | 55.18 61.47 69.49 75.67 81.4p 8727  0.9®
SE(Qr )(m3/s) 2.877 4.838 6.5199 8.7978 10.597 1229 026 18.10
ts 1. SE(Qr ) m3/s 6.33 10.64 14.34 19.35 23.31 27.03 30.86 39.82
2.2 X SE(Q)
Upper G (m3/s) 51.96 65.82 75.81 88.84 98.98 108.45 118.13 140.74
Lower Qr (m3/s) 39.32 4454 47.13 50.14 52.36 54.39 5641  1.16

The curves of the 95% confidence limits are also plotted amFigor the range of selected T values.
The computations of the statistical parameters for the Logs@®adiype Il probability distribution were carried out
using the procedure outlined in section 3.0 (methodolddyg.results of the computations are shown in Table 4.5.

Table 4.5: Computation of Statistical parameters for Legrson Type Il distribution

Rank Water Flood flow =logx - - - T=(n+1)/m P=100/T
(m) year (m3/s) y=od y - y ( y - y )2 ( y - y )3 ( )
1 1999 65.40 1.82 0.155 0.02419 0.00375 13 7.69
2 2000 65.10 1.81 0.1535 0.0235 0.0036 6.5 15.88
3 1991 55 1.74 0.0803 0.00645 0.000512 4.33 23.08
4 1995 52 1.72 0.0560 0.00313 0.00018 3.25 30.Y7
5 1994 50 1.70 0.0389 0.0015] 0.000058Y 2.60 38.46
6 1989 43.89 1.64 -0.0176 0.000310 -0.0000113 2.17| 46.15
7 1996 43.89 1.64 -0.0176 0.000310 -0.0000113 1.86| 53.85
8 1997 43.89 1.64 -0.0176 0.000310 -0.0000113 1.63| 61.54
9 1998 43.89 1.64 -0.0176 0.000310 -0.0000113 1.44| 69.23
10 1993 38.80 1.59 -0.0711 0.00506 -0.000438 1.30 6.92%27
11 1992 38.30 1.58 -0.0768 0.005898 -0.00054 1.18 4.628
12 1990 28.25 1.45 -0.2089 0.0436 -0.00097Y 1.08 3192
mean 47.38 1.66

Standard deviation@ ) =0.102, Skewness coefficient (G) = -0.3560, MeEn) E47.38, Meangl) =1.66

The results indicate that the me&) of the annual peak discharge for the period is 47°88nthe mea({/),

standard deviatiorp- log x * and Skewness coefficient (G) of the logarithms of the alnpeak discharge values
for the period were obtained as 1.66n0.102r¥s and -0.3560 respectively.

Table 4.6: Frequency Factors k for Pearson Ill Distibution

1.05

Cs 95

3.0 -0.665
2.8 -0.711
2.6 -0.762
2.4 -0.819
2.2 -0.882
2.0 -0.949
1.8 -1.020
1.6 -1.093
1.4 -1.168
1.2 -1.243
1.0 -1.317

111

90
-0.660
-0.702
-0.747
-0.795
-0.844
-0.895
-0.945
-0.994
-1.041
-1.086
-1.128

80

Return Period T(y)
1.25 2 5 10 25 50 100

Probability of exceedence P (percent)

50 20 10 4 2 1

-0.636 -0.396 0.420 1.180 2.278 153 4.051
-0.666  -0.384  0.460 1.210 2.275 118 3.973
-0.696 -0.368 0.499 1.238 2.267 .078B 3.889
-0.725 -0.351 0.537 1.262 2.256 .023 3.800
-0.752 -0.330 0.574 1.284 240 97@. 3.075
-0.777 -0.307 0.609 1.302 2.219 912 3.605
-0.799 -0.282 0.643 1.318 2.193 .842 3.499
-0.817 -0.254  0.675 1.329 2.163 .78 3.388
-0.832 -0.225 0.705 1.337 2.128 .70&@ 3.271
-0.844 -0.195 0.732 1.340 2.087 .62@ 3.149
-0.852 -0.164  0.758 1.340 2.043 542 3.022
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200

0.5
4.970
4.847
4,718
4.584
4.444
4.398
4.417
3.990
3.828
3.661
3.489



0.8 -1.388 -1.166 -0.856 -0.132 0.780 1.336 1.993 .452 2.891 3.312

0.6 -1.458 -1.200 -0.857 -0.099 0.800 1.328 1.939 .352 2.755 3.132
0.4 -1.524 -1.231 -0.855 -0.66 0.816 1.317 1.880 262. 2.615 2.949
0.2 -1.586 -1.258 -0.850 -0.033 0.830 1.301 1.818 .152 2.472 2.763
0.0 -1.645 -1.282 -0.842 0.000 0.842 1.282 1.751 052. 2.326 2.576
-0.2 -1.700 -1.301 -0.830 0.033 0.850 1.258 1.680 .948 2.178 2.388
-0.4 -1.750 -1.317 -0.816 0.066 0.855 1.231 1.606 .834 2.029 2.201
-0.6 -1.797 -1.328 -0.800 0.099 0.857 1.200 1528 .72 1.880 2.016
-0.8 -1.839 -1.336 -0.780 0.132 0.856 1.166 1.448 .604 1.733 1.837
-1.0 -1.877 -1.340 -0.758 0.164 0.852 1.128 1.366 .492 1.588 1.664
-1.2 -1.910 -1.340 -0.732 0.195 0.844 1.086 1.282 374 1.449 1.501
-1.4 -1.938 -1.337 -0.705 0.225 0.832 1.041 1.198 .27 1.318 1.351
-1.6 -1.962 -1.329 -0.675 0.254 0.817 0.994 1.116 .1664 1.197 1.216
-1.8 -1.981 -1.318 0.643 0.282 0.799 0.945 1305 069. 1.087 1.097
-2.0 -1.996 -1.302 -0.609 0.307 0.777 0.895 0.959 .98@ 0.990 0.995
-2.2 -2.006 -1.284 -0.574 0.330 0.752 0.844 0.888 .90@ 0.905 0.907
-2.4 -2.011 -1.262 -0.537 0.351 0.725 0.795 0.823 .83@ 0.832 0.833
-2.6 -2.013 -1.238 0.499 0.368 0.696 0.747 0.764 768. 0.769 0.769
-2.8 -2.010 -1.210 -0.460 0.384 0.666 0.702 0.712 .71 0.714 0.714
-3.0 -2.003 1.180 -0.420 0.383 0.836 0.660 0.666 66@. 0.667 0.667

The result of the application of the Log Pearson type bbability distribution model to the observed data for the
specified return periods is summarized in Table 4.7.
Table 4.7 Application of Log- Pearson Type Il to Observathd

Return Period(T) Probability Frequency factor(K) — Xi = Q (mals)
(years) (P %) for Yii= Y sy
G=-0.356
2 50 0.059 1.666 46.34
5 20 0.854 1.747 55.84
10 10 1.237 1.786 61.09
25 4 1.622 1.8254 66.89
50 2 1.859 1.8496 70.73
100 1 2.062 1.870 74.18
200 0.5 2.242 1.888 77.38
1000 0.1 - - 89.63

Standard deviation@ ) =0.102, Skewness coefficient (G) = -0.3560, Megn)(= 1.66

The results indicate that for the specified return periodsy, Byrs, 10yrs, 25yrs, 50yrs, 100yrs and 200yes th
predicted peak discharges are 46.34m55.84rYs, 61.09ry's, 66.89rs, 70.73n¥s, 74.18m¥s and 77.38ffs
respectively. To obtain the value for the predicted peak disclargeturn period of 1000yrs for which K values
were not provided in Table4.6 the equatipn,6.5506In(x) +44.44.386(&0.9781)obtained by application of Log
Pearson Type lll to the data was utilized to obtain a predieel discharge of 89.63fa
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Figure 4.2: Plot of predicted discharge vs return period

(Log-Pearson Ill)
The predicted peak dischargetJbtained for the specified return periods by applicationheftwo different

probability distribution methods to the annual peakluisge of Ikpoba River at Benin City for the period 1989 t
2000 are presented in Table 4.7

Table 4.7: Comparison of Predicted Discharge Values for diffeeturn periods using Log Pearson and Gumbel
Probability distributions

Return Probability | Predicted discharge | Predicted % Deviation
Period(T) (P %) (m3/s) discharge (m3/s)
(yrs) (Log Pearson 1) (Gumbel)
2 50 46.34 45.65 1.48
5 20 55.84 55.18 1.18
10 10 61.09 61.47 -0.62
25 4 66.89 69.49 -3.88
50 2 70.73 75.67 -6.98
100 1 74.18 81.42 -9.76
200 0.5 77.38 87.27 -12.78
1000 0.1 89.63 100.92 -12.59

The table shows that for low return periods less than 5 ydasLog Pearson Type Il distribution predicted
discharge values less than that predicted by the Gumbebdi&iri. While for higher return periods (10 yrs and
above) the values predicted by the Gumbel distribution weverlthan that predicted by the log-Pearson Type Ill.
The percentage deviation of the predicted dischargg @ues for various return periods obtained by utilizing
Gumbel distribution from that obtained by Log Pearsotridigion ranges from -12.78% to 1.48%. Thus, fothleig
return periods the Gumbel probability distribution preslisigher values for the same return period. Though, the
Log-Pearson Type Il distribution is the recommended metdwpted for modeling peak flows by federal water
agencies in the United States, the Gumbel distribution baea investigated and shows good and satisfactory
promise for application to extreme values produced by fieak discharges.
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40 = QT(LogPllIl)
Linear (QT(Gumbel))

20 — — — — Linear (QT(LogPlll))

(o] 2 4 6 8
Reduced variate
Figure 4.3 : Comparison of Predicted discharge by Gumbel
and Log - Pearson Type lll distribution models

The larger the recurrence interval (T), the less likely it isafbydrologic event to be equaled or exceeded in a given
year, hence the more critical a project is in terms of poterdsd bf life, economical damage or adverse
environmental effects, the larger is the value of T adoptedksign calculations and therefore for larger return
periods (>10 years). The Gumbel distribution method which predibigter discharge values will provide safer
design discharge values for engineering design of hydraulictgtes in the river or catchment especially as the
period of measurements (12 years) is short.

While a dam may be designed to accommodate a 100 year floodkinto reduce the chance of failure or breach of
the dam and ensure the protection of human lives and pypfienay be expedient to design a local storm drain to
handle only the flow from 2 years storm.

5.0 Conclusions
From the flood frequency study of Ikpoba river catchmentezhout the following conclusions are made:

0] That flood frequency studies can be used and serves as guitktdrmining the capacity of hydraulic
structure.

(i) That Extreme value Type | (Gumbel) and Log-Pearson Typdiditibution) can be used satisfactorily
to

(iii) alternately model peak flows of Ikpoba River for variousmeperiods. But for return periods up to 5

years, the Gumbel probability distribution gives loweedicted discharge values and for return

periods equal to or greater than 10 years, the Gumbel prapalistribution predicted higher values.
Arising from the findings in this study it is recommeddthat the Gumbel distribution be utilized to model peak
flood flows in the Ikpoba river catchment considering thatéd hydrometric measurements used for the study. In
evaluating the frequency of a given flood magnitude fgagicular river availability of data and the amount of
discharge details required are important considerations .
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