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Abstract

Annual extreme flood distributions were statistically analyzed and studied to
determine a best probability distribution that describes the observed annual maximum peak
flows for six streams of Tigris River in Irag. This is done through fitting of three different
probability distributions and estimating the goodness of the fit to confirm a hydrologic
series of 39 annual maximum peak flows of the six streams. In this study, two standard
probability distributions were used as well as a new one model. The two standard
distributions are the Extreme Value Type | distribution (the Gumbel's distribution) and the
log Pearson type 3 distribution. While the new model is the Demetris distribution which is a
recent model developed by Demetris Koutsoyiannis depending on theoretical and empirical
grounds for many hydrologic series in the world. The analyses showed that the Demetris
distribution is significantly overestimating the actual flows for small return periods of
about less than 10 years, where it seems approximately as the two standard distributions for
a return period greater than 10 years. Also, the Chi-square test indicated that all the
distributions represent a very good fitting for the observed hydrologic series of the six
streams but Log pearson 11 distribution is found to be the best fit one.
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1- Introduction

Flood studies regularly require the estimation of the peak discharge for a specified
return period that is substantially longer than the available gauged record. Typically the
estimation of the peak for the 100-year return period event is based on a gauged annual
maximum series less than 25 years in length ™.

Acreman and Horrocks %, show how the use of information on historic floods, based on
the methodology described in the Flood Studies Report (NERC, 1975), gave greater
confidence in the assessment of the rarity of the two events, than that using the relatively short
gauged record alone. Archer ! provides a further example of how historical flood
information has been used to improve flood frequency estimates. Historic discharges from
1771 for the River Wear at Durham were estimated and used to extend the gauged record that
began in 1958. After fitting flood frequency curves to the gauged data, and a number of
combinations of gauged and historical data for different periods, it was shown that the use of
the gauged flood series alone was likely to lead to a serious underestimation of the risk of
flooding.

The incorporation of historical data into flood frequency estimates has been the subject
of considerable debate in the literatures >®. The use of pale flood techniques has also
received considerable attention, particularly in the USA "8 A review of the extensive
literature available, written for the practitioner, should greatly assist those; wishing to assess
the preferred flood frequency curve produced by conventional analysis in the light of
historical information.

In consultation with the Upper Thames River basin southwestern Ontario, Gumbel
and the Log Pearson T-3 statistical distributions were employed to fit the hydrologic output
data. The results show similar outcomes for both distributions up to the 100-year return
period; Log Pearson T-3 distribution shows higher magnitudes for larger recurrence
interval®®.

2-Methodology

2-1 Flood Frequency Analysis

The flood frequency analysis is one of the important studies of river hydrology. It is
essential to interpret the past record of flood events in order to evaluate future possibilities of
such occurrences. The estimation of the frequencies of flood is essential for the quantitative
assessment of the flood problem. The knowledge of magnitude and probable frequency of
such recurrence is also required for proper design and location of hydraulic structures and for
other allied studies. The gauge data, which are random variable, follow the law of statistical
distribution.
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After a detailed study of the distribution of the random variables and its parameters such
as standard deviation, skewness, etc. and applying probability theory, one can reasonably
predict the probability of occurrence of any major flood events in terms of discharge or water
level for a specified return period %,

In this present work, flood frequency analysis have been done by selecting annual
maximum discharge of the major six streams of Tigris river in Irag ( Musul, Upper Zab,
Lower Zab, Adhaim, Derbendi-khan and Hemreen), for a period of 39 years of historical
monthly inflow from October 1962 to September 2001. Two standard methods of statistical
distribution, Gumbel’s extreme value distribution and Log Pearson T-3 distribution, as well as
a new model that was suggested by Demetris are attempted here to fit the hydrologic series of
the annual peak inflow of 39 years for each stream. In the following sections, the above
methods will be explained breviary.

2-1-1 Plotting Position

This method represents one of the popular methods of studying the stream flow
variability. It is a plot of discharge against the percentage probability of equaled or exceeded
(P). In many cases the corresponding returned period T is also used instead of the P. the value
of P may be estimated using Weibull formula as follows *4):

m
N +1

p= With T=1/P e (1)

Where:
P = probability of flow magnitude being equaled or exceeded.
T = Return period in years.

In deed, this is an empirical formula and there are many other formulas that could be used to
estimate the value of P, Table (1).

Table (1): Some of Famous Plotting position formulas 2.

No. Formula Method
1 m /N California
2 (m-0.5)/N Hazon
3 (m-0.3)/(N+0.4) Mecodeaf
4 (m-0.44)/ (N +0.12) Blum
5 (m-3/8)/ (N + 1/4) Krtkortn
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2-1-2 Gumbel’s Method

This extreme value distribution was introduced by Gumbel (1941) and is commonly
known as Gumbel’s distribution ™. It is one of the most widely used probability analysis for
extreme values in hydrologic and meteorological studies for prediction of flood, rainfall etc.

Gumbel defined a flood as the largest of the 365 daily flows and the annul series of flood
flows constitute a series of largest values of flows. To provide the inflow at different return
periods, Gumbel suggested the following form to be used:

Q=0Q+K-S - (2)
Where:
Q = Value of variate with a return period ‘T’
Q =Mean of the variate.

S = Standard deviation of the sample.

K = Frequency factor expressed as:

Y= Gumbel reduced variate expressed by:
T
Y. =-LnLn——|| - -4
T { [T —1ﬂ @

T = Return period which is 1/P

P = probability of flow magnitude being equaled or exceeded
Yn = Reduced mean from table

Sn =Reduced standard deviation from table.

Where:

2-1-3 Log Pearson Type - lll Method

This method is extensively used in USA for project sponsored by US Government. In
this method, the variate is first transformed into logarithmic form (baselO) and the
transformed data is then analyzed. If ‘X’ is the variate of a random hydrologic series, then the
series of (Z) variates, where Z = log x, are first obtained. For this ‘z’ series, for any recurrence
interval "T’, the equation is:
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ZQ:Zm—i_Kz'Sz _________________________ (5)

Where:
m = Mean of the (Zg) values.

S, = Standard deviation of the (Zg) variate sample.

. = Frequency factor usually taken from table with values of coefficient of skew "C"
and recurrence interval (return period T).
C; = Coefficient of skew of variate, Zg.

N D (Zy-Zm)?
*(N=-D(N-2) (S,)°

N = Sample size = Number of years of record.
After finding (Zq) with the equation above, the corresponding value of Q is obtained by:

Q=10r2, e (7

2-1-4 Demetris Model (New Model)

Demetris Koutsoyiannis suggested a new model based on theoretical arguments and
several empirical analyses using long rainfall records to be an alternative one instead of
Gumble distribution 3. The new model is:

Q=A[LnT) +y] e (8)
Where:

A=0.78%S S - (9)

w = (0Om/4)-0.577 e - (10)

Where: Qp, is the mean value of Q.
All other variables are already defined above.

After obtaining the required inflow by the above methods for different return periods
flood, Chi Square test should be carried out for "goodness of fit".
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3- Results and Discussion

The results analysis for the annual maximum discharge of the Iraqi six streams by the
three flood frequency distributions under the study are represented in Figures (1 to 6). The
results indicate that in case of low return periods (less than 10 years), Demetris model allows
the overestimation values comparing with Gumbel and log Pearson type 3 over all of the
streams. This could be explained as follows:

The Gumbel model in forms of equations (2 to 4) could be expressed by the following
form:

S ~ S
Q=5 Y:+Q-5Y, e (1)

For a very large sample size, the values of S, and Y, will be reduced to (1.2825 and
0.577) respectively 4. Consequently, Eq.(11) will take the following form:

Q=078 S¥, +Q-(078 S ) 0577 e (12)

Considering the value of (1) in Eq.(9) and comparing them with the above form, the
following equation will be resulted after some algebraic steps:

Q=AY ,+4 % ~0.577 B - (13)

Now, substitute the form of y in Eq.(10), the above equation will be reduced to:

Q=i(Yr+w) e - (14)

Which is the form of Demetris model but with a reduced variate of Gumbel expressing
by YT of Eq.(4) instead of Ln(T) as it is considered by Demetris. It means, that Demetris
model is a special case of Gumbel model considering a large sample size and a modified
reduced variate of Yt = Ln(T), considering high return periods.

The difference between the modified reduced variate (Demetris variate) and the
standard variate (Gumbel variate) are shown in fig.(7). The figure explains that Demetris
variate is always provides large values comparison to Gumbel variate a long low return
periods while they tend to be similar for a large T.
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Fig.(1): Annual Maximum Yearly Inflow Series of Tigris River at Musul Stream,
Fitted By Several Empirical and Theoretical Distributions.
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Fig.(2): Annual Maximum Yearly Inflow Series of Tigris River at Upper Zab
Stream, Fitted By Several Empirical and Theoretical Distributions.
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Fig.(3): Annual Maximum Yearly Inflow Series of Tigris River at Lower Zab
Stream, Fitted By Several Empirical and Theoretical Distributions.
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Fig.(4): Annual Maximum Yearly Inflow Series of Tigris River at Adhaim
Stream, Fitted By Several Empirical and Theoretical Distributions.
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Fig.(5): Annual Maximum Yearly Inflow Series of Tigris River at Derbendi-
khan Stream, Fitted By Several Empirical and Theoretical Distributions.
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Fig.(6): Annual Maximum Yearly Inflow Series of Tigris River at Hemreen
Stream, Fitted By Several Empirical and Theoretical Distributions.
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Fig.(7): Comparing Results of Gumbel and Demetris Variates.

This is because both (Demetris and Gumbel variates), tend to Ln(T) for large return
periods T, and this could be demonstrated as follows:

Applying the Maclaurin series expansion to Ln( 1+ x) yields, ™

For absolute (x) << 1, this gives a first order approximation to
Ln@+x)=x e (15)

So, for large T the Gumbel reduced variate will be:

Y; = —Ln[— Ln(l—in — —Ln[ij =LNT  --e-memmmmmmmmeoemeoeeees (16)
T T

For this, Demetris model tends to be overestimate with return periods of less than 10
years comparing to Gumbel distribution over all the time.

However the figures show that the Iragi stream flow could be represented by the three
models in a very good way, which is also supported by the chi square test ™®. The Chi square
test is carried out to find the best fit method by comparing the computed values with the
corresponding observed values for some significant levels (a).
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It was found that in some streams and for Gumbel distribution, the results are not
accepted at 0.05 significant level contrary to other two methods, especially for Log Pearson
T-3 which is found to be the best fit one. However, all these results are shown in Table (2)

Table (2): The Results of CHI Square Test Analysis for the Used Models

Model

Demetris

Stream's Gumbel Log pearson T-3

Name

x |D.F a aX x |DF| «a aX x |IDF| «a aX

Musul  |052] 2 | 0.05 |599(094] 2 | 051599 0 | 3 1005|781
Upper Zab | 094 | 2 | 0.05 | 599|461 2 | 005599029 3 |0.05]7.81
Lower Zab | 7.38 | 1 | 0.005|7.88 | 1.15| 1 | 005384052 2 |0.05 599
Adhaim 109 1 | 005 [384]016| 1 005|384 122] 2 |005]5.99
Delzgzrr‘]d" 473 1 | 001 | 663|231 2 |005/599|094] 2 |0.05]5.99

Hemreen | 496 | 2 | 0.05 |[599|353| 2 [005(599| O 3 005|781

Table (3) shows some of important return periods estimated by each one of the above
three methods. It can be seen that the differences start to be particularly unnoticeable at high
return periods especially between Gumbel and Demetris models according to the same
reasons above.
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Table (3): Predicted Floods Frequency Depending on the Applied Models,

(M3/s)
Return Period In
Stream’s Name Years Demetris | Gumbel | Log Pearson T-3

1000 6314 6905 5670

200 5173 5619 4941

100 4682 5064 4573

50 4191 4507 4211

Musul

25 3700 3946 3784

10 3050 3190 3159

) 2559 2591 2604

2 1910 1687 1686

1000 2575 2803 3158

200 2135 2307 2423

100 1946 2093 2142

Upper Zab 50 1756 1878 1877
25 1567 1662 1626

10 1316 1370 1313

5 1127 1139 1083

2 876 790 766

1000 2201 2416 2860

200 1788 1950 2077

100 1610 1749 1787

Lower Zab 50 1432 1547 1521
25 1254 1343 1276

10 1019 1069 979

5 841 852 769

2 605 525 496
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1000 488 538 464
200 392 429 380
100 350 382 343
Adhaim 50 309 335 303
25 267 288 262
10 212 224 206
) 171 173 160
2 116 97 93
1000 1909 2101 3340
200 1538 1683 2110
100 1378 1503 1712
50 1219 1321 1376
25 1059 1139 1092
10 848 893 783
5 688 698 588
2 477 404 364
Derbendi-khan | Return Period In Years | Demetris | Gumbel | Log Pearson T-3
1000 47 816 854
200 615 667 668
100 558 602 594
50 501 537 523
25 444 472 454
10 368 384 365
5 311 315 298
2 236 210 204
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4- Conclusion

The standard probability flood distributions of Gumbel and log pearson type-3 are still
considered a very good models to estimate the flood frequency of the annual flow rate for
Iraqgi streams comparing to the recent models, in spite of that, the recent models may be more
easy to parameters estimation and their application. Furthermore, log Pearson type-3 is
considered to be the best one comparing with Gumbel and Demetris models.
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