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Abstract Different methods are employed in applying probability distribution in hydrology. The most common among
these methods is the Probability Distribution method. In this study in order to determine suitable probability distribution for
estimating of annual discharge series with different return periods, annual mean and peak discharges over a 30 years’ time
period had been collected from Minab river (Barantin gage) in Hormozgan province, Iran. After homogeneity and adequacy
test, data has analyzed by SMADA software and residual sum of squares (R.S.S). The best probability distribution selected
according to SMADA output and R.S.S results. Log Pearson type III with R.S.S (124.4) for annul peak discharge and Log
Pearson type III and then Pearson with R.S.S (1.16) and (1.9) demonstrated the most fitting respectively, for annual mean

discharge.
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1. Introduction

In hydrology cannot determinate time of phenomenon
occurrence such as floods or discharge but can investigate
previous events occurrence procedure and obtain their mean
probability of occurrence. Calculation of mean probability
of occurrence or floods mean return periods can help to
solve many problems. For example, in the flood control
projects calculated the annual mean flood damage and also
design of structures dimension such as dam spillway
conducts with regard to probability of floods occurrence
and discharges related to them[10]. The information and
data were recorded in the past will help to us until obtain
some statistic parameters and then will forecast events that
may occur in the future. In hydrology use of physical
models not possible for future events forecasting and most
use the single models that system describes based on
mathematical terms and concepts. One of current methods
in discharge estimation with different return periods is
statistical distributions[3]. Frequency analysis of floods and
precipitation extreme values, the magnitude of this
phenomenon and also their frequency give appropriate
information for different analysis such as determination of
risk criterions and reliability in the design of structures.
This analysis provides this possible until the frequency
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value of events that are more than their observational value
estimated during the period of data record. This estimate
can be expressed using the concept of event return period[5].
Theoretically, there are different probability functions that
were recorded and measurement tentative. Function that has
more consistent with the desired data will select as a
probability distribution until can obtain hydrology variable
value per each probability from it[1]. Several researches
have conducted about probability distributions [8,6,13,7,
9,11,2]. Bedustani in the research of types of frequency
distributions for forecasting maximum floods values found
that appropriate statistical distribution for 10-35 years data
series is three parameters Log-normal distribution and for
long data series more than 35 years is Log Person type III
distribution[4]. Vogel and Fennrssy have done a study in 91
regions in Australia and their results showed that extreme
values, pareto, Log Person type Il and two parameters
Log-normal distributions were suitable[12]. More research
was done on flood flows and manuscripts about mean and
minimum flows are not comparable with floods series[9].
For the water balance project for a region uses mean
discharges whereas the water balance computation by use of
maximum discharges more shows region water volume. In
this research to obtain statistical distributions in discharges
series with different return period, instantaneous peak and
annual mean discharges from Minab River (Berentin gage,
Hormozgan province, Iran) was collected during 30 years
period and after homogeneity test and statistical adequacy
were compared and evaluated by use of SMADA software
graphical test and Residual sum of squares (R.S.S).
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2. Data and Methodology

2.1.Study Area

Minab River in Hormozgan province is formed from
connecting Roodan and Jaghin rivers. Statistical analysis of
flows passing from Minab River shows that although the
numbers of months of the year (especially in recent years)
extremely reduce the water flow but it never reaches to zero
and therefore Minab river is a perennial river. Berentin gage
is located between 57°11'29" E and 27°16'21" N. Upstream
watershed area of Berentin gage is 10200 square kilo meters
and located at altitude of 130 meters above sea level. This
gage has equipment and Statistics relate to this gage is as
well as evaluated. Figure (1) shows the study area location.

Figure 1. The study area location

2.2.Study Method

In this study was collected instantaneous peak and annual
mean discharges data during 1981-1982 until 2010-2011
periods and with regard to used data must have three
conditions of adequacy, accuracy and relevance[10] was
controlled mentioned gage data. For this purpose with regard
to possible deficiencies in the statistics mentioned gage
discharges, first, deficiencies of instantaneous peak and
annual mean discharges was controlled, reconstructed and
prolonged and data homogeneity was tested by Run Test
method eventually and statistics were confirmed in 95%
confidence level. In order to access to instantaneous peak
and annual mean discharges changes with different return
periods was used theoretical probability distributions. It
provides to estimate the water potential of mentioned river
with different return periods. In this method instantaneous
peak and annual mean discharges statistics during period
estimated by use of SMADA software and the most suitable
of statistical distributions were determined with comparison
of observational and predicted data. For determining the
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most suitable statistical distributions, the distribution is
appropriate that has the best fitting with predicted values.
One of the methods of selecting the best distribution and
fitting values is Residual sum squares (R.S.S) for each
distribution. R.S.S calculates using equation (1).
RSS=[Z(Q.-Q)*/ (n-m)]"” 0)
Where Q. is predicted value for each data, Q, is observed
value for each data, n is number of data and m is number of
distribution parameter that it is two parameters for Normal
and two parameters Log-normal and Gumbel Extremal type I
distributions and it is three parameters for Pearson type III
and Log Pearson type III and three parameters Log-normal
distributions. The distribution will be suitable that has lowest
R.S.S value and it selects for data determination with desired
return period[10].

3. Results and Discussion

Tables (1&2) show instantaneous peak and annual mean
discharge values in different return periods using different
distributions. Figure (2) is shown fitting observational and
predicted instantaneous peak using Log Pearson III
distribution and figure (3) is shown fitting observational and
predicted annual mean discharges values using 2parameters
log-normal as examples. And finally, table (3) is shown
R.S.S values for different distributions.

Table 1. Instantaneous peak discharges with different retum periods (m*/s)

Probability Retum period
distribution Q2 Qs Quo Qos Qso Qoo Qo
Normal 1103 1782 2137 2516 2716 2981 3182
Two
parameters 891 1545 2061 2802 3416 4087 4808
Log-normal
Three
parameters 1033 1747 2167 2650 2982 3301 3604
Log-nomal
Pearson I1I 1001 1733 2179 2705 3075 3427 3767
LogPearson
1 1011 1932 2320 2587 2680 2723 2737
bel 993 1737 2229 2852 3313 3772 4228
Extremal

Table 2. Annual mean discharges with different return periods (m*/s)

Probability Retum period
distribution Q2 Qs Qo Qs Qs0 Qoo Q200
Nommal 733 133 164 197 21.8 23.8 255
Two
parameters 53 10.4 149 21.8 279 378 42.6
Log-normal
Three
parameters 57 11.8 16.2 222 268 316 36.7
Log-normal
Pearson I1I 48 10.8 15.8 23 28.7 34.6 40.8
Logfilefrson 5 116 174 26 333 412 50
Gumbel 64 129 172 226 267 307 347
Extremal I
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values of log Pearson III distribution by SMADA
107
30+
-
< / Actual Data
>20_.
10+
/ Distribution
0 t t t t {
0.0 0.2 0.4 0.6 0.8 1.0

Weibull Probability

Figure 3. Observational and predicted annual mean discharges values of
2parameters log-normal distribution by SMADA

Table 3. Residual sum squares (R.S.S) values

Probability T R‘is values
distribution nstantaneous pe Annual mean
Normal 191 34
T wo parameters 2413 213
Log-normmal ’ ’
Three parameters 1536 208
Log-normal ’ ’
Pearson III 1473 19
LogPearson IIT 1244 1.16
Gumbel Extremal I 1374 228

Evaluation of statistical distributions of instantaneous
peak discharges in table (1) showed that Normal and two
parameters Log-normal distributions have shown the lowest
fitting between observational and predicted values. In the
Normal distribution negative values is predicted that it is not
logical with regard to be perennial of Minab River and there
is not negative values for discharge in the nature too. Also,
these mentioned distributions had the highest R.S.S value,
therefore they are unsuitable. Three parameters Log-normal,
Pearson type III and Gumbel Extremal type I distributions
have shown relatively the best fitting in experimental and
estimated curves apparently but estimated data curve has
shown negative values that it is not logical. In Log Pearson
type III distribution, predicted values have shown best fitting
with observationaldata and also it had the lowestR.S.S value
(124.4) than the other distributions. Therefore it is the most

suitable distribution for estimating instantaneous peak
discharges.

Evaluation of statistical distributions of annual mean
discharges in table (2) showed that Normal and Gumbel
Extremal type I distributions have shown the lowest fitting
between observational and predicted values. In these
distributions are estimated negative values that it is not
logical. This occurs because of these distributions are two
parameters and from the coefficient of skewness factors do
not use in calculating the coefficient of variation firstly,
secondly the data were fitted directly and without taking the
logarithm of the data. Experimental and estimated curves in
three parameters Log-normal distribution had appropriate
fitting but negative values in this distribution are predicted
too that it is not logical. The fitting observational and
predicted values of annual mean discharges using Log
Pearson type III, Pearson type III and two parameters
Log-normal distributions showed an appropriate accordance
but observational and experimental curves in Log Pearson
type Il had the most fitting and the lowestR.S.S value (1.16)
than the other distributions too. Therefore it is the best
distribution for estimating annual mean discharges with
different return periods.

4. Conclusions

Computation of flood average probability of occurrence or
average return periods can help to solve many problems. For
example, in the flood control projects and also design of
structures dimension such as dam spillway conducts with
regard to probability of floods occurrence and discharges
related to them. For the water balance project for a region
uses mean discharges whereas the water balance
computation by use of maximum discharges more shows
region water volume. The results of statistical distributions
in estimating instantaneous peak discharges with different
return periods showed that predicted values in Log Pearson
type III distribution had the best fitting with observational
data and it had the lowest R.S.S value (124.4) than the other
distributions too. Therefore this distribution is the most
suitable for estimating instantaneous peak discharges. Also,
Log Pearson type III distribution is the most suitable
distribution for estimating annual mean discharges with
different return periods and then Pearson type III distribution
is suitable with R.S.S values (1.16 & 1.9) had the best fitting
respectively.
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