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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 peak, maximum and mean discharges with a 58
years time period had been collected from Karkheh River (Jelogir Majin and Pole Zal stations in upstream of Karkheh Dam)
in Khuzestan province at Iran. After outlier, 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 Il with R.S.S (145.91) and with R.S.S (13.67) for annul peak discharge and Log Pearson type 11l with
R.S.S (145.91) and with R.S.S (13.67) for annul maximum discharge in Jelogir Majin and Pole Zal stations respectively, also
Pearson type 111 and then Log Pearson type Il with R.S.S (7.55 & 7.8) and R.S.S (0.79 & 0.8) demonstrated the most fitting

for annual mean discharge in Jelogir Majin and Pole Zal stations respectively.
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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 [11]. 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
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such as determination of risk criterions and reliability in the
design of structures. This analysis provides this possible
until the frequency 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 [2, 6, 8, 9, 10, 12, 14]. 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 Il 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 111 and
two parameters Log-normal distributions were suitable [13].
Khosravi et al. Determinate of Suitable Probability
Distribution for Annual Mean and Peak Discharges
Estimation in Minab River at Iran and they find Log Person
type Il distribution is suitable for annual mean and peak
discharge [7]. More research was done on flood flows and
manuscripts about mean and minimum flows are not
comparable with floods series [10].
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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. It is
important to find the best probability distribution in
hydrology to design environment system/ planning including
residential areas, industrial areas, and land to cultivate. This
paper has the very unique topic which can be used in Iran
widely. In every year several flood occurs in studied stations
(upstream of Karkheh dam) that caused damage to houses
and agricultural lands and etc. in study area. Flood control is
one of the reasons construction Karkheh dam in downstream
of stations. We can determine the extent of the floods until
reduce this damages in area.

In this research to obtain statistical distributions in
discharges series with different return period, peak and
maximum and also annual mean discharges from Karkheh
River (Jelogir Majin and Pole Zal in upstream of Karkheh
dam, Khuzestan province, Iran) was collected during 58
years period and after outlier test, homogeneity test and
statistical adequacy were compared and evaluated by use of
SMADA software graphical test and Residual sum of
squares (R.S.S).

2. Data and Methodology

2.1. Study Area

Karkheh River in Khuzestan province with 900 km in
length, it is known as the third long river in Iran, is formed
from connecting Kashkan and Saymareh rivers. Statistical
analysis of flows passing from Karkheh River shows that
although the numbers of the year (especially in recent years)
extremely reduce the water flow but it never reaches to zero
and therefore Karkheh River is a perennial river. Jelogir
Majin and Pole Zal stations (upstream Karkheh dam) are
located between latitudes 31° 48 and 34° 58 N and
longitudes 46° 57 and 49° 10 E. Upstream watershed area is
51.000 square kilometers and located at elevation of 1216
meters above sea level. This stations has equipment and
Statistics relate to this stations are as well as evaluated.
Figure (1) shows the study area location.
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Figure 1. The study area location
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2.2. Study Method

In this study was collected peak and maximum and also
annual mean discharges data during 1958-1959 until
2015-2016 periods from Iran Water Resources Management
Company (IWRMC). We used annual mean discharge
instead of daily, weekly, monthly discharges because our
aim is checking discharge in annual period. If we can
estimate the annual discharge on a stream (which we usually
can from rainfall-drainage area relations, or from a water
budget), then we can reduce flood damages in the area with
different methods.

Using of data must have three conditions of adequacy,
accuracy and relevance was controlled mentioned stations
data. For this purpose with regard to possible deficiencies in
the statistics mentioned stations discharges, first,
deficiencies of peak and maximum and also 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. We
did W.R.C (Water Resources Council) method to find the
outliers of data series too. The all data series during 58 year
(1958 until 2015) were suitable for estimation. In order to
access this discharges changes with different return periods
were used theoretical probability distributions. It provides to
estimate the water potential of mentioned river with different
return periods.

A return period is an estimate of the likelihood of an event,
such as an earthquake, flood or ariver discharge flow to
occur. It is a statistical measurement typically based on
historic data denoting the average recurrence interval over an
extended period of time, and is usually used for risk analysis
(e.g. to decide whether a project should be allowed to go
forward in a zone of a certain risk, or to design structures to
withstand an event with a certain return period).

The theoretical return period is the inverse of the
probability that the event will be exceeded in any one year
(or more accurately the inverse of the expected number of
occurrences in a year). The estimated return period is a
statistic: it is computed from a set of data (the observations),
as distinct from the theoretical value in an idealized
distribution. Return period is useful for risk analysis (such as
natural, inherent, or hydrologic risk of failure). When
dealing with structure design expectations, the return period
is useful in calculating the riskiness of the structure.

In this study annual Peak and maximum and also 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 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).

2
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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 |
distributions and it is three parameters for Pearson type 111
and Log Pearson type 11l 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 [11].

3. Results and Discussion

Figures 2-7 are shown fitting observational and prdicted
peak and maximum and also annual mean using six common
Hydrology distributions Normal (N), 2 parameters
Lognormal (LN2), 3 parameters Log-normal (LN3), Pearson
Type Il (P3), Log Pearson Type Il (LP3) and Gumbel
Extremal Type | (GEI). Tables 1-6 are shown peak and
maximum and also annual mean discharge values in different
return periods using different distributions and also are
shown R.S.S values for different distributions.

Q., Qs, etc. are Annual discharges with different return
periods (m¥s). For example Q, (m%s) is Annual peak,
maximum or mean discharges with two years return periods.
And also Q; (m¥s) is Annual peak, maximum or mean
discharges with three years return periods. Evaluation of
statistical distributions of peak and maximum discharges in
tables 1-4 showed that N and LN2 distributions have shown
the lowest fitting between observational and predicted values.
In the N distribution negative values is predicted that it is not
logical with regard to be perennial of Karkheh River and
there is not negative values for discharge in the nature. Also,
these mentioned distributions had the highest R.S.S value,
therefore they are unsuitable. LN3, P3 and GEI distributions
have shown relatively the best fitting in experimental and
estimated curves apparently but estimated R.S.S value are
high therefore they are unsuitable. In LP3 distribution,
predicted values have shown best fitting with observational
data and also it had the lowest R.S.S value (145.91) for peak
and value 141.08 for maximum discharge in Jelogir Majin
and the lowest R.S.S value (13.67) for peak and R.S.S value
8.95 for maximum discharge in Pole Zal than the other
distributions. Therefore it is the most suitable distribution for
estimating instantaneous peak and maximum discharges in
two stations.

Evaluation of statistical distributions of annual mean
discharges in table 5-6 showed that N and GEI 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
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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 LP3, P3 and LN2 distributions

showed an appropriate accordance but observational and
experimental curves in P3 and LP3 had the most fitting and
the lowest R.S.S value (7.55&7.80) for Jelogir Majin station
and the lowest R.S.S value (0.79&0.80) for Pole Zal station
than the other distributions too. Therefore they are the best
distribution for estimating annual mean discharges with
different return periods.

Table 1. Annual peak discharges with different return period (m%s) in Jelogir Majin station

Return Probability distribution
Period N LN2 LN3 P3 LP3 GEI
Qa0 3678.02 5602.78 5027.02 5291.30 5650.23 4532.98
Q10 3443.62 4744.95 4406.03 4623.01 4896.14 4052.79
Qso 3187.47 3956.97 3804.64 3963.88 4163.48 3570.85
Qzs 2902.64 3233.45 3219.31 3313.53 3452.76 3085.32
Quo 2461.62 2365.22 2460.59 2465.62 2546.21 2430.84
Qs 2047.91 1763.97 1884.21 1830.07 1881.76 1912.85
Q: 1662.41 1342.14 1443.27 1362.03 1398.60 1501.47
Q: 1257.22 1007.02 1061.81 983.96 1007.66 1130.50
RSS 367.82 187.38 191.53 176.83 145.91 234.79
Log Pearson Type Il

5000 1

4000 +

3000 + / Actual Data

Value
2000 + /
-
1000 + _ / Distribution
) .//
O - | | | | |
0.0 0.2 0.4 0.6 0.8 1.0

Weibull Probability

Figure 2. Observational and predicted annual peak discharges values of log Pearson Type Il distributions by SMADA in Jelogir Majin station

Table 2. Annual peak discharges with different return period (m%s) in Pole Zal Station

Return Probability distribution

Period N LN2 LN3 P3 LP3 GEI
Qa0 750.59 1051.46 910.36 938.86 1064.21 910.96
Quo0 706.62 916.64 824.94 848.35 94556 820.89
Qso 658.57 788.99 738,57 756.25 827.16 730.49
Qs 605.15 667.82 650.43 661.86 708.73 639.41
Qo 522.42 515.86 528.74 531.56 551.15 516.65
Qs 444.82 404.90 429.06 425.79 429.34 419.49
Qs 372,51 323.10 347.25 340.56 336.01 342.32
Q 296.51 254.87 271.38 263.833 256.28 272.74
RSS 47.87 26.38 24.16 20.02 13.67 28.67
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Figure 3. Observational and predicted annual peak discharges values of log Pearson Type Il distributions by SMADA in Pole Zal Station

Table 3.  Annual maximum discharges with different return period (m*%s) in Jelogir Majin station
Return Probability distribution
Period N LN2 LN3 P3 LP3 GEI
Q200 2381.47 3518.75 3308.97 3498.27 3439.47 2919.23
Q100 2234.04 3012.52 2888.86 3042.81 2926.74 2617.20
Qso 2072.92 2542.21 2486.48 2597.23 2491.05 2314.06
Qs 1893.77 2104.94 2099.59 2161.96 2129.41 2008.67
Quo 1616.36 1571.50 1606.13 1603.23 1536.51 1597.01
Qs 1356.14 1194.68 1238.43 1193.83 1194.72 1271.19
Qs 1113.67 925.36 962.17 900.39 929.75 1012.44
Q. 858.81 707.45 727.40 671.44 711.91 779.10
RSS 241.06 148.20 144.25 147.87 141.08 162.58
Log Pearson Type IlI
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Figure 4. Observational and predicted annual maximum discharges values of log Pearson Type |11 distributions by SMADA in Jelogir Majin station
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Table 4. Annual maximum discharges with different return period (m*/s) in Pole Zal Station

Return Probability distribution
Period N LN2 LN3 P3 LP3 GEI
Q00 446.58 616.16 536.56 552.60 | 599.44 540.37
Qo0 420.87 539.86 487.65 500.81 | 538.61 487.70
Qso 392.77 467.24 438.06 44799 | 476.82 434.83
Qzs 361.52 397.90 387.30 393.73 | 413.84 381.56
Quo 313.14 310.27 316.93 31856 | 327.99 309.76
Qs 267.76 245.70 259.02 257.24 | 259.81 252.94
Qs 225.47 197.68 211.27 207.58 | 206.30 207.81
Q. 181.02 157.30 166.80 162.60 | 15957 167.11
RSS 27.12 15.66 14.23 1211 8.95 16.85
Log Pearson Type IlI
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Figure 5. Observational and predicted annual maximum discharges values of log Pearson Type |1 distributions by SMADA in Pole Zal Station

Weibull Probability

Table 5. Annual mean discharges with different return period (m%s) in Jelogir Majin station

Return Probability distribution

Period N LN2 LN3 P3 LP3 GEI
Quo 322.45 42713 362.86 37025 | 341.66 386.86
Quo0 304.80 379.23 335.37 34132 | 32436 350.69
Qs 285.50 333.01 306.79 31125 | 303.93 314.38
Qs 264.05 288.19 276.72 27962 | 279.67 277.80
Qu 230.82 230.39 233.48 23432 | 239.94 228.50
Qs 199.65 186.76 196.30 19571 | 201.80 189.48
Qs 170.61 153.58 164.38 162.95 166.99 158.49
Q. 140.09 125.03 133.43 131.72 132.63 130.54
RSS 13.05 12.05 8.11 7.55 7.80 11.44
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Figure 6. Observational and predicted annual mean discharges values of Pearson and log Pearson Type Il distributions by SMADA in Jelogir Majin

station

Table 6.  Annual mean discharges with different return period (m?s) in Pole Zal Station

Return Probability distribution

Period N LN2 LN3 P3 LP3 GEI
Q200 19.15 24.30 22.88 23.55 22.54 22.75
Q100 18.16 21.88 20.92 21.47 20.78 20.73
Qso 17.09 19.50 18.94 19.36 18.95 18.70
Qzs 15.89 17.16 16.93 17.20 17.04 16.66
Q1o 14.03 14.08 14.17 14.23 14.31 13.90
Qs 12.29 11.69 11.92 11.84 12.03 11.72
Qs 10.67 9.83 10.08 9.92 10.14 9.99
Q: 8.96 8.20 8.38 8.20 8.39 8.43
RSS 1.19 1.41 0.86 0.79 0.80 0.87
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Figure 7. Observational and predicted annual mean discharges values of Pearson and log Pearson Type Il1 distributions by SMADA in Pole Zal Station

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. We can determine the extent of the
floods at the future in this studied stations until reduce
damages in area.

The results of statistical distributions in estimating peak
discharges with different return periods showed that
predicted values in Log Pearson type 11 distribution had the
best fitting with observational data and it had the lowest
R.S.S value (145.91) and (13.67) for Jelogir Majin and Pole
Zal stations respectively than the other distributions too.
Therefore this distribution is the most suitable for estimating
peak discharges. Also, Log Pearson type Il distribution is
the most suitable distribution for estimating annual

maximum discharges with different return periods is suitable
with R.S.S values (141.08 ) and (8.95) for Jelogir Majin and
Pole Zal stations respectively than the other distributions too.

At the end, Log Pearson type Il distribution is the most
suitable distribution for estimating annual mean discharges
with different return periods and then Pearson type IlI
distribution is suitable with R.S.S values (7.55 & 7.8) and
(0.79 & 0.80) for Jelogir Majin and Pole Zal stations
respectively had the best fitting.

In this study we find that the LP3 is very important
distribution for annual discharge such as peak, maximum
and mean discharges and it has the best forecasting for this
series.
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