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ABSTRACT

It is extremely important to predict floods for planning water systems and reducing flood damage. For the
Akcay stream, which is one of the important branches of the Sakarya river , the floods that can be seen at
certain time frequencies have been estimated. Normal (Gauss), log-normal and Gumbel distributions have
been used in this context. The suitability of the distributions is investigated using Kolmogorov-Smirnov
test and log-normal distribution is appropriated. As a result, the 100-year flood discharge is found to be

7,52 m3/s on log-normal distribution.
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1. INTRODUCTION

The management of drinking and usage water in
parallel with the population is driving the various
water resources. In response to this situation, the
municipality of Sakarya, Sakarya Water Sewerage
Administration (SASKI) planned a dam on Akcay
in order to supply water for drinking and usage.
The dam construction is almost complete and is
expected to be opened soon.

It is vital importance to know the flood events
which are extremely important in the design of
river structures in this framework. As it is known,
due to floods, the hydrological balance in the basin
is disturbed and It can be large amount of life and
property losses [1].

Estimation of flood discharges is crucial in
reducing flood damage and designing water
structures. Estimation of floods using statistical
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methods is widely used in hydrology. It is possible
to reduce the loss of goods and lives by predicting
flood events.

Hydrological data are tested with probability
distributions since they have random variable
characteristics. On the other hand, the most
appropriate distribution to the data and the
accuracy of the predictions made should be
determined [2].

Normal, log-normal and Gumbel distributions are
commonly used in determining the flood
discharges. While the most appropriate
distribution is determined, suitability tests such as
method of Kolmogrov-Simirnov are used.

In this study, amount of flood discharges were
estimated in different periods of 5, 10, 25, 50, 100,
250 years to increase the reliability of water
structures on Akcay, provide flood control and
reduce the damage of flood.
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2. FLOOD FREQUENCY ANALYSIS

The appropriateness of a given distribution in
hydrologic frequency analyses is not known
precisely [3]. But there are many methods
developed for flood analysis. The most commonly
used Kolmogrov-Simirnov (K-S) test, which is
most commonly used for normal, log-normal and
Gumbel distributions and the appropriateness of
distribution, is briefly described below.

2.1. Normal Distribution (Gauss Distribution)

A normal distribution in a variety x with mean
i and variance ¢® is a statistic distribution
with probability density function, on the domain
X € (—o0,+00) [4].

1
oV2m

p(x) = —=exp[—(x — w)?/20?] (1)
Eq. (2) is used to tabulate the probability density
and probability distribution functions of the
normal distribution [5].

z=(X-u)/o 2)
2.2. Log-normal Distribution

The log-normal is a probability distribution which
has random variable logarithmic normal
distribution. If y is a random variable with normal
distribution, then the probability distribution for x
= exp (y) is a log-normal distribution. In this case
the log-normal probability density function is as
follows [5].

(x) = P(y)

dy
dx

1 N2, 2]t
—en [(lnx wy) /ZO'y]x 3)

Ty

Where, puy and oy are the mean and standard
deviation of the y variable as follows.

Uy = exp (uy + %32') (4)

2 2
Ox = .ux(egy - 1) ®)
2.3. Gumbel Distribution
If the probability of overturning a flood deficit is

denoted by P, then according to the Gumbel
distribution,

p(x) = 1 — exp[—exp(=y)] (6)
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by simplifying the equation (6)

y = In[In(1 - p)] (7)
Where,

p is the probability of observing events. The

parameters of the Gumbel distribution are « and .
o and g found as follows [5].

11,2825
a=12 ®)
B = tx — 0,450 0, ©)

2.4. Kolmogorov-Smirnov (K-S) Test

The Kolmogorov-Smirnov (K-S) test, which is
widely used in hydrology, is most commonly
given by the equation (10).

A= " F (x;) — Fp(x)| (10)

Where F (xi) is the ordinate corresponding to the
selected xi distribution function, and Fa (xi) is the
additive frequency distribution ordinal calculated
from the observed sample [6].

3. STUDY AREA AND DATA

Akcay Stream, which is one of the important
branches feeding the Sakarya River, is located
between  40°33'44,47"N-30°07'27,88"E  and
40°39'46,52"N-30°22' 13,65"E coordinates. The
source of Akcay is in Eskiyayla region from north-
east of Geyve and joins to the Sakarya River from
the neighbourhood of Adliye Village after joining
with many small creeks. Giimiisdere, Karakiitiik
Stream, Goclik Stream, Mandura Stream,
Haciomer Stream and Kirca Stream can be shown
as the tributaries that supply Akcay. Akcay stream
has a total length of 25 km and has a basin area of
approximately 20 km? [7]. A satellite image of
Akgay is given in Figure 1.

Current measurements have been made on the
river since 1957 in Dokurcun by AGI (Stream
Gauging Station). The annual maximum flows
during the 27-years period between 1983 and 2009
are specified as observed data and are given in
Table 1. The annual mean maximum flow is
2,64m?3/s. The minimum and maximum values of
long-term annual mean currents are 0,44 m%/s and
6,72 ms.
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TURKEY ‘

log-normal and Gumbel distributions. The values
obtained Table 2. In addition, Kolmogorov-
Smirnov (K-S) test and R? were performed to
determine the most suitable distribution and the
results of test are given in Table 3.

Table 2. Flood Recurrences for Different

Distributions

Flood
recurrence

Probability Distributions

Gauss Log-Normal Gumbel
Distribution  Distribution  Distribution
(m3/s) (m/s) (m3/s)
Qs 3,80 3,53 3,63
Q10 4,40 4,39 512
GoogleEarth Q25 5,05 5,52 6,43
Qso 5,46 6,40 7,39
Figure 1.Satellite image of Akcay Q100 5,92 7,52 8,36
. Q250 6,29 8,59 9,62
Table 1. The Annual Maximum Flows
Years 1983 1984 1985 Table 3. Results of Kolmogorov-Smirnov (K-S)
3 Test and R?
Flows(m®/s) 5,45 2,67 2,65 —
Distribution Amax.  AaValues  R?
Years 1986 1987 1988 s 020 029 Sols
auss : , ,
Flows(m®/s) 2,63 5,4 2,23
Log-Normal 0,16 0,29 0,9350
Years 1989 1990 1991
Gumbel 0,28 0,29 0,8838
Flows(m®/s) 0,71 2,04 2,15
Years 1992 1993 1994 The variation of the observed and estimated
Flows(m®/s) 3.48 210 1.43 frequencies, trend line, R? are given in Figures 2, 3
’ ’ ’ and 4.
Years 1995 1996 1997
3
Flows(m?®/s) 2,75 2,89 6,72 Gauss Distribution
Years 1998 1999 2000 1,2
Flows(m®/s) 2,75 0,75 3,01 1,0
Years 2001 2002 2003 08
Flows(m®s) 0,44 2,81 2,99 g '
Years 2004 2005 2006 E06
"
Flows(m3/s) 3,09 1,55 2,6 W4
Years 2007 2008 2009 y=0,0311x+0,037
0,2 R<=0,9187
Flows(m®/s) 1,86 2,75 1,49
0,0
00 02 04 06 08 09

4. RESULTS AND ANALYSIS

The flood discharges of 5, 10, 25, 50, 100 and 250
years belonging to different periods of Akcgay in
the study area are estimated by using normal,
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Observed

Figure 2. Frequencies According to the Normal

Distribution
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Lognormal Distribution 1-) From Table 1, the annual mean maximum

121 flows value is 2,64 m3®s. The minimum and
L maximum values of long-term annual mean
currents are 0,44 m%/s and 6,72 m?/s.

S o8 2-) From Table 3, due to log-normal Amax=0,16
g 06 - SGaUSS Amax:(),zo < Gumbel Amax:(),zg < Aq
= =0,29 all distribution functions are suitable.
W However, the smallest Amax is log-normal Amax =
y = 0,0345x + 0,0332 0,16. Therefore, the log-normal distribution is

02 - R2=0,935 chosen as the most appropriate distribution.

3-) It is understood from Table 4 that the normal,

0
00 02 03 05 06 08 09 .
log-normal and Gumbel methods used in the

Observed estimations made for the Akcay stream are close to

: . : each other.

Figure3. Frequencies According to the Log-

Normal Distribution 4-) It is understood from Figure 2 that the R2 of the
] normal distribution is found 0,9187, from Figure 3
On the other hand, the function between that the R? of the log-normal distribution is found
distributions was investigated and the correlation 0,9350, from Figure 4 that the R? of the Gumbel
Table 4. distribution R? is 935 %, the most suitable

) . distribution is log-normal distribution.
Table 4. The Correlations Coefficient of the

__Distributions : 5-) Since Akcay's mean flow and basin is small, a
Probability Correlation 100-year flood forecast has been chosen instead of
Distributions Coefficient the 250-year flood forecast. Consequently Akcay
Gauss-Gumbel 0,9977 flow 7,52 m3/S is chosen.
Log-normal- Gumbel 0,9948 5. CONCLUSIONS
Gauss-Log-normal 0,9918

Statistical methods are widely used in frequency
analysis of rivers. Possible flood discharges can
Gumbel Distribution also be calculated by using statistical methods.
Flood discharges are very important for designing
of the river structures. Due to fact that, flood
discharges of Akcay play an important role for
water resources planning in stream.

1,0
0,8

06
The flood forecast for different time periods is
found. Since Akcay's basin area is small, 100 years
of flood is preferred instead of 250 years of flood.
y =0,0228x +0,1326 However, possible flood discharge period,
R?=0,8838 . . e

depending on economic conditions and the

condition of the river structures can be varied.

04

Estimated

02

0,0
00 02 04 06 08 09 The best result is found using log-normal
Observed distribution. However, other distribution functions

can be used in future studies.

Figure 4. Frequencies According to the Gumbel
Distribution

The results obtained in the study are listed below.

Sakarya University Journal of Science, 22 (5), 1309-1313, 2018. 1312



[1]

[2]

[3]

[4]

[5]

[6]

[7]

Sakarya University Journal of Science, 22 (5), 1309-1313, 2018.

Sandalci, M. / Flood Frequency Analysis of Akgay Stream

REFERENCES

Ozcan 0., “Sakarya Nehri Alt Havzasi’nin
Taskin Riski Analizinin Uzaktan Algilama
ve CBS ile Belirlenmesi,  Istanbul Teknik
Universitesi, Bilisim Enstitiisii, Yiiksek
Lisans Tezi, istanbul 2007.

Anli  A.S., “Giresun Aksu Havzasi
Maksimum Akimlarinin Frekans Analizi, ”
Akdeniz  Universitesi  Ziraat Fakiiltesi
Dergisi, 2006.

Asik S., Akkuzu E., Karatas B.S., “Gediz
Havzas1  Akarsular1  Yillikk  Toplam
Akimlarma En Uygun Olasilik Dagilim
Modelinin Belirlenmesi, ” Ege Universitesi
Ziraat Fakultesi Dergisi, 2004.

Wolfrom, “Normal Distribution, » 2018.
[Online].  Available:  http://mathworld.
wolfram.com/NormalDistribution.html
[Accessed: 01-March-2018].

Bayazit, M., “Hidrolojide Istatistik
Yontemler,” Ders Notlari, ITU Matbaasi,
Istanbul, 1981.

Bayazit, M., “Insaat Miihendisligi icin
Istatistik Ders Notlar,” I7TU, Insaat
Fakiiltesi, Istanbul,1984.

T.C. Sakarya Biiyliksehir Belediyesi,
“Akcay Baraj1 Projesi Nihai CED Raporu,”
SASKI Genel Md., 2012.

1313



	1. Introduction
	2. Flood Frequency Analysis
	2.1. Normal Distribution (Gauss Distribution)
	2.2. Log-normal Distribution
	2.3. Gumbel Distribution
	2.4. Kolmogorov-Smirnov (K-S) Test

	3. STUDY AREA AND DATA
	4. RESULTS and ANALYSIS
	References



