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Research Article
Cost Optimization of Hanoi Water Distribution Network with

Meta-Heuristic Optimization Algorithms
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Abstract

Water transfer and distribution systems have high-cost values in a process from the collection of required
water to the delivery by end-users. Besides the existence of few options for water transmission systems, there
are more possible solutions for water distribution systems which have to require necessary conditions.
Defining the best system which has minimum cost value for a water distribution system has been an
optimization problem in time. Different optimization algorithms have been revealed with the help of the
innovation of computer technologies and these algorithms were used in cost optimization of water
distribution network field and performance of algorithms have been evaluated nearly for 50 years. In this
study, Particle Swarm Optimization (PSO) and Genetic Algorithm (GA) methods, commonly used in the
literature, and recently revealed Artificial Bee Colony (ABC) algorithm method were applied to Hanoi water
distribution network for the purpose of cost optimization. To determine the best performing algorithm for this
case study; the comparative performance analysis of convergence velocity, stability, and distribution of
results were evaluated.

Keywords: Optimization, water distribution network, artificial bee colony, genetic algorithm,
particle swarm optimization algorithm

Oz

Gerekli suyun toplanmasindan kullanicilara ulagtirilmasina kadar gegen bir siire¢ igerisinde su iletim ve
dagitim sistemlerinin yiiksek maliyet degerleri igerdigi goriilmektedir. Su iletim sistemlerinde daha az sayida
secenegin bulunmasina karsilik su dagitim sebekeleri istenen sartlari saglayan daha fazla olasi ¢ozimii
icermektedir. Zamanla, minimum maliyet degerine sahip olan en iyi sistemin tasarlanmasi bir optimizasyon
problemi haline gelmistir. Son 50 yildir bilgisayar teknolojilerindeki gelisme ile birlikte ¢esitli optimizason
algoritmalar1 ortaya atilmis ve bu algoritmalar su dagitim sebekelerinin maliyet optimizasyonu konusunda
kullanilarak algoritmalarin performanslar1 degerlendirilmistir. Bu c¢aligmada literatiirde yaygin olarak
kullanilmis olan Parcacik Siirii Optimizasyon ve Genetik Algoritma ydntemlerine ilave olarak diger iki
yonteme kiyasla daha yakin zamanda ortaya atilmis olan Yapay Ar1 Kolonisi algoritmasi ile Hanoi su dagitim
sebekesi lizerinde maliyet optimizasyonu yapilmistir. Mevcut ¢alisma kapsaminda en basarili algoritmanin
belirlenmesi i¢in yakinsama hizi, tutarlilik ve sonuglarin dagilimi karsilastirmali performans analizi
kapsaminda incelenmistir.

Anahtar kelimeler:Optimizasyon, su dagitim sebekesi, yapay art kolonisi, genetik algoritma,
parc¢actk siirti optimizayon algoritmasi
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Introduction

Collecting, transporting and delivering the necessary water to the customers
include different processes. These processes are both crucial for urban life and very
expensive. When cost values which were occurred in these processes are investigated, it
can be seen that the cost rate of water transmission and distribution systems over total cost
is very high. Ozdaglar et al. (2006), asserted that cost rate of water transmission and
distribution systems over total project cost is nearly 56%,Dandy & Engelhardt (2006)
asserted that pipe cost in the Water Distribution Networks (WDNs) constitute nearly 70%
of the total cost. On the other hand, some researchers claim that total project cost can be
reduced by approximately 50% with the use of the suitable pipe diameters (Murphy et. al,
1993; Quindry et. al, 1981).

Presence of high-cost values over water transmission and distribution systems
canalized the researchers to study in this field. Researchers have been interested in
especially WDNSs field in time. However, the presence of different design criteria about the
WDNs, the multitude of nonlinear equation to determine the pipe diameter and large
interval of the commercial pipe sizes made the design become harder.

In this way, it has become an optimization problem with the minimum cost value
and at the same time determining the best system, that meets the necessary conditions. Cost
optimization has become a necessity both in designing a new system and in the
rehabilitation of an existing system.

Initially, traditional optimization algorithms like linear and non-linear programming
were used in this field in the literature. Particularly linear programming method has been
preferred and accepted by many researchers for a long time (Tospornsampan et. al, 2007).
In the 1990s, stochastic optimization algorithms like Tabu Search, Genetic Algorithms
(GA) and Simulated Annealing methods were used for determining the optimum system.
Recently, Meta-Heuristic optimization algorithms like Particle Swarm Optimization (PSO)
and Shuffled Frog Leaping optimization algorithms that modeling the behavior of different
creatures, which live in a flock format, were used to determine the optimum system.

In the literature, performance of algorithms was compared with using different
algorithms from some benchmark networks like Alperovits and Shamir (Alperovits&
Shamir, 1977) network, NewYork WDN (Schaake& Lai, 1969), Hanoi WDN (Fujiwara
&Khang, 1990) and Two-Loop network (Kadu et. al, 2008). Minimum cost values,
evaluation numbers, convergence velocities and stability of algorithms were compared.
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In this study, Particle Swarm Optimization (PSO) and Genetic Algorithm (GA)
methods, commonly used in the literature, and recently revealed Artificial Bee Colony
(ABC) algorithm method were applied to Hanoi water distribution network for the
purpose of cost optimization. To determine the best performing algorithm for this case
study; the comparative performance analysis of convergence velocity, stability, and
distribution of results was examined.

Main objective of this study is to test the performance of ABC algorithm, which
was revealed recently in the literature. In order to compare results of ABC algorithm, GA
and PSO algorithms were also used for Hanoi WDN. Algorithms were run under equal
conditions as much as possible to control the performance metrics properly in
comparative performance analysis.

Material and Methods

Study Area: Hanoi WDN

Hanoi WDN which was first presented by Fujiwara & Khang (1990) became a
benchmark network (Figure 1). Numerous researchers (Kadu et. al, 2008; Afshar &
Marino, 2005; Babu & Vijayalakshmi, 2013; Cisty, 2010; Cunha & Ribeiro, 2004; Cunha
& Sousa, 1999; Geem, 2009; Perelman & Ostfeld, 2007; Vasan & Simonovic, 2010)
preferred to study this network in the literature. This network has one source, 31 joints and
34 pipes. All joints in the network have Om elevations. The minimum pressure value is

assumed as 30m. Detailed numeric information about Hanoi WDN can be found in Cunha
& Sousa (1999).

Optimum Design of WDNs

There are some criteria for the design of WDNs. These criteria must be satisfied for
all nodes and all pipes of a WDN. At first, the diameter of pipes is determined and head
loses for all pipes are calculated by using Hazen-Williams formula in Eq. ( 1).

Q 1.852
Hk; = { ’ 263 } L,
0.2785C,, D’

(1)

Hk; ]
where 7 shows the head loss in pipe j., 9 expresses the flow running through
the pipe j., Coaw expresses the Hazen-Williams roughness coefficient, which varies

D.

depending on the type of the pipe, and 7 expresses the diameter of the respective pipe.
Head loss values are calculated by using this formula. A head loss in any pipe is extracted
from the previous node's hydraulic head value along the flow directions to determine the

P, pressure values for each joint. Pressure condition in Eq. (2) must be satisfied for each
joint.
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’ )

Herein Py, and Prax show the minimum and maximum pressure values in joint i
respectively for N nodes. In addition, while the flow coming into a node is shown by Q;",
the flow going out of a node is shown by Q;*" and if any, the flow drained from a node is
shown by Q%™ the continuity condition given in Eq. (3) should be met.

Qiin _ Qiuut _ Qidemand — O vi — 1’2’3’ -------- .,N
3)

In the energy conditions given in Eq. (4), sum of the head losses through m pipes in
any flow direction must be equal to the sum of the head losses which occurred in other flow
direction through n pipes. Ymin parameter in Eq.(4) is defined in related codes.

inl. - zn:ij =y=0<y..
i=1l

@

Eventually objective function that is given in Eq. (5) is run with last pipe sizes.
Herein Z shows objective function, D; the diameter of the pipe no j, C(D;) the unit cost for
diameter D; and L; the length of pipe no j. 6 parameter in Eq. (5) shows the penalty cost.
When a pipe system doesn't satisfy any criteria, a penalty cost value occurs and total cost of
the system is increased artificially. In this way, unwanted solutions can be eliminated.

M
Z=3C(D))-L;+5

5)

Figure 1. Hanoi WDN (Cunha & Sousa, 1999).
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Artificial Bee Colony (ABC) algorithms were firstly asserted by Karaboga (2005)
and behavior of food seeking of bees are modeled in this method. In the ABC method,
certain bees leave from the hive and start to search for sources of food places. These bees
come back to their hive for informing other bees about the food places. Then, bees search
for better food sources near the previous food places. In this way, bees try to find the best
food places, which represents the best solution points for any problem. PSO method, which
was firstly proposed by Kennedy & Eberhart (1995),was inspired by the food searching
behavior of birds and fishes in a flock format. GA method uses evaluations of new
generations to reach the best solution points.

ABC, PSO and GA methods start and complete the solution in a similar way like
the other optimization algorithms. At first Xj; initial solution points are defined with Eq. (6)
in the range of x;"" and x;"** limit values.

xi=x;""rand(0, 1) (x;™*-x;™") i=1...... PN,j=1.......... D, (6)

Herein PN means the population number, which is the number of bees for ABC
method, number of particles for PSO method and number of chromosomes for GA method.
PN can take different values for different problems. D, parameter expresses the dimension
of the problem. For example,D,, can be defined as a pipe number for a WDN problem.

After the definition of i solution points, initial solution matrix occurs. Row and
column number can be defined as PN and D, respectively. Every row of the solution matrix
describes a different WDN solution. Then, the objective function in Eq. (5) run and total
cost values are calculated for each WDN solutions. The best solution that has a minimum
total cost value is saved as a global optimum value. After this step, ABC, PSO and GA
methods search for better global optimum solutions and better global optimum values with
different operators.

ABC algorithm searches for better solutions around previous solutions. In the PSO
algorithm; solution points, which were previously found out, are updated to the new best
solution points. GA method uses crossover and mutation operators to change genes’
location. Best solution points and cost values are saved after each iteration. If an algorithm
reaches a better result during optimization, the location of the solution points and cost
values are replaced. When determined iteration number is obtained or predefined cost value
is reached, the algorithm is stopped.
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Results

In order to determine the differences between three methodologies; ABC, PSO and
GA methods were run with the same objective function, discharge values and individual
numbers (number of bees for ABC method, number of particles for PSO method and
number of chromosomes for GA method). Individual numbers were defined as 2, 5, 10 and
20 times of dimension number that was 34 for Hanoi WDN to observe the relations
between the individual number and results. Eventually, individual numbers were accepted
as 68, 170, 340 and 680. Iteration number was accepted as 1000 for all study. In all

methods, 30 trials were carried out to observe the stability. Coefficient of Crw for
Hazen-Williams formula was accepted as 130 for all pipes. Diameter values were identified
in a continuous manner and the results were discretized by rounding to new (nearest)
diameter values.

In PSO method, acceleration parameters were accepted as 2.0 for ¢, and c,. Inertia
weights were accepted as 0.9 for w.x and 0.4 for wy,;,. The limit value for acceleration
parameters was sustained as 0.20m for PSO study (vi.=0.20 m, vp;;=-0.20 m). In GA
method, crossover rate was0.15 and the mutation rate was0.40. Tournament selection was
used from the selection operators for GA method.

At the end of the study, statistical parameters about cost values for 30 trials and box
plot graph for these results were shown in Table 1 and Figure 2 respectively. In order to
show the stability properly, the variation of standard deviation was given in Figure 3.

When the optimization results were observed it was seen that the ABC method
reached better results in spite of PSO and GA in terms of all statistical parameters. The
ABC method obtained lower minimum, average, maximum cost values as shown in Table 1
and lower standard deviation value as shown in Figure. 3. Furthermore, results of the ABC
method have more stable behavior as shown in Figure 2. On the other hand, it was observed
that PSO results had a lower performance metrics than ABC and GA methods. PSO method
obtained higher minimum, average and maximum cost values as shown in Table 1.

Generally, the relation between the performance of the method and the individual
number was not revealed clearly. However, it was seen that the average cost values were
decreased with the increasing individual numbers as shown in Table 1. In this context most
stable behavior was obtained with the PSO method. PSO method reached better solutions
while the individual number increased (Table 1).
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Convergence graphs give information about the convergence velocity of the
algorithms. In this mean, convergence graphs of the best results for each method are shown
in Figure 4 for the individual numbers of 2D, 5D, 10D and 20D. As a summary, it was
observed that even though the PSO algorithm reached the optimum cost value earlier than
the other methods, it obtained higher cost values than GA and ABC ultimately.

Table 1
Statistical Parameters of Optimum Cost Values for ABC, PSO and GA

g ABC (x105)

E Number of Bees

= 2D 5D 10D 20D

A (68) (170) (340) (680)
Min. 6240 6.112 6.120 6.120

Ave. 6.342 6270 6.245 6.225
Max. 6.507 6.434 6.355 6.330

Std.*  0.058 0.067 0.064 0.056
g PSO (x10%)
E Number of Particles
= 2D 5D 10D 20D
A (68) (170) (340) (680)

Min. 6.926 6.576 6.543 6.417
Ave. 7.386 7.116 6.865 6.749
N 7737 7.493  7.161 7.060
Std. 0.237 0.262 0.184 0.176

B
3

GA (x105)
Number of Chromosomes

2D 5D 10D 20D
(68) (170) (340) (680)

Min. 6.380 6.192 6.183 6.250
Ave. 6.829 6.719 6.569 6.522
Max. 7.653 7.874 6.988 6.913
Std. 0.268 0.339 0.187 0.151

Parameters

Note. Std. = Standard Deviation

Furthermore, it was observed that the PSO algorithm caught the local minimum
points. The GA method reached the optimum cost values later than the PSO and ABC
methods. On the other hand, a correlation between convergence performance and
individual numbers was observed for the GA method. As the individual numbers increased,
the GA method gave the optimum value faster.

As a result of this study, the ABC algorithm showed a better performance than PSO
and GA for Hanoi WDN. ABC algorithm obtained the lower cost values (Table 1) with a
more stable structure (Figure 2 and Figure 3).
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Figure 2. The Box Plot graph of optimization results for Hanoi WDN.
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Figure 3. Variation of standard deviation values for Hanoi WDN.
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Discussion and Conclusion

The main purpose of this study is to search the performance of the ABC optimization
algorithm for the WDN problem. Therefore, the GA and PSO algorithms were preferred as
a reference method for the comparison of each method. All of the three methods ran with
the same initial conditions. Three optimization algorithms analyzed by using comparative
performance analysis for Hanoi WDN. At the end of the study, it was observed that the
ABC algorithm obtained minimum cost values with a more stable behavior than the PSO
and GA methods. Furthermore, the ABC method reached the optimum cost value faster
than the other two methods’ general convergence patterns. Finally, it was revealed that the
ABC algorithm performed better than the PSO and GA methods for Hanoi WDN.

Consequently, the optimization process has been a necessity nowadays especially for
the WDN problems which are so expensive structures. Since, the structure of the
optimization methods are so different that it cannot be claimed a certain optimization
method performs well for a certain optimization problem (Yilmaz, 2015). Therefore,
different optimization methods should be tried and the results of these methods should be
compared with each other. In this way, engineering functions can be serviced with fewer
costs.
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Extended Turkish Abstract
(Genigsletilmis Tiirkce Ozet)

Hanoi Su Dagitim Sebekesinin Meta-Sezgisel Optimizasyon Algoritmalari ile
Maliyet Optimizasyonu

Suyun kaynagindan toplanmasiyla baslayip iletilmesi ve biriktirilmesiyle devam eden ve su dagitim
sebekeleri aracilifiyla son kullanictya ulastirilmasiyla son bulan siire¢ bir dizi yliksek maliyetli asamay1
icermektedir. Bu siireglerin toplam maliyetleri igerisinde su iletim ve dagitim sistemlerinin orani oldukca
ylksektir. Bu konuda yapilmis olan bazi calismalar, su dagitim sebekelerinin toplam proje maliyeti
icerisindeki oraninin yaklasik %70'e kadar ¢ikabildigini gostermistir. Su dagitim sebekelerinin yiiksek maliyet
degerleri igermesinin yanisira hidrolik hesaplamalarindaki lineer olmayan ifadelerin c¢oklugu, sebeke
sistemlerinde istenilen bir takim kisitlar ve kullanilan ticari boru tip ve cap seceneklerinin oldukca fazla
olmast bir sebeke sisteminin istenilen sekilde tasarlanmasini giiglestirmektedir.

Bir su dagitim gebekesininhem minimum maliyet degerine hemde istenilen diger sartlara sahip olarak
tasarlanmas1 zaman igerisinde bir optimizasyon problemi haline gelmistir. Bilgisayar teknolojilerindeki
gelisime paralel olarak optimizasyon alaninda siirekli yeni yontemler ortaya atilmistir. Arastirmacilar ortaya
atilan bu optimizasyon tekniklerini kullanarak en uygun sebeke sisteminin belirlenmesi konusunda yaklagik
son 50 yildir ¢aligmalar yiiriitmektedirler.

Bu konuda yapilmis olan c¢aligmalara iliskin literatiir incelendiginde:Ozellikle bazi Benchmark
(Ornek) sebekelerinin tercih edildigi ve arastirmacilarin kullandiklar1 algoritmalar1 bu Benchmark sebekeler
iizerinde deneyerek yontemlerinin basarilarini test ettikleri goriilmektedir. Yaygin olarak kullanilan Bencmark
sebekelerinin bazilari Alperovits ve Shamir Sebekesi. Hanoi su dagitim sebekesi, New York su dagitim
sebekesi ve ki Gozlii sebeke olarak ifade edilebilir.

Mevcut ¢alismada Benchmark sebeke olarak Hanoi su dagitim sebekesi secilmistir. Bu sebeke
iizerinde literatiirde yaygin olarak kullanilan Pargacik Siirii Optimizasyon (PSO) ve Genetik Algoritma (GA)
yontemlerine ilave olarak bu konuda yeni bir yontem olmasi bakimindan 6nemli olan Yapay Ar1 Kolonisi
(YAK) optimizasyon algoritmast kullanilmistir. Hanoi su dagitim sebekesi {izerinde kullanilan bu iig
yontemin sonuca ulasma hizlari, kararliliklart ve minimum maliyet degeri iiretebilmedeki basarilari
kargilastirmali olarak incelenerek mevcut sebeke iizerinde yontemlerin karsilastirmali performans analizi
gerceklestirilmistir.

Mevcut caligmada yontemler arasindaki degerlendirmenin objektif olarak yapilabilmesi amacryla
PSO, GA ve YAK olmak iizere her ii¢ optimizasyon algoritmasida ayni amag¢ fonksiyonu ile ¢aligtirilmig ve
her ii¢ yontem icinde borulardan gegen debi miktar1 gibi hidrolik degiskenler ayni olacak sekilde
optimizasyon modeli kurulmustur. Hanoi su dagitim sebekesi 34 adet borudan olustugu i¢in problem 34
boyutlu olarak tasarlanmigtir. Optimizasyon algoritmalarinin basarisinda 6nemli bir degisken olan birey sayisi
yani YAK ig¢in ar1 sayisi, PSO i¢in pargacik sayisi ve GA ig¢in kromozom sayisi, yontemin basarisinin birey
sayist ile degisip degismediginin gézlemlenebilmesi amaciyla problemin boyut sayisi olan 34' iin 2, 5, 10 ve
20 kat1 olacak sekilde 68, 170, 340 ve 680 olarak belirlenmistir. Yapilan biitiin ¢aligsmalarda iterasyon sayisi
1000 olarak kabul edilmistir. Algoritmalarin kararliliklariin belirlenebilmesi amaciyla her yontem 30 kere
calistirilmis ve elde edilen sonuglara gore yontemlerin performanslari kargilagtirilmistir.

Yapilan ¢alismadan elde edilen sonuglar incelendiginde biitiin istatistiki parametrelere gore YAK
yonteminin PSO ve GA yontemlerine kiyasla daha basarili sonuglar iirettigi goriillmektedir. YAK yontemi
diger iki yonteme gore daha diisiik maliyet degerleri {iretmis ve bunun yaninda daha diisiik standart sapma
degeri elde ederek diger iki yonteme kiyasla daha kararli bir yap1 sergilemistir.

Genel olarak yontemlerin basarisi ile birey sayisi arasinda net olarak bir iliski tespit edilememis olsa
da yontemlerin iiretmis oldugu ortalama maliyet degerlerinin birey sayisi arttikga azalmis oldugu
goriilmiistiir. Bu kapsamda en belirgin davranig PSO yonteminden elde edilen sonuglarda goriilmektedir. PSO
yontemi birey sayisti arttik¢a daha basarili sonuglar iiretebilmistir.
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Yapilan ¢aligmalarda iterasyonlar boyunca maliyet degerlerinin degisimini gosteren yakinsama
grafikleri yontemlerin optimum maliyet degerine ulagma hizlarini degerlendirme bakimindan 6nemlidir.
Yakinsama grafikleri incelendiginde PSO yonteminin optimum maliyet degerine diger iki yonteme kiyasla
daha erken ulastigi fakat diger iki yonteme kiyasla daha yiiksek maliyet degerlerinin elde edildigi
goriilmektedir.Bu sonu¢ PSO ydnteminin yerel minimum noktalarina takilma konusunda diger yontemlere
kiyasla daha hassas ve daha basarisiz oldugunu diisiindiirmiistiir. Bunun yanisira GA yonteminin optimum
maliyet degerine YAK ve PSO yontemlerine kiyasla daha ge¢ ulagtigida yine yakinsama grafiklerinde
goriilebilmektedir.

Sonug olarak bir Benchmark sebeke olan Hanoi su dagitim gebekesi iizerinde YAK, PSO ve GA
olmak iizere 3 adet Meta-Sezgisel optimizasyon algoritmasi ile yapilmis olan karsilastirmali performans
analizinde YAK yonteminin diger iki yonteme kiyasla daha diisiikk maliyet degerleri elde ettigi, daha diigiik
standart sapma degeri lireterek daha kararli bir davranis sergiledigi ve optimum maliyet degerine daha erken
yakinsadig1 sonuglarina ulagilmis ve 6zet olarak YAK yonteminin diger iki yonteme kiyasla daha yiiksek bir
performans sergiledigi goriilmiistiir.

Genel olarak optimizasyon algoritmalarinin dogas1 geregi, belirli bir yontemin her problemde {istiin
davranis sergileyecegini iddia etmek dogru degildir. Herhangi bir yontem bir problem iizerinde bagarilt
olurken bagka bir problem iizerinde basarisiz olabillir. Bu yilizden su dagitim sebekeleri gibi optimizasyonun
gerekli oldugu bir alanda belirli bir sistem tasarlanirken mutlaka farkli yontemler denenmeli ve sonuglar
incelenerek istenilen sistem bu sekilde tasarlanmalidir. Bu yolla kullanicilara miihendislik hizmetinin daha
kaliteli ve daha diisiikk maliyetlerle sunulmasi saglanabilir.
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Abstract

Drinking water quality is regulated by Regulation Concerning Water Intended for Human Consumption by
Ministry of Health in Turkey. As in the process of becoming a member state of EU, Turkish regulation is
compatible with EU Drinking Water Directive. This study revealed that there are 489 drinking water
treatment plants, 397 of which are under operation. This work aims to deterrmine the inventory of the
drinking water treaatment plants in Turkey, and evaluate the current status of the plants. Within this work,
identity cards for these active plants were prepared. Process selection of these plants were specified. A GIS-
based program called ISBIS was developed and all data collected within this work was uploaded to the
database. Site-visits to 193 selected plants were conducted and site-visit reports focusing on operational and
structural issues at these plants were issued. As a result of this work, it appeared that 37 drinking water
treatment plants out of 193 site-visited need to be reconstructed. Also, it was observed that most of the
drinking water treatment plants are not capable of removing micropollutants, and will need major revisions.

Keywords: Drinking water treatment, water quality, regulation, operational issues, revision
Oz

Tiirkiye’de igme suyu kalitesi, Saghk Bakanligi tarafindan hazirlanan Insani Tiiketim Amagh Sular
Hakkinda Yonetmelik ile yonetilmektedir. Avrupa Birligi’ne tam iiyelik siirecinde olan Tiirkiye nin
mevzuati, AB igme Suyu Direktifi degerlerine uygundur. Bu ¢alisma ile Tiirkiye’de 397’si ¢aligmakta olan
489 igme suyu aritma tesisi tespit edilmistir. Bu ¢aligma boyunca her bir aktif icme suyu aritma tesisi igin
kimlik kartlar1 hazirlanmistir. Bu tesislerin proses segimleri incelenmistir. ISBIS isimli CBS-tabanli bir
yazilim gelistirilmis, ¢aligma boyunca toplanan tiim veri bu programin veri tabanina yiiklenmistir. 193 adet
secilmig igme suyu aritma tesisine saha ziyaretleri diizenlenmis, bu tesisler hakkinda isletme ile ilgili ve
yapisal sorunlarin degerlendirildigi saha ziyaret raporlar1 diizenlenmistir. Sonug olarak, ziyaret edilen 193
icme suyu aritma tesisinden 37’sinin yeniden insa edilmesi gerektigi tespit edilmistir. Ayrica, mevcut igme
suyu aritma tesislerinin ¢cogunun mikrokirletici giderimi yapmasinin miimkiin olmadig1 ve revizyona ihtiyag
duyacaklari tespit edilmistir.
Anahtar kelimeler: I¢cme suyu aritimi, su kalitesi, mevzuat, isletme sorunlari, revizyon

ihtiyaci
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Introduction

It is estimated that over 1.1 billion people do not have access to safe water (UNICEF
Handbook on Water Quality, 2008). Keeping in mind that water scarcity is often a problem
of water quality as well as quality is important (Bauer, 2004). One of the major challenges
humanity is facing is related to the uncertainties in spatial and temporal variations in
quality and quantity of water resources (Schwarzenbach et al., 2010). The increase in
population, agricultural and industrial activities leads to the introduction of a wide variety
of chemicals to the environment, and hence result in significant deterioration in water
quality. Contamination of drinking water resources by anthropogenic chemicals is a
problem particularly experienced in industrialized countries (Benner et. al., 2013). As a
result, degradation trends in drinking water quality lead to adverse health impacts (Delpla
et. al., 2009).

Water treatment technologies have evolved over the past few centuries to protect
public health from pathogens and chemicals (Ray and Jain, 2011). The goal of all water
treatment technologies is to remove turbidity as well as chemical and pathogenic
contaminants from water sources in the most affordable and expedient manner possible. A
typical water treatment plant treats lake or river water (turbid surface water with organics)
and processes the raw water using various unit processes, including screening, aeration,
coagulation, flocculation, sedimentation or settling, filtration, hardness treatment,
disinfection, and fluoridation (Spellman and Drinan, 2012).

Drinking Water Quality in Turkey is regulated by Regulation Concerning Water
Intended for Human Consumption by Ministry of Health (2005), which is compatible to the
EU Drinking Water Directive (1998). However, a complete inventory of the surface water
resources used for drinking water supply and drinking water treatment plants are not
available. Also, the problems being experienced at the drinking water treatment plants in
terms of water quality and operation are not recorded.

This work aims to make a complete inventory of the drinking water treatment plants
in Turkey. Doing this, also the treatment process selections were researched and included
in the inventory. Site-visits were conducted to selected drinking water treatment plants for
determination of the problems experienced by the operators, and possible revision needs
that is required at the plants.

Method

An inventory work has been undertaken all around Turkey to deteminate the surface
water resources and drinking water treatment plants. A total of 193 drinking water
treatment plants were site-visited and evaluated in terms of process, operational issues and
treated water quality. A site-visit report was issued for each drinking water treatment plant
site-visited. The reports included information on the water resource of the plant, water
quality, existance of an on-site laboratory and analysis capability, the process and
equipment used, occupational health and security issues and energy efficiency. Revision
needs were determined for each drinking water treatment plant site-visited in terms of both
increasing treated water quality and EU harmonisation process. Also, a study was
conducted to determine the costs to adopt necessary revisions at the drinking water
treatment plants.
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An identity card (ID card) was prepared to include general information on the plant,
process details, all the supporting documents to be supplied by the operators and
operational issues detected during site-visits. These ID cards were filled with relevant
information during site-visits where site-visits were conducted. For plants that were not
visited, the ID cards were sent to the plant operators for their contributions and collected
back once ready.

A GIS based drinking water information system, namely ISBIS (igme Suyu Bilgi
Sistemi in Turkish) was developed, which uses the information on the ID cards as input.
Only using the information on the ID cards, seven different reports can be generated using
ISBIS, which are per capita consumption, per capita production, day vs. year ratio, banded
population, deployable yield, source yield vs. production, and banded capacity. ISBIS also
includes information on surface water resources used for drinking water supply. All data is
available as a map, where all the coordinates for water resources and drinking water
treatment plants are marked. Also, water quality data is available for both the resources and
drinking water treatment plant inlet and outlet. Reports regarding water quality can be
generated through using ISBIS.

Results and Discussions

The work carried out in terms of inventory of the drinking water treatment plants in
Turkey revealed that there are 489 plants. Among these, 397 are in operation while the
other 92 are out of operation. Out of 489, 229 drinking water treatment plants were large
scale, 158 of which are in operation and all site-visited. The other 260 were package
treatment plants and 239 were in operation, while the rest were inactive. Site visits were
conducted to 35 of these package plants.

The process distribution of the treatment plants are given in Table 1. Also the number
of drinking water treatment plants in operation and the ones that were site-visited are listed.
According to the data given, most of the large scale plants do conventional treatment, while
the selected process is advanced treatment for only 12 active large scale plants. On the
other hand, most of the package treatment plants are employed for arsenic removal, while
similar to large scale plants, the number of conventional treatment systems are also high.
Table 1 is visualized in Figure 1 to make the comparison clear.

Table 1

Drinking Water Treatment Plants' Process Distribution and Counts

Type Process Count In operation Site-visited
Large scale Physical treatment 28 28 28

Large scale Conventional treatment 187 118 118

Large scale Advanced treatment 14 12 12
Package* Conventional treatment 109 90 20

Package As removal 115 113 15

Package As) Fe@ and Mn® removal 2 2

Package Fe and Mn removal 20 29

Package Br remowval® 1 1

Package Softening 4 4

Note. *Package drinking water treatment plants are those with treatment capacity below 4000 m*/day.
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Figure 1. Process distribution and counts of drinking water treatment plants in Turkey
(prepared by author).

Figure 2 shows the distribution of large scale drinking water treatment plants among
Turkey. As expected, the plants are mostly located where the population is higher and
where the water needs to be treated prior to supply. Table 2 shows how the site-visited
drinking water treatment plants distributed among the 25 water basins of Turkey.
According to the information given, most of the large scale drinking water treatment plants
are located in Marmara Basin, where more than 20% of the total population of Turkey is
living. On the other hand, there are no large scale plants located in Antalya, Bati Akdeniz
and Burdur Basins.

. Physical treatment
@ conventional treatment
) Advanced treatment

Figure 2. Distribution of large scale drinking water treatment plants among Turkey
(prepared by author).
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Table 2

Distribution of Site-Visited Drinking Water Treatment Plants Among Water Basins of
Turkey

No Basin Physical Conventional Advanced Package Total
treatment treatment treatment treatment
1 Akarcay 0 1 0 0 1
2 Antalya 0 0 0 0 0
3 Aras 0 2 0 0 2
4 Agi 0 0 0 0 0
5 Bat1 Akdeniz 0 4 0 0 4
6 Bat1 Karadeniz 3 3 1 4 11
7 Burdur 0 0 0 0 0
8 Biyiik 0 2 0 0 2
Menderes
9 Ceyhan 0 1 0 0 1
10 Coruh 0 1 0 0 1
11 Dogu Akdeniz 1 3 0 0 4
12 Dogu 6 17 0] 2 25
Karadeniz
13 Firat — Dicle 1 9 1 1 12
14 Gediz 0 1 1 4 6
15 Kizilirmak 1 6 4 3 14
16 Konya Kapali 0 2 0 3 5
17 Kuzey Ege 0 1 0 0 1
18 Kiigiik 0 5 0 3 5
Menderes
19 Marmara 5 29 2 5 41
20 Merig - 1 3 0 0 4
Ergene
21 Sakarya 0 14 3 3 20
22 Seyhan 0 1 0 0 1
23 Susurluk 5 5 0] 3 13
24 Van Glii 0 0 0 2 2
25 Yesilirmak 5 8 0 2 15
TOPLAM 28 118 12 35 193

The evaluation carried out at the site-visited drinking water treatment plants revealed
that there are several major problems regarding the raw water quality, the process selection
at the plants and operation. First, the water intake structures were not selected
appropriately. Some dams supplying water to drinking water treatment plants were
constructed to supply water for irrigational purposes, and the water intake structure was
constructed to take water from one level only. On the other hand, these structures should be
constructed to take water from different levels, depending on the water level at the dams
and water quality at different levels depending on trophic status.

Secondly, process selection of drinking water treatment plants were not done
considering the water quality at the water resource. The main reason for this is lack of data
regarding water quality at the dams and other water resources. Prior to process selection,
long term monitoring should be done at the water resources and the changes in water
quality should be followed carefully. The monitoring should be done at least for five years.
Different locations and levels of water should be included in the sampling work.
Seasonally, cyanobacteria, cyanotoxin and other toxins should be included in the
monitoring. If taste and odor problems are being observed, the source of this should be
defined. Especially, total organic carbon, turbidity and microbiological parameters should
be taken into consideration while treatment process selection is done.
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The site-visits revealed that the incoming flow cannot be distributed equally to
independent treatment lines, resulting in different and deteriorated water quality at the
outflow. Also, the incoming flow is changing in a wide range and suddenly, as mentioned
by the operators. Operational conditions are not changed according to inlet water flow and
quality. At some treatment plants, inflow water quality is not determined, hence there is no
valve to do sampling.

General approach followed in Turkey is to drain the sedimentation tanks occasionally
and to clean the sludge accumulated manually. However, mechanical equipment should be
employed for this, and the sludge cleaning process should be done periodically and
automatically.

Algae formations and solid matter accumulation in aeration and oxidation tanks were
observed at many of the site-visited drinking water treatment plants. As mentioned by the
operators, manganese and iron peaks are observed frequently and it was observed that the
operators are not capable of handling these situations.

Powdered and/or granular activated carbon is used at some drinking water treatment
plants. However, it was understood that there was no selection criteria while selecting these
activated carbons, resulting in low removal rates for targeted pollutants. Not every type of
activated carbon solves the target problems. While selecting the one that is to be used, the
target pollutants and the water chemistry should be taken into consideration for successful
treatment. Also, the steps to dose powdered activated carbon should be determined. Dosage
also needs to be adjusted, as overdosing may result in detection of powdered activated car-
bon in the drinking water to be supplied. Regeneration need of granular activated carbon is
not considered and many of the treatment plants have not done regeneration even once. The
granular activated carbon filters’ inflow and outflow and head losses are not tracked.

In terms of coagulation and flocculation process, Jar-Test is the most important step
of successful removal of pollutants. However, these tests are carried out at only a limited
number of drinking water treatment plants. Accordingly, chemicals are dosed without
knowing the needs. pH adjustment is not done considering the dosages, or not done at all.
Acid and base dosages are done without automation. Different dosages are applied at
independent treatment lines. Sometimes, coagulant dosage is done at steps different than it
was designed in the project. Operators are not changing operation conditions for changing
raw water turbidity. Other than issues on chemical usage, it was observed that sometimes
the fast-mixers are not employed even if they are available at the plant. Also, flocculation
pedals are corroded at many of the plants.
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In clarifiers and sedimentations tanks, the belt cleaners were not in operation, or they
were broken. Lamella plates were deformed where they were employed. There are dead
zones or short circuiting at the basin effluent of some of the plants. The solid
concentrations were not analyzed, water is pumped out of the tanks instead of sludge and at
some plants rise of upflow sludge blanket were observed due to problems regarding
opeation.

There are many problems observed regarding the problems in filtration step. First,
backwash frequency is not optimized considering the effluent turbidity levels, but only
according to the head losses. Second, minimization of loss of water and energy efficiency
during filtration are not emphasised. One of the main concerns of filtration, microbiological
removal in terms of Giardia, Cryptosporidium and viruses, are not analyzed at the inflow or
outflow of the filtration process. There are automated filtration systems at some plants,
however these automation systems are not used and filtration and backwash are done
manually. Moreover, at many of the plants, the sand employed in filtration systems has
never been changed and in use for over 25 years, causing many problems including
microbiological odor. Sometimes backwash is done without using blowers, or the plant do
not have any blowers for this job at all. At many of the water treatment plants,
wastebackwash water is recycled within the treatment plant (i.e. by directing the flow to the
beginning of the treatment plant) which causes the increase in microbiological pollutants.

Moreover, contact time parameter should be taken into consideration when
disinfection is done. Disinfection activity should be monitored at plants which do not have
a contact tank. Chlorine need of raw water at different temperatures should be determined
and dosage should be done considering residual chlorine concentrations. Excess dosing
should be avoided. pH during disinfection should be monitored as forms of HOCI and OCI
have different chemical features. Pre-chlorination and FeCl; dosages should be optimized
according to water chemistry and arsenic concentrations in water.

Disinfection by-products should be taken into consideration while designing the
drinking water treatment plants. Total organic carbon concentrations should be the primary
concern while designing chlorination and applying disinfection. Dosage should not be done
only according to the microbiological parameters, but also total organic carbon. Chlorine
management should be done together with disinfection by-product formation potential.

UV disinfection, ozonation, advanced oxidation or membrane processes should be
considered instead of chlorination, where there is high pathogenic potential in raw water
resources. If UV disinfection is selected, turbidity should be monitored to have high
removal rates. Where ozonation is applied, gas phase ozone measurement should be
included in design of off-gas line. Air space in ozone contact tank should be designed
considering minimization of off-gas escape. Also, the liquid phase ozone analyzers should
be place at the effluent of contact tank.

It was also observed that the treated water storage tanks were not cleaned frequently,
causing water quality deterioration after treatment. Some of these tanks lack an appropriate
entrance so that it can be cleaned. At some, there is no online chlorine measurement
system, so the residual chlorine concentration is not known.
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All these problems observed at the treatment plants cause treated water quality to
deteriorate and supply of unhealthy drinking water for public use. Out of 193 drinking
water treatment plants site-visited, 124 need structural revisions to be able to treat water
sufficiently prior to supply. 13 of these plants require a revision at their water intake
structures, while 30 of those need a revision at their aeration steps. Conventional treatment
units should be revised at 57 drinking water treatment plants. Finally, 84 of those plants
site-visited need to have an activated carbon filtration system to be able to treat
micropollutants, which possibly will be a concern in the near future as awareness has been
raising about these chemicals, harmful for humans at very low concentrations.

Operational refinements at 29 of site-visited drinking water treatment plants will be
sufficient enough to meet the drinking water standards. However, 37 plants should be taken
out of operation, demolished, and constructed again, as the problems observed at these
plants cannot be solved through minor revisions. Revision needs of drinking water
treatment plants are summarized in Table 3.

Table 3
Revision Needs in Site-Visited Drinking Water Treatment Plants

Revision need Count
Structural revision 124
Water intake structure 13
Aeration unit 30
Conventional treatment units 57
Activated carbon unit addition 84
Reconstruction 37
Operational revision 20
Conclusions

The study undertaken has shown that there are 489 drinking water treatment plants.
Among these, 397 are in operation while the other 92 are out of operation. 158 of those in
operation are large scale plants, while the rest are small plants. All the large scale plants in
operation are site-visited, while 35 out of the small ones are also included in the work.

This work has revealed the problems observed at especially large scale drinking
water treatment plants in Turkey. The quality of surface water resources are regulated by
Ministry of Agriculture and Forestry with By-law on quality of surface water to be
obtained or planned to be obtained as drinking water (2012), which is under development
to include the groundwater resources as well. While these changes are being made, there is
high potential that the micropollutants will be included in the standards with limits, as
these chemicals are very harmful to human health at very low concentrations. If the
regulation on water resources is changed and includes the micropollutants, most of the
drinking water treatment plants in Turkey will not be able to treat these chemicals, as many
of the existing drinking water treatment plants are constructed as conventional treatment
systems, while advanced treatment techniques need to be used for micropollutant removal.
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Moreover, the existing drinking water treatment plants need some revisions to be able
to meet the current drinking water standards. During site-visits undertaken within this
work, it was observed that many of the plants are in need of structural changes, while some
other plants need to have operational changes to supply healthy drinking water to the
consumers.
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Extended Turkish Abstract
(Genisletilmis Tiirkce Ozet)

Tiirkiye’deki igme Suyu Aritma Tesisleri Envanteri ve Revizyon ihtiyaclarinin Belirlenmesi

Diinyada 1.1 milyar insanin temiz su kaynaklarina erigimi bulunmamaktadir. Giinlimiizde suyun
miktar1 kadar kalitesinin de 6nem tasidigi anlasilmistir. Hem insan eli ile yapilan faaliyetler hem de dogal
dongiiler sonucunda temiz su kaynaklarimin kirliliginde artis gdzlenmektedir. Dolayist ile insanlarin su
kaynaklarma erisimi de giin gegtikge kisitlanmaktadir.

Bu sebeple gegtigimiz yiizyilda igme suyu aritimi 6nem kazanmaya baslamistir. Tiim igme suyu
aritma tekniklerinin temel amaci, su i¢inde bulunan patojenlerin ve kimyasal kirleticilerin gideriminin en
elverisli ve en ucuz sekilde saglanmasidir. Yeriistii igme suyu kaynaklarindan su saglayan tipik bir igme suyu
aritma tesisinde 1zgara, havalandirma, koagiilasyon, flokiilasyon, son ¢okeltim, filtrasyon, sertlik giderimi ve
dezenfeksiyon adimlar1 bulunmaktadir.

Yapilan envanter calismasinda Tiirkiye genelinde yeriistli su kaynaklarindan su temin eden toplam
489 igme suyu aritma tesisi tespit edilmistir. Bu tesislerin her biri i¢in tesis kimlik kartlar1 olusturulmustur.
Tesislerden 92’sinin mevcut durumda calistirllmamakta oldugu belirlenmistir. 489 tesisten 229’unun biiyiik
kapasiteli tesisler oldugu ve bunlardan 158’sinin mevcut durumda isletilmekte oldugu goriilmiistiir. Kalan 260
igme suyu aritma tesisi kii¢iik kapasiteli olup bunlarin 239°u calistirilmaktadir. Biiylik kapasiteli ve isletmede
olan tiim tesislere ve segilen 35 kiiciik kapasiteli tesise saha ziyareti diizenlenmistir.

Saha ziyaretleri sirasinda tesislerin durumlari incelenmis, tesislerde yasanan problemlerle ilgili tesis
operatorlerinden bilgi alinmuistir. Saha ziyaretleri sonrasinda tesislerdeki isletme ve yapisal sorunlara
odaklanan saha ziyaret raporlar1 diizenlenmistir. Ziyaret edilen 193 tesiste yapilan gézlemlerde hem isletmede
yapilabilecek iyilestirmeler hem de yapilarin iyilestirilmesi ile ilgili notlar alinmistir. Gozlemlere gore,
Tiirkiye’de igme suyu aritma tesislerinde hem yapisal, hem de isletme odakli dikkate alinmas1 gereken birgok
husus bulunmaktadir.

Yapilan incelemeler sonucunda olusturulan tesis kimlik kartlar1 ve saha ziyaret raporlarinin tamami,
olusturulan Cografi Bilgi Sistemi (CBS) tabanli igme Suyu Bilgi Sistemi (ISBiS)’ne yiiklenmistir. Tesis
kimlik kartlarindaki bilgileri girdi olarak kullanan ISBIS, kisi basina su tiiketimi, kisi basmna su {iretimi,
giinliik su iiretiminin yillik iretime orani, niifusa gore aritma tesisi sayilari, su kaynaginin kullanilabilir su
kapasitesi, su kaynagi kapasitesinin su {iretimine orani ve iiretim miktarina gore tesis sayist olmak tizere yedi
farkli rapor iiretebilmektedir. Tiim veri harita olarak erisilebilir olup tim yeriistii su kaynaklar ve tesisler
koordinatlar1 ile gosterilmektedir.

Bunlardan ilki su saglanan su alma yapilarinin igme suyu temini maksadiyla yapilandiriimamis
olmasidir. Igme suyu temin edilen bazi kaynaklar, aslinda tarimsal sulama maksadiyla yapilmis, ancak artan
su talebini karsilamak iizere sonradan igme suyu teminine baslamistir. Bu sebeple su alma yapilar1 tek seviye-
den su alacak sekilde yapilandirilmis olup degisken seviyelerden su alimina miisaade etmemektedir. Bununla
ilgili olarak mevcut su alma yapilarinin yiizer tipte su alma yapilari ile degistirilmesi gerektigi belirlenmistir.

fgme suyu aritma tesislerinin proses segimleri kaynaktaki su kalitesi gbz 6niinde bulundurulmadan
yapilmistir. Bunun temel sebebi igme suyu kaynaklarinda su kalitesi izleme g¢alismalariin ¢ok simirl
olmasidir. Bir tesisin projesinin en az 5 yillik siirekli izleme sonuglarina dayanilarak yapilmasi gerekmektedir.
Veri eksikligi sebebi ile igme suyu aritma tesisindeki proses se¢imi, ¢ikista ihtiyag duyulan su kalitesinin
saglanmasi icin yetersiz kalabilmektedir.
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Saha ziyaretleri sirasinda goézlenen bir diger durum ise suyun tesis igindeki bagimsiz hatlara esit
debilerde dagitilamamasidir. Tesis i¢inde meydana gelen ¢okmeler bu soruna yol acabildigi gibi, tesisin
ingaat1 sirasinda gerceklesen aksakliklarin da bu tip problemlere sebep oldugu tespit edilmistir. Tesis
operatdrleri genellikle bunun yol agtig1 sorunlarin farkinda degildir. Bu sebeple her iki hattta giren debiler
farkli olmasma ragmen dozlanan kimyasallar ve diger isletme kosullarinin iki hatta ayni olmasi, iki ayr1
hattan ¢ikan suyun kalitelerinin farkli olmasina yol agmaktadir.

Kimyasal dozlamalari mevcut durumda herhangi bir bilimsel metot kullanilarak yapilmamakta olup
tesislerin tamaminda Jar-test yapilmasi onerilmektedir. Dozlanan kimyasallarin dozaj ayarmnin tesise gelen su
kalitesine gore ayarlanmasi, su aritimi agisindan biiylik 6nem teskil etmektedir. Dozajlarin manuel olarak
degil, pompalarla yapilmasi 6nem tasimaktadir.

Dezenfeksiyon uygulamalart genellikle klorlama ile yapilmakta olup klor dozaji tesise gelen suda
bulunan organik madde konsantrasyonuna gore ayarlanmamaktadir. Bu da dezenfeksiyon sirasinda
dezenfeksiyon yan firlinlerinin olusumuna sebep olup halk sagligi agisindan tehlike arz etmektedir.
Dezenfeksiyon yan {iriinleri olustuktan sonra giderimleri i¢in ileri teknikler gerekmekte olup bu yan iiriinlerin
olusumunun engellenmesi en iyi ¢dziimdiir. Bu sebeple klorla dezenfeksiyon yapilan durumlarda, dozlanan
klor konsantrasyonunun dogru sekilde ayarlanmasi biiyiik 6nem tagimaktadir.

Tesisler, mikrokirletici giderimi yapabilecek proses konfiglirasyonuna sahip degildir.
Mikrokirleticilerle ilgili farkindalik son yillarda artmis olup, kiigiik konsantrasyonlarda bile insan sagligina
zararl olan bu kimyasallarin mevzuatlara dahil edilmesi s6z konusu olacaktir. Mikrokirletici giderimi
konvansiyonel sistemlerle saglanamamakta olup iyi giderim verimlerinin elde edilebilmesi i¢in ileri aritma
tekniklerinin uygulanmasi gerekmektedir. Mevzuatlarda mikrokirleticilere yer verildigi takdirde tesislerin
bir¢ogunun uygun aritma gergeklestirebilecek proses se¢cimi bulunmamaktadir. Bu sebeple 6zellikle su temin
ettigi yeriisti su kaynaklarinda mikrokirletici tespit edilen birgok tesiste aktif karbon filtrasyonu yapilmasi
onerilmistir.

Sonug olarak 29 tesisin isletme kosullarinda iyilestirme yapilarak standartlara uygun su
aritilabilecegi belirlenmistir. 37 tesisin ise bilyiikk revizyon ihtiyaglar1 tespit edilmis olup bu tesislerin
yenisinin yapilmasi onerilmistir.
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Abstract

Arctic Oscillation and North Atlantic Oscillation are the two types of the teleconnections which have an
influence area particularly at Northern Hemisphere (Russia, Canada, China, United States of America, India,
Kazakhstan, Algeria, Saudi Arabia, Mexico and Sudan). To reveal the relation between Arctic Oscillation,
North Atlantic Oscillation and temperature, precipitation regime of Eastern and Northern parts of Marmara in
Turkey, correlation coefficients were calculated. With our study it was obtained that temperature values under
the impact of Arctic Oscillation (-), North Atlantic Oscillation (-) were generally higher than the values under
the effect of Arctic Oscillation (+), North Atlantic Oscillation (+). However, it was seemed that the
relationship between precipitation data and the phases of atmospheric indices were more complicated. As a
result, this study proved that the influence of atmospheric teleconnections on the hydro-meteorological
parameters is necessary for the effective management and prediction of water resources.

Keywords:  Arctic Oscillation, North Atlantic Oscillation, Marmara region, precipitation,
temperature

Oz

Arktik Salimim ve Kuzey Atlantik Salinimi 6zellikle Kuzey Yarimkiire’de (Rusya, Kanada, Amerika Birlesik
Devletleri, Hindistan, Kazakistan, Cezayir, Suudi Arabistan, Meksika ve Sudan) etki alanina sahip olan tele
baglantilardan iki tanesidir. Arktik Salinim, Kuzey Atlantik Salinimi ve Tiirkiye nin Dogu ve Kuzey Marmara
kesiminde sicaklik, yagis rejimi arasindaki iliskiyi ortaya koymak i¢in korelasyon katsayilar1 hesaplanmuistir.
Caligmamizda Arktik Salinim (-), Kuzey Atlantik Salinimi (-) etkisi altindaki sicaklik degerlerinin Arktik
Salinim (+),Kuzey Atlantik Salimimi (+) etkisi altindaki sicaklik degerlerinden genel olarak daha yiiksek
oldugu elde edilmistir. Ancak, yagis verisi ve atmosferik indislerin fazlar1 arasindaki iligkinin daha karmagik
oldugu goriilmektedir. Sonug¢ olarak, bu g¢aligma atmosferik indislerin hidrometeorolojik parametreler
iizerindeki etkisinin su kaynaklarinin yonetimi ve tahmini igin gerekli oldugunu ortaya koymustur.

Anahtar kelimeler: Arktik Salinim, Kuzey Atlantik Salinimi, Marmara bélgesi, yagis, sicaklik

Introduction

The impacts of atmospheric events on hydrological cycle are very significant with
regard to water resources management and hydrological cycle. In this regard, the influence
of atmospheric teleconnections on hydrometeorological variables such as rainfall,
temperature or streamflow which need be taken into consideration for design of water
structures like dams or prevention of flood or drought risks, is revealed in many studies
(Rodo et al, 1997; Givati and Rosenfeld, 2013). All these studies show that atmospheric
teleconnections have different effects on hydrometeorological variables with reference to
hydrological cycle. Accordingly, the research on Southern Oscillation (SO) and North
Atlantic Oscillation (NAO) that are well-recognized atmospheric indices have become
widespread not only around the world but also in Turkey (Kahya and Karabork, 2001;
Bronnimann, 2007; Turkes and Erlat, 2009).
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In this respect, it is indicated that SO and NAO have various impacts on
hydrometeorological variables (eg: decreasing of precipitation, temperature rise) in
different parts of the world. Rodo et al. (1997) scrutinize the effects of El Nifio Southern
Oscillation (ENSO) and NAO on the precipitation regime of Southern Europe. They reveal
that ENSO and NAO affect the climate characteristics of different regions of Iberian
Peninsula. Kadioglu et al. (1999) investigate the linkage between precipitation and El Nifio
events in Turkey and they find out that the precipitation pattern of southern Turkey is
associated with ENSO. Cullen et al (2002) investigate the relationship between NAO and
streamflow data in Tigris-Europhates, Jordan-Yarmouk and Ceyhan rivers. They state that
NAO could be influential on the streamflow regime for the winter-spring (DJFM) period.
Turkes and Erlat (2003) analyze the relationship between NAO and precipitation regime
throughout Turkey. They emphasize that the amount of precipitation during the negative
phase of NAO is higher than the precipitation amount during positive phase of NAO. They
also point out that the most remarkable link between the NAO and Turkey precipitation
data are obtained in winter season in comparison with other seasons. Karabork et al. (2005)
research the connections between the NAO/SO indices and climate parameters in Turkey.
They state that minimum temperature values are associated with ENSO, whereas NAO has
influences on either winter precipitation or winter streamflow pattern. They also add that
precipitation and streamflow pattern could be associated with the NAO effect according to
lag correlation analysis. Karabork and Kahya (2009) investigate the influence of SO and
Multivariate ENSO Index (MEI) on temperature, precipitation and streamflow data in
Turkey. They find that precipitation and streamflow data have significant correlations with
SO and METI especially in western Turkey. Kucuk et al. (2009) examine whether NAO
affects the water levels of lakes in Turkey or not. They ascertain that NAO has a significant
relation with the water levels of Lakes Tuz, Sapanca and Uluabat. Chowdhury and
Beecham (2010) study upon the rainfall trends in some locations of Australia and they
determine that some of the rainfall trends are connected with the SO index. Burt and
Howden (2013) analyze the relationship between the NAO and precipitation/streamflow
pattern of upland areas in Britain. They indicate that precipitation regime of upland areas
has significant positive correlation with the NAO index particularly in autumn, winter and
spring seasons. Furthermore, they also state that in case NAO (+) is influential, flow
regime tends to be higher, while even drought conditions occur under the influence of
NAO (-). Likewise, impacts of Arctic Oscillation (AO) on climate parameters have been
also investigated in recent years (Wang et al., 2005; Tremblay et al., 2011; Wang et al.,
2013). Thompson and Wallace (1998) ascertain that although NAO and AO indices are
similar to each other, AO is influential on larger part of the Northern Hemisphere as
compared with NAO. Turkes and Erlat (2008) investigate the influences of AO on the
winter temperature throughout Turkey, and they find the negative correlations between AO
index and temperature data during the winter season. Givati and Rosenfeld (2013) research
the linkage between the AO and precipitation regime of Eastern Mediterranean basin. They
determine that when the AO index rises, the winter precipitation decreases in some parts of
Eastern Mediterranean basin.
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The main objective of this paper is to determine the possible correlation between AO
-NAO and temperature, precipitation data of Eastern and Northern Marmara in Turkey. For
this purpose, Pearson correlation coefficients are calculated and used to quantify a
relationship between atmospheric indices and aforementioned climate variables. Then,
results of correlation analysis are assessed via Student t-test at the significance level of
0=0.10, 0=0.05 and 0=0.01. Furthermore, the temperature and precipitation differences
which are based on the negative and positive phases of NAO and AO are addressed.
Consequently, the effects of NAO and AO on the temperature and precipitation regime are
determined.

Method
Study Area

The relationship between AO, NAO as atmospheric indices and temperature, precipitation
data as climate variables were investigated both seasonally and annually in Eastern and
Northern Marmara. Temperature and precipitation data in this study were obtained from
seven stations of the Turkish State Meteorological Service. Location of the stations used in
this study is shown in Figure 1. The stations were selected based on the availability of
recorded data for approximately 50 years. The date range for each station is indicated in
Table 1.

Figure 1. Stations throughout Marmara region.
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Table 1
Date Range for Temperature and Precipitation Data
Date Range
Location of Temperature Precipitation
Stations
Edirne 1960-2015 1960-2015
Kirklareli 1963-2015 1963-2015
Kadikéy Rihtim 1960-2015 1960-2015
Kocaeli 1961-2015 1961-2015
Yalova 1960-2015 1960-2015
Bursa 1960-2015 1960-2015
Bilecik 1960-2015 1960-2015

The statistical data concerning the temperature and precipitation for winter
(December, January, February), spring (March, April, May), summer (June, July, August)
and autumn (September, October, November) seasons were given in Tables 2 and 3. In
addition, NAO data was obtained via North Atlantic Oscillation Index (2018) and AO data
was acquired by means of Arctic Oscillation Index (2018).

Table 2
Statistical Data of Mean Temperature for Each Station
Winter Spring Summer Autumn Annual
Stations Mean Mean Mean . Mean . Mean )
Temp. “C) Temp <) Temp. “C) Temp. “C) Temp. “C)
C) %] ¢ %] ey
Edirne 39 12 13 1.1 239 1.1 14 4 1.0 138 0.7
Euklareli 4.0 1.2 12.1 1.1 2209 1.0 14.0 1.0 13.3 0.7
Kadikow Rih 6.8 1.1 123 12 231 11 159 1.0 146 0.8
Eocaeli 71 12 131 1.1 231 09 16.1 1.01 149 0.7
Yalova 7.3 1.1 12.6 1.1 2209 1.0 1598 [IR=] 14.7 0.7
Bursa 6.3 13 130 1.1 237 1.0 154 0o 146 0.7
Bilecik 3.6 1.5 11.5 1.1 21.4 1.0 138 1.1 12.6 0.8
Note. Std. Dev.= Standard Deviation.
Table 3
Statistical Data of Precipitation for Each Station
Winter Spring Summer Autumn Annual
_ Mean Mea Mean Mean Mean
Stations o S5tdDeu Std.Dex. Std.Dev. Std.Dex.
Prep. Prep. Prep. Prep.
(mm) Prep. (mm) (mm) (mm) {mm)
(mm) () (mm) (mm) (mm)
Edirne 186.5 82.8 1521 51.5 100.6 49.6 1594 69 8 5085 131.1
Kuklareli 180.7 g2 1411 482 4.7 485 1339 654 5704 1346
Eadikdy Rih 257.6 858 1385 509 744 47.0 1937 64.6 6652 1256
Kocaeli 274.4 759 1727 537 133.7 78.0 2278 81.0 BO0B.6 131.9
Yalova 2774 250 161.5 50.0 889 56.7 21981 840 7469 1435
Bursa 267.0 87.1 181.8 571 68.1 378 1903 71.1 7073 1383
Bilecik 1463 519 1375 453 69.6 38.6 1048 455 4582 26.1
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Sezen (2018) implemented five homogeneity tests, namely Standard Normal
Homogeneity Test (SNHT), Buishand Range Test, Pettitt Test, Von Neumann Ratio Test
and lastly Kruskal-Wallis Test, to investigate the homogeneity of temperature and
precipitation data. It was shown that Hy hypothesis [it assumes that the distribution of
variables is identical and also they are independent (Wijngaard, 2003)] was rejected by all
homogeneity tests in almost all stations (Edirne, Kirklareli, Kadikdy Rih., Kocaeli, Yalova
and Bilecik) except Bursa for the temperature data. Inhomogeneity in temperature data
could be related with different factors such as spatially increasing or decreasing trends,
urbanization and displacement of stations (Turkes et al, 2002; Sahin and Cigizoglu, 2010).
On the other hand, H, hypothesis was accepted by all homogeneity tests in all stations for
the precipitation data. The trend analysis was not carried out in this study because it
requires a more comprehensive research which exceeds the scope of this study.

Correlation Analysis
Correlation coefficients are calculated so as to reveal the statistical relation between
the variables. High correlations could give a clue about the important relationship between

the variables (Bayazit and Oguz, 2005). In this respect, Pearson correlation coefficients
between atmospheric indices and climate variables were calculated described as follows:

EE I

where x; stands for the annual or seasonal climate variable belongs to i.th year, * for the
mean of climate variable, y; for annual or seasonal NAO or AO index pertains to i.th year,

¥ for the mean of NAO or AO index, N for the data length, s, and s, for the standard
deviations of climate variable and NAO or AO index, respectively (Sezen and Partal, 2017)
The statistical importance of correlation coefficients was evaluated by using Student t test
at the significance level of 0=0.10, a=0.05 and a=0.01. The ¢ statistics is calculated as
follows:

= @)

where 7 represents the correlation coefficient and N denotes the data length. For
example, correlation boundary value is 7>0.34 at 0=0.01, 0.26<r<0.34 and a=0.05 and
0.22<r<0.26 0=0.10 if the data length is N=56 years.
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The Phases of Atmospheric Teleconnections

In addition to correlation analysis, temperature and precipitation differences which
derive from the negative and positive phases were calculated as seasonal and annual. This
approach is significant in terms of observing the effects of positive and negative phases of
NAO and AO. As for the physical phenomena of NAO, Turkes and Erlat (2009) stated that
colder weather conditions are dominant over the greater part of Turkey under the effect of
the positive phase of NAO. This weather pattern arises from the northeasterly circulation
which is based on the low geopotential heights over Iceland low region and high
geopotential heights over the Azores high region (Turkes and Erlat, 2009). While the
southeasterly circulations lead to warmer weather conditions under the effect of negative
phase of NAO throughout Turkey. As for the negative phase of AO circulations 500 hPa
height anomalies is high over Northern Africa, Middle East and low over North
Atlantic-Europe region, it leads to warmer weather conditions due to warm air movement
into Turkey (Turkes and Erlat, 2008). On the other hand, positive phase of AO causes the
movement of cold air into Balkans and Turkey because of the northerly circulations
(Turkes and Erlat, 2008). In this study, if NAO (AO) index has a value that is greater than
or equal to 0.5, it is accepted as NAO (+) [AO (+)]. On the other hand, if NAO (AO) index
has a value which is less than or equal to -0.5, it is accepted as NAO (-) [AO (-)]. It is also
shown in Table 4. Accordingly, the number of NAO (-) case is 15 for winter; 7 for spring;
15 for summer; 14 for the autumn season for the period of 1960-2015. In addition, the
number of NAO (+) case is 17 for winter; 14 for spring; 8 for summer; 11 for the autumn
season for the period of 1960-2015. As to the number of AO (-) for the period of
1960-2015, it is 23 for winter; 13 for spring; 6 for summer; 12 for the autumn season.
Furthermore, the number of AO (+) case is 14 for winter; 15 for spring; 3 for summer; 10
for the autumn season.

Table 4
The Phases of Atmospheric Indices

Atmospheric Indice Range Depiction of Atmospheric Indice Phase
NAQ=0.5 NAO (+)
NAO<-0.5 NAO (-)
AO=0.5 AOQ ()
AO<0.5 AO ()
Results

The Results of Correlation Analysis

The correlations between the NAO and annual and seasonal temperature data are
mostly negative. This points out that when NAO index tends to rise, the temperature is
inclined to decrease. Besides, as it can be seen in Table 5, the most significant correlations
between the NAO and temperature data were obtained in summer season in comparison to
other seasons. The summer temperature data of all stations had a negative correlation with
NAO index at the significance level of 0=0.01. In addition, in the winter season, the
significant correlation coefficients were observed in eastern Marmara. This was compatible
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with the findings of Turkes and Erlat (2009). They also found significant correlations in the
eastern and southern Marmara region during the winter season. Similarly, in the spring
season the most remarkable correlations were acquired in eastern Marmara, whereas in
autumn the season correlations coefficients were not significant at 0=0.10, a=0.05 or
0=0.01. As annual, there were significant negative correlations, calculated only for Kocaeli
and Bilecik stations at 0=0.10 and a=0.05, respectively. As to the linkage between the
NAO index and precipitation totals, it was seen that substantial negative correlations were
obtained in the autumn season and as annual, especially. As indicated in Table 5, annual
precipitation data of most stations were correlated with the NAO index at 0=0.10, a=0.05
or a=0.01.

Table 5
Correlations between NAO and Temperature, Precipitation Data

Temperature (°C) Precipitation (mm)
Stations

Amual  Winter Spring  Summer  Aufumn Annyal Winter  Spring  Summer  Aufumn

Edime -0,16 0,06 022 046" 0,14 -0.33" 024 0,07 0.08 0,10

Kirklareli 0,12 0,06 0,18 0,39 0,12 -0.327 0317 012 0,00 0,15

Kadikdy Rih. -0,14 -0.01 0,18 -0.40% 0,10 027 -0.15 -0.12 0.03 0,15
Kocaeli 024 023 030" 045 0,12 -0.14 014 022 0.19 035"
Bilecik 0,26 024" 028" 040" -0,18 -0,22° -0.21 -0.10 0,03 -0,31"
Bursa -0,18 031" 025 -039™ 0,14 -0.35" -0.20 -0.11 0.13 -0,20"
Yalova 0,12 018 024 034 0,21 0,407 0317 0,26 0.11 0,337

Note. “stands for the significance level at a=0.10, ~stands for the significance level at a=0.05,"" stands for
the significance level at a=0.01.

Furthermore, the significant correlations were calculated between the autumn
precipitation data and NAO index. On the other hand, in other seasons the number of
stations which have significant correlation with NAO is low, even in the summer season
there were not observed any remarkable linkage between NAO and precipitation data.

As it can be realized from Table 6, in the winter season correlations between the AO
and temperature data are high, particularly in the eastern part of Marmara region.
Furthermore, considerable correlations were also observed between the autumn temperature
and AO at 0=0.10 or a=0.05.
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Table 6
Correlations between AO and Temperature, Precipitation Data
Temperature (°C) Precipitation (mm)
Stations
Annual ~ Winter  Spring  Summer  Autumn Annual Winter ~ Spring  Summer  Autumn
Edime -0,05 -0,.23* 0,14 -0,18 -0,22° -0,30% -0,50% -0.14 -0,07 -0,21
Kirklareli 0,03 0,26 0,12 0,12 021 032" 052 022 0,03 026"
Kadikoy Rih. 0,01 -0,34% 0,05 -0,10 -0,17 -0,257 -0.22* -0.17 -0,01 -0,06
Kocaeli -0.17 -0,53 -0,11 -0.15 -0,25° -0,02 -0.21 -0.16 0,02 -0,03
Bilecik -0,19 -0,51" -0,05 -0,11 -0,32% -0,16 -0.31™ -0,06 -0,09 -0,16
Bursa -0.17 -0,60" -0,04 -0,09 -0,23° -0,19 -0,34" -0,06 0.12 -0,20
Yalova -0,05 -0,51 -0,05 -0,05 -0,30™ -0,22° 037" 024" 0.24* -0,08

Note. "stands for the significance level at a=0.10, “stands for the significance level at a=0.05, """ stands for
the significance level at a=0.01.

On the other hand, in other seasons the relationship between the AO and temperature
data was weak statistically. Similarly, there were not any strong correlations between
annual temperature and AO. In the greater part of the region, the precipitation had strong
negative correlations with the AO. However, the correlations between AO and
precipitation data were not statistically strong in other seasons. As for the connection
between AO and annual precipitation, there were substantial correlations in northwestern
Marmara.

The Temperature and Precipitation Differences Based on Phases of Atmospheric
Indices

The temperature differences which are based on the NAO (-) and NAO (+) are
shown in Table 7. According to Table 7, the temperature values under the impact of NAO
(-) are higher than the temperature values under the effect of NAO (+), generally.
Moreover, the most significant temperature differences were obtained in the summer and
spring seasons as compared with the other seasons. Annual temperature differences also
were between 0.5 °C and 1 °C as seen in Table 7.

Table 7
Temperature Differences Based on NAO (-) and NAO (+)

Temperature (°C)

Stations Annual Winter Spring Summer Avutumn
NAO  NAO Dif NAO NAO Dif NAO NAO Dit NAO NAO Dif NAO NAO Dif
(@] ) (@] ) (@] (e Q] e () (e
Edirne 143 138 05 39 40 01 14 13 1 247 236 11 144 141 03
Kirklareli 138 133 05 39 41 02 131 122 09 235 227 08 14 137 03

Kadikdy Rih. 152 14.4 0.8 6.9 6.9 0 133 12.4 09 239 1229 1 159 157 02

Kocaeli 155 14.6 09 7.6 7 0.6 141 129 1.2 237 227 1 16.1 15.8 0.3
Bilecik 133 123 1 4.1 35 0.6 126 114 12 222 209 13 13.9 133 0.6
Bursa 151 144 0.7 6.9 6.2 0.7 14.0 13.0 1 243 233 1 155 151 04
Yalova 153 14.6 0.7 7.6 73 03 135 126 0.9 235 22.6 0.9 16 15.6 0.4
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When the relationship between the precipitation regime and NAO (-), NAO (+) was
taken into consideration, the annual precipitation differences were significant, in particular.
Besides, according Table 8 there are also significant precipitation differences in the winter
and autumn seasons, while in the spring and summer seasons precipitation differences are
less relatively.

Table 8
Precipitation Differences Based on NAO (-) and NAO (+)

Precipitation (mm)

Stations Annual Winter Spring Summer Autumn
NAO NAO Dif NAO NAO Dif NAO NAO Dif NAO NAO Dif NAO NAO Dif
) (&) 9] (&) ] ) ) ) O] (&)
Edimne 764 508 256 216 178 38 124 131 -7 92 102 -10 172 146 26
Kirklareli 667 445 222 221 167 54 121 112 9 91 20 -8 176 133 43

Kadikdy Rih. 759 620 139 282 246 36 131 119 12 73 60 13 208 167 41

Kocaeli 958 794 164 282 271 11 187 152 35 123 147 -24 284 203 81
Bilecik 605 478 127 156 134 22 146 126 20 70 75 -5 125 87 38
Bursa 1015 628 387 280 255 34 173 162 11 65 74 9 225 172 53
Yalova 1081 688 393 3 256 55 160 135 25 84 01 -7 272 102 80

As inferred from Table 9, in comparison with the NAO, the most remarkable
temperature differences between AO (-) and AO (+) were calculated in winter especially in
eastern Marmara. In similar to the winter season, in the autumn season there are also
remarkable differences in eastern Marmara. On the other hand, the temperature differences
are not quite high in the spring season and as annual. In the summer season, temperature
values of some stations seem to be influenced by AO (-) and AO (+).

Table 9
Temperature Differences based on AO (-) and AO (+)

Temperature (°C)

Stations Annual Winter Spring Summer Autumn
A0 AO Dif A0 AO Dif A0 AO Dif A0 AO Dif A0 AO Dif
0« 0 ¢ 0 ¢ 0 )] 0 ¢
Edime 40 141  -01 40 is 05 130 132 02 240 230 10 148 141 07
Kurklareli 134 137 03 41 EX} 0.5 121 123 02 231 224 07 144 13R 06

Kadikdy Rih. 14.6 15.0 0.4 7.0 6.4 0.6 123 12.5 -0.2 231 227 0.4 16.3 158 0.3

Kocaeli 152 151 0.1 7.6 6.4 12 134 13 04 233 226 0.7 16.5 158 0.7
Bilecik 12.8 12.8 0 42 26 1.6 11.6 115 0.1 214 209 0.5 143 133 1.0
Bursa 148 14.9 0.1 7.0 33 17 13.1 13 0.1 237 234 0.3 158 152 0.6
Yalova 14.8 15 -02 77 6.7 1.0 12.6 12.6 0 228 226 0.2 16.3 15.6 0.7
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In Table 10, precipitation differences that are depending upon the AO (-) and AO (+)
were demonstrated. In this regard, significant annual precipitation differences were
observed in northwestern Marmara. It can be noticed that the annual precipitation under the
effect of AO (-) is less than the annual precipitation values under the impact of AO (+)
particularly in eastern Marmara. As for the winter season, there were remarkable
precipitation differences between the AO (-) and AO (+) in the greater part of the region.
The other point was that the quantity of summer precipitation under the influence of AO (-)
was less than the amount of the precipitation under the effect of AO (+). In other seasons,
the precipitation values which were based on AO (-) and AO (-) were close to each other in
the majority of region.

Table 10
Precipitation Differences Based on AO (-) and AO (+)
Precipitation (mm)
Stations Annnal Winter. Spring Summer Antumn
A0 A0 . A0 A0 . A0 A0 . A0 A0 . 40 40
) 6] i (@] ) ) (6] ) (0] @] )
Edime 638 570 50 219 146 73 147 146 1 116 12 -6 176 16 13
Kuklareli 638 503 135 217 130 78 130 121 18 94 114 20 176 14 32

Kadikoy Rth. 678 590 88 274 219 35 137 123 14 65 63 2 184 168 16

Kocaeli 758 797 -39 286 258 28 177 152 25 113 151 -38 218 239 -21
Bilecik 476 489 -13 163 136 27 134 123 11 62 88 -26 113 101 12
Bursa 725 761 -36 289 239 50 182 170 12 53 02 -37 221 189 32
Yalova 763 738 25 203 233 60 173 138 35 57 126 -69 230 206 24

Conclusion and Discussion
In this study, it is aimed to determine the relationship between temperature,
precipitation and NAO, AO in Eastern and Northern Marmara in Turkey.

In this context, the most significant linkage between the NAO and temperature was
observed in the summer season. On the other hand, for the relation between AO and
temperature regime, the remarkable results were obtained in the winter and partly autumn
seasons. This shows that if the AO index has an increasing trend, the winter temperature
values have a decreasing inclination. Especially, the results which were obtained for AO
and temperature regime are consistent with the results of Turkes and Erlat (2008). They
also found that AO index is negatively correlated with winter temperature. According to
Turkes and Erlat (2008), this could be related with the influences by AO (-) and AO (+)
which lead to westerly, southwesterly flows and northerly flows over Turkey, respectively.

Correlations between the NAO and summer temperature are significant compared
with the AO. Accordingly, further analysis should be carried out whether or not NAO
really affects the summer seasonal characteristics. Turkes and Erlat (2009) find the
negative correlations between NAO and temperature data in Eastern Marmara during the
winter season. In this study, significant negative relationship between NAO and winter
temperature were also obtained especially in Eastern Marmara. Accordingly, findings of
this study comply with the findings of study of Turkes and Erlat (2009). Correlation
analysis and precipitation differences indicate that NAO has a relationship with the annual
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and autumn precipitation particularly in Eastern Marmara. During the winter season,
significant correlations between NAO and precipitation were not observed in majority of
Eastern Marmara. This is compatible with the findings of study which was carried out by
Karabork et al (2005). They do not also find significant correlations between winter
precipitation and NAO particularly in northeastern Marmara. On the other hand, winter
precipitation and AO has a strong relationship in Marmara region when correlations and
precipitation differences are taken into account. In addition, significant annual precipitation
differences were also acquired especially in northwestern Marmara.

This study demonstrates that not only NAO but also AO could have a relationship
with the temperature and precipitation regime of Eastern and Northern Marmara. When
considered from this point of view, the role of atmospheric teleconnections could be
substantial on the hydrological cycle and water resources management. In other words,
atmospheric teleconnection can lead to decrease or increase in precipitation, temperature or
other hydrometeorological variables. Thus, the relationship between atmospheric
teleconnections and hydrometeorological variables should be taken into account for the
planning of water structures such as dams or weirs and taking measures against extreme
events like flood or drought. Further comprehensive studies need be carried out so as to
determine to what extent atmospheric indices could affect the hydrometeorological
variables and thereby water cycle in the nature.
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Extended Turkish Abstract
(Genisletilmis Tiirkce Ozet)

Arktik & Kuzey Atlantik Salinimlarimin Dogu ve Kuzey Marmara’nin Sicaklik ve Yagis Verileri
Uzerindeki Etkileri

Atmosferik olaylarin, hidrolojik dongii ve su kaynaklarinin planlanmasi {izerindeki etkilerinin
belirlenmesi biiyiik onem arz etmektedir. Atmosferik salmmimlar ile hidrometeorolojik degiskenlerin
arasindaki iliskiyi belirlemeye yonelik gergeklestirilen ¢alismalar da bu alanda yapilanlar arasinda yer
almaktadir. Buna gore, Kuzey Atlantik Salintmi (NAO) ve Arktik Salinim (AO) gibi kiiresel atmosferik
indislerin yagis, sicaklik ve akis gibi hidrolojik degiskenler iizerindeki etkilerinin ortaya ¢ikarilmasi su
kaynaklarimin yonetimi agisindan onemlidir. Bu amagla ¢alismamizda NAO, AO atmosferik indisleri ile
Tirkiye’'nin kuzeybatisinda yer alan Marmara Bolgesi’nin dogusu ve kuzeyinde sicaklik ve yagis rejimi
arasinda herhangi bir etkilesim olup olmadig: aragtirtlmistir.

Bu calismada, Marmara Bdlgesi’nde yer alan 7 istasyona (Edirne, Kirklareli, Kadikéy Rih, Kocaeli,
Yalova, Bursa ve Bilecik) ait sicaklik ve yagis verileri kullanilmigtir. S6z konusu veriler genel itibariyle 1960
-2015 donemini kapsamaktadir. Atmosferik indisler (NAO, AO) ve hidrometeorolojik parametreler
arasindaki iligki, kis (Aralik, Ocak, Subat), ilkbahar (Mart, Nisan, Mayis), yaz (Haziran, Temmuz, Agustos)
ve sonbahar (Eyliil, Ekim, Kasim) mevsimleri i¢in ve yillik olarak aragtirilmistir. Buna gore, ilk olarak AO,
NAO indisleri ile sicaklik ve yagis verileri arasindaki korelasyon katsayilart hesaplanmistir. Korelasyon
katsayilarinin istatistiksel olarak degerlendirilmesi ise Student t testine gore gergeklestirilmistir. Daha sonra,
AO ve NAO indislerinin negatif [AO (-), NAO (-)] ve pozitif [AO (+) ve NAO (+)] fazlar1 nedeniyle olusan
sicaklik ve yagis farklart hesaplanmustir.

NAO ile sicaklik verisi arasinda genel olarak negatif korelasyonlar elde edilmistir. Bu durum, NAO
indeksinin degerinin diismesi ile birlikte sicaklik degerinin arttigina isaret etmektedir. Bununla birlikte, NAO
ile sicaklik verisi arasinda en 6nemli korelasyonlar &zellikle yaz mevsiminde elde edilmistir. Kis ve ilkbahar
mevsimlerinde ise bolgenin dogusunda dnemli negatif korelasyonlar tespit edilmistir. NAO ile yagis verisi
arasinda ise birgok istasyonda yillik olarak 6nemli korelasyonlar goriilmiistiir. Bunun disinda, ozellikle
sonbahar mevsiminde bdlgenin dogusunda da 6nemli negatif korelasyonlar goriilmiistiir. AO ile kis sicaklik
verisi arasinda ise bilhassa Marmara Bdlgesi’nin dogusunda yiiksek negatif korelasyonlar gdzlenmistir.
Ayrica, sonbahar mevsiminde de AO ve sicaklik verisi arasinda istatistiksel olarak onemli bir iliski tespit
edilirken, diger mevsimlerde ise AO ile sicaklik arasindaki iliskinin daha az oldugu goriilmistir. AO ile
yagis arasinda da kis mevsiminde ve kismen yillik olarak 6nemli bir iligski oldugu elde edilmistir.

Korelasyon analizinin tamamlanmasinin ardindan, yillik ve mevsimsel sicaklik degerlerinin, NAO ve
AO indekslerinin negatif ve pozitif fazlarindan etkilenip etkilenmedigi arastirilmigtir. NAO (-), AO (-), NAO
(+), AO (+) etkisi altinda ortalama sicaklik ve toplam yagis degerleri hesaplanmistir. Buna bagli olarak,
mevsimsel ve yillik sicaklik, yagis farklar1 elde edilmistir. Ik olarak NAO indeksinin negatif ve pozitif
fazlarinin etkileri analiz edildiginde, genel itibariyle NAO (-) etkisi altindaki sicaklik degerlerinin, NAO (+)
etkisi altindaki sicaklik degerlerinden daha fazla oldugu goriilmistiir. Bununla birlikte, sicaklik farklarinin
bilhassa ilkbahar (0.9-1.2 °C) ve yaz (0.8-1.3 °C) mevsimlerinde diger mevsimlere nazaran daha fazla oldugu
tespit edilmistir. NAO indeksinin negatif ve pozitif fazlar1 ile yagis rejimi arasindaki iligki irdelendiginde ise,
yaz mevsimi haricinde diger mevsimlerde ve yillik olarak NAO (-) etkisi altindaki yagis miktarinin, NAO
(+) etkisi altindaki yagis miktarindan genellikle daha fazla oldugu goriilmiistiir. Buna gore, 6zellikle sonbahar
ve kis mevsimlerinde diger mevsimlere oranla yagis farklarinin daha fazla oldugu tespit edilmistir. Ayrica
yulik olarak da 6nemli yagis farklari hesaplanmistir. AO (-) ve AO (+) etkisi nedeniyle olusan sicaklik
farklar1 dzellikle kis mevsiminde (0.5-1.7 °C) daha fazla olup, sonbahar mevsiminde (0.5-1 °C) ve yaz
mevsiminde (0.2-1 °C) de sicaklik farklar1 elde edilmistir. ilkbahar mevsiminde ve yillik olarak ise dnemli
sicaklik farklari gozlenmemistir. AO indeksinin negatif ve pozitif fazi etkisiyle olusan yagis farklar
incelendiginde ise, AO (-) etkisi altinda yagis miktarinin kis, ilkbahar ve sonbahar mevsimlerinde AO (+)
etkisi altindaki yagis degerlerinden daha fazla oldugu goriilmiistir. NAO indeksine benzer sekilde, yaz
mevsiminde AO (+) etkisi altinda yagis miktarinin AO (-) etkisi altindaki yagis miktarindan fazla oldugu
tespit edilirken, ayni sekilde yillik olarak &zellikle Marmara Bolgesi’nin dogusunda AO (+) etkisi altindaki
yagis miktarinin, AO (-) etkisi altindaki yagis miktarindan daha fazla oldugu goriilmiistiir.
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Bu ¢alismada, NAO ve AO indeksleri ile Tiirkiye’nin Marmara Boélgesi’nin dogusunda ve kuzeyinde
sicaklik ve yagis verileri arasinda mevsimsel ve yillik olarak bir iliski olup olmadigi gosterilmeye
calistlmistir. Buna gore, sicaklik verisinin NAO indeksi ile etkilesiminin 6zellikle yaz mevsiminde, AO
indeksi ile ise kis mevsiminde kuvvetli oldugu ifade edilebilir. Bununla birlikte, sicaklik verisi ile atmosferik
indisler arasinda gerceklestirilen korelasyon analizi ve sicaklik fark analizi sonuglarinin genel olarak
birbirleriyle uyumlu oldugu soylenebilir. Yagis verisinin NAO indeksi ile iliskisinin kig, sonbahar
mevsimlerinde ve yillik olarak, AO indeksi ile iliskisinin ise bilhassa kis mevsiminde ve yillik olarak giiglii
oldugu gozlenmistir. Fakat yagis verisi ile atmosferik indisler arasinda gerceklestirilen analizler gdz oniine
alindiginda, aralarindaki iliskinin sicaklik verisine gore daha karmasik oldugu ifade edilebilir. Elde edilen
sonuglar, atmosferik indisler ile hidrometeorolojik degiskenler arasinda onemli bir iliski olabilecegini
gostermekte, bu durumun hidrolojik dongii, su kaynaklar1 planlamasi ve yonetimi agisindan 6nem arz ettigini
ortaya koymaktadir. Daha sonraki ¢aligmalarda atmosferik salinimlar ile hidrometeorolojik degiskenler
arasinda herhangi bir iliski olup olmadigini belirlemek amaciyla farkli analiz yontemleri arastirilacaktir.
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Abstract

In this study, drainage effluent water quality parameters of Muamli and Bedes drainage canals, to which there
are not any intrusion from other places, were monitored all year-long. Water samples were taken from 9
different locations of Muamli and Bedes canals in July and September. Soil samples were taken from paddy
fields irrigated with the effluents of these drainage canals after harvest. Water and soil samples were analyzed
for different quality parameters. Present findings revealed that water samples did not have any problems with
regard to residual sodium carbonate (RSC), sodium, sulphate and chlorine and can be used safely. For salinity
of water samples taken from Muamli1 drainage canal varied between 2.79-2.97 dS/m and the salinity values of
Bedes drainage canal varied between 1.01-4.95 dS/m. It was concluded that drainage canal effluents created
serious salinity problems and ultimately resulted in significant yield losses. To reduce the effect of salinity
problem caused by irrigation with drainage waters, it was recommended to apply extra water to leach salts
below the rootzone.
Keywords: Drainage channels, Bafra Plain, paddy, salinity

Oz

Bu calismada, Bafra ovasinda herhangi bir sekilde disaridan drenaj kanallarina su karisimi s6z konusu
olmayan Muamli ve Bedes drenaj kanallarindaki sularin kimyasal degerlerinin yil igerisindeki degisimleri
incelenmistir. Muamli ve Bedes kanallarinin 9 farkli noktasindan Temmuz ve Eyliil aylarinda su 6rnekleri
almmustir. Bu kanallarla sulama yapilan g¢eltik alanlarindan da hasat sonunda toprak drnekleri alinmistir.
Alman su ve toprak drnekleri farkli kalite parametreleri kullanilarak analiz edilmistir. Analiz sonuglarina gore
sularin kalict sodyum karbonat (RSC), sodyum, siilfat ve klor agisindan herhangi bir sorun teskil etmemekle
birlikte, yiiksek tuz igeriklerinin bitki gelisimine zarar verecek seviyede oldugu belirlenmistir. Muamli drenaj
kanalindaki suyun tuzluluk degerleri 2.79-2.97 dS/m arasinda, Bedes drenaj kanalindaki suyun ise tuzluluk
degerlerinin 1.01-4.95 dS/m araliginda oldugu belirlenmistir. Sonug olarak bu sularin tuzluluk agisindan
sorun teskil ettigi ve bu kanallarla sulanan celtik alanlarinda 6nemli verim kaybi olusturdugu ve topraktaki
tuz icerigini de daha fazla artirabilecegi tespit edilmistir. Drenaj sularinin neden oldugu tuzluluk probleminin
etkisini azaltmak igin, kok bolgesi altinda bulunan tuzlarin ekstra sulama uygulayarak yikanmasi tavsiye edil-
mistir.
Anahtar kelimeler: Drenaj kanallari, Bafra Ovasi, ¢eltik, tuzluluk

Introduction

Water is one of the main input providing higher yields in agricultural practices. In
order to efficient agronomic practices, it should be used at optimum quantities. In this
context, irrigation facilities should be properly operated, general irrigation programs should
definitely be created and water management should be well-performed for better control of
water in agricultural practices. In addition to this, in areas where irrigation water is scarce,
reusing of drainage effluents is an important part of water management.
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Agricultural drainage is an indispensable component of irrigated agriculture, which is
an engineering practice to reduce water table levels beneath the harmful levels for plant
growth and development and to prevent salt accumulation within root zone. In humid
regions, drainage practices provide a proper soil-water-air balance within the root zone.
Such practices in arid and semi-arid regions with intensive irrigation practices prevent
accumulation of salt within the root zone, provide salt balance and prevent agricultural
lands from aridity (Ciftci et al., 1995).

Regardless of the climate zone, irrigation and drainage practices are the primary
factors providing continuity in agricultural practices. Drainage effluents is normally of
lower quality compared with the original irrigation water. Chemical composition of
drainage effluents is influenced by several factors such as drainage system, agricultural
practices, soil structure, soil infiltration rates, initial soil salinity, irrigation methods and
climate conditions. These factors also affect irrigation water quality and designate
potentiality of reuse of drainage effluents in irrigation practices (Erdzel & Cakmak, 1993).
State Hydraulic Works (DSI) identified improper irrigation practices as the primary reason
of drainage and salinity problems over agricultural lands of Harran plain. Smoot
topography of the project site, outlet problems, heavy soil textures and lack of land leveling
practices aggravated already existing problems (Ozer & Demirel, 2003).

Leaching is one of a significant practice used in soil reclamation. The amount of
leaching water to be used for a full reclamation is primarily depend on concentration and
type of salt in soil and groundwater, quality of leaching water, soil permeability, drainage
system efficiency and depth of soil profile to be leached (Singh & Dahiya, 1979).

Bahgeci et al. (2007) carried out a study to investigate the potential environmental
impacts of drainage effluents and salt leaching through sub-surface drainage system in
Konya plain and indicated that current sub-surface drainage system was able to provide
sustainability of agricultural practices. Cemek et al. (2006) in a study carried out in Bafra
plain reported excessive water use because of recent paddy culture in the plain and
indicated that such excessive uses may result in salinity problems over the agricultural
lands. In this study, drainage effluent water quality parameters were monitored year-long
and the effects of drainage canals on salt leaching from plain soils were assessed.

Material and Method
Geographical Location and Climate Characteristics

The research site is located in Middle Black Sea region between 41° 10°-41° 45°
North latitudes and 35° 30° - 36° 15 East longitudes. Mild climate conditions of Black Sea
Region are dominant in the research site. Meteorological data were supplied from Bafra
Meteorological Station. Long-term annual average precipitation of the research site is 722.5
mm. July is the driest and December is the wettest month. July is the hottest and January
the coldest month of the year (Table 1).

45




TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

Table 1
Long-Term (1993-2013) Averages for Climate Parameters and 2013 Precipitations of the
Research Site

Relative T 2013

Months T enq:zgxmm Humidi Precipitation Precipitation

) mm
% B

January 57 70.0 91.2 62.8
February 6.9 71.0 48.9 14.0
March 7.8 77.0 54.9 82.8
April 11.2 77.0 55.6 43.0
May 15.6 78.0 38.1 28.8
June 20.2 72.0 334 43.6
July 227 70.0 26.3 48.0
August 223 73.0 525 66.8
September 19.0 77.0 71.8 37.2
October 15.1 77.0 79.6 84
November 12.0 70.0 70.9 21.8
December 84 69.0 100.4 38.0
Annual 13.9 73.0 722.5 435.2

Soil Characteristics

Soils of the research site are composed of young alluvial deposits, brought by
Kizilirmak. Research Site which is located close to Alagam border of Bafra along Samsun-
Sinop motorway and covers the drainage canals of Muamli and Bedes (Figure 1).

Mediterranean Sea

0 75150 300 450 0
TR
1

Figure 1. General view of Muamli and Bedes drainage canals.

46



July-August-September-October-November-December / Volume: 3 Issue: 2 Year: 2019

Water and Soil Sampling from Drainage Canals

Physical, chemical and bacteriological characteristics of irrigation water should not
include any risks on soil quality and plant development (Ayers & Westcot, 1985; Fipps,
1994). Therefore, irrigation water (surface or groundwater) quality should definitely be
analyzed before irrigation. Irrigation water quality generally assessed with
physico-chemical quality parameters such as total salt concentration, sodium absorption
ratio, chlorine content, toxic ions, water temperature and pH. Analyses are performed in
accordance with national and international standards (EPA, 1994; Anonymous, 2004). In
this study, irrigation water samples were analyzed in accordance with the principles
specified in Tiiziiner (1990).

Water samples were taken twice in July and September from the locations with 1 km
distance from each other as shown in Figure 1. Soil samples were taken from 9 different
locations in paddy fields irrigated with pumping from specified drainage canals after the
harvest. Water and soil samples were taken by qualified technical staff. Specifications
provided in Ayyildiz (1990) were used in water samplings. Water samples were taken into
2-liter glass bottles with a rubber plugs and samples were numbered from 1 to 9 based on
sampling locations over the canals. Water samples were analyzed in accordance with
Standard Methals 3000 method. Samples were subjected to EC, pH, Na, Ca, K, Mg, CO;,
HCOs; and Cl analyses. Water samples were also subjected to hardness, nitrate, nitrite,
sodium adsorption ratio (SAR), sulphate, phosphate, and ammonium and pesticide
analyses. Results were expressed as ppm. The equation developed by US Salinity Lab. was
used to calculate SAR values (Kanber et al., 1999). In this equation, Na, Ca and Mg, K,
carbonate, bicarbonate, chloride and sulphate values were expressed both in ppm and me/I.
With these values, total anion and cation values were calculated. Soil samples were
extracted and resultant extract was subjected to Na, Ca and Mg, K, carbonate, bicarbonate,
chloride, and sulphate analyses and then total anions and cations were calculated. Electrical
conductivity, pH, SAR, hardness analyses were also performed in laboratory.

Results and Discussion

In this study, chemical characteristics of effluent waters of Muamli and Bedes
drainage canals of Bafra plain, to which there is no intrusion of water from anywhere
around, and soil of paddy fields which were irrigated with these effluent waters were
investigated.

Chemical Characteristics of Irrigation Waters of Muamh and Bedes Drainage Canals

To assess the irrigation water quality of Muamli and Bedes drainage canals, EC,
SAR, RSC and other ions (Ca, Mg, K, Na, and CIl) and heavy metals were analyzed.
Descriptive statistics for the samples taken from Muamli drainage canal are provided in
Table 2 and 3. Sodium, carbonate, SAR and pH values increased and the other parameters
decreased in September. Coefficient of variation (CV) was used to assess the changes in
irrigation water quality parameters. Wilding (1985) classified CV values as follows: low
variability, < 15%; moderate variability, 16-35%; and high variability, >36%. According to

this assessment, in Muamli drainage canal, the greatest variability was observed in
potassium in July and in sulphate and carbonate in September. Descriptive statistics for the
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samples taken from Bedes drainage canal are provided in Table 4 and 5. Only the car-
bonate values increased and the other parameters decreased in September. The greatest var-
iability was observed in sulphate, carbonate, sodium and SAR in July and in sulphate, sodi-
um, chloride and SAR in September.

Table 2

Descriptive Statistics for Water Quality Parameters of Muamli Drainage Canal in July

Parameter Unit Min Max  Mean SE SD Kurt  Skew CV(%)
Sodium(Na) meq/] 209.68 222.53 214.66 2.39 534 -0.35 0.72 2.49
Potassium(K) meq/] 630 1850  11.90 2.49 556  -2.59 0.06 46.72
Calcium (Ca) meq/1 118.53 13047 12442 2.15 4.81 -1.54 0.13 3.87
Magnesium(Mg) meq/] 73.67  85.04  80.34 2.26 505 235  -0.66 6.29
Carbonate(COs) meq/] 5.39 9.70 7.33 0.86 193 232 0.06  26.33
Bicarbonate(HCOs) meq/l 27822 309.95 293.11 5.49 1228  -0.64 0.35 4.19
Chloride(CI) meg/l  454.0.7 51894 48146 10.85 2426 1.26 0.88 5.04
Sulphate (SO.) meq/1 139.27 241.22 189.50 2092 4679  -1.85 026  24.69
EC dS/m 1.79 1.90 1.83 0.02 0.05 0.51 0.90 2.73
pH --- 7.44 7.59 7.52 0.03 006 -048  -0.52 0.80
Sodium percentage % 40.07  42.88  41.78 0.47 1.05 249 -1.30 2.51
SAR --- 3.64 3.81 3.73 0.03 007 -039 -027 1.88
Water Hardness °dH 3354 3753 3590 0.74 166  -1.23 -0.76 4.62

Note. Min= minimum, Max = maximum, SE = standard error of mean,

Kurt = kurtosis, Skew = skewness, CV = coefficient of variation

SD = standard deviation,

Table 3
Descriptive Statistics for Water Quality Parameters of Muamli Drainage Canal in
September
Parameter Uhnit Min Max  Mean SE SD Kurt  Skew CV(%)
Sodium(Na) meq/l 126.34 28466 229.09 2876 64.31 1.44 -1.19 28.07
Potassium(K) meq/] 610 810 684 039 087 -129 080 1272
Calcium (Ca) meqg/l 78.30 110.64 06.43 711 1590 -3.20 -0.55 16.49
Magnesium(Mg) ~ meq/l 4657 7373 5593 464 1038 364 176 18.56
Carbonate(COs) meqg/l 7.54 60.34  40.08 8§90 19.90 237 -1.32 49.65
Bicarbonate(HCQO;) meg/] 250.15  369.74 29335 2068  46.23 2.36 1.47 15.76
Chloride(Cl) meq/l 23424  486.51 33947 4539 101.50 -0.45 0.59 29.90
Sulphate (SOy) meq/1 60.24 311.77 181.54 4164  03.12 0.45 0.24 51.29
EC dS/m 1.28 1.90 1.69 0.12 0.28 -0.77 -1.01 16.57
rH - 8.11 8.35 8.23 0.04 0.09 1.85 -0.23 1.09
Sodium percentage % 34.96 55.82 50.16 3.96 8.87 3.26 -1.84 17.68
SAR - 245 5.62 4.61 0.58 1.30 2.37 -1.54 28.20
Water Hardness °dH 21.69 28.18 26.38 1.19 2.67 432 -2.05 10.12

Note. Min= minimum, Max = maximum, SE = standard error of mean, SD= standard deviation,
Kurt = kurtosis, Skew = skewness, CV = coefficient of variation.
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Table 4

Descriptive Statistics for Water Quality Parameters of Bedes Drainage Canal in July
Parameter Unit Min Max  Mean SE SD Kurt  Skew CV(%)
Sodium(Na) meg/l 53.75 484.19 366.29 104.30 208.59 3.96 -1.99 56.95
Potassium(K) meg/l 5.10 11.90 10.08 1.66 3.32 3.97 -1.99 32.94
Calcium (Ca) meg/l 90.82 176.52 13516 17.55  35.10 1.41 -0.25 25.97
Magnesium(Mg)  meg/] 39055 117.10 8324 1612 3223 182 -088 3872
Carbonate(CO3) megq/1 0.00 10.77 6.47 2.45 4.90 -0.74 -0.90 75.73
Bicarbonate(HCOs) meg/l 20774  339.23  319.71 9.85 19.70 -4.10 -0.18 6.16
Chloride(CI) meg/1 216.23  900.94 72346 169.18 338.36 397 -1.99 46.77
Sulphate (SO.4) megq/1 -48.89  338.71 19757 9145 18290 -0.28 -1.05 02.57
EC dS/m 0.65 3.17 2.53 0.63 1.29 4.00 -2.00 50.99
pH -— 7.55 7.74 7.65 0.04 0.09 -2.99 0.00 1.18
Sodium percentage % 23.00 58.66 48.29 846 1692 3.86 -1.96 35.04
SAR -— 1.20 7.67 5.88 1.56 3.13 392 -1.98 53.23
Water Hardness °dH 21.80 45.69 38.07 5.63 11.26 2.38 -1.60 29.58

Note. Min= minimum, Max = maximum, SE =

standard error of mean, SD =
Kurt = kurtosis, Skew = skewness, CV = coeflicient of variation.

standard deviation,

Table 5

Descriptive Statistics for Water Quality Parameters of Bedes Drainage Canal In September
Parameter Unit Min Max  Mean SE 5D Kurt  Skew CV(%)
Sodium(Na) meg/l 52.67 1 466.17 17092  99.14 198.29 3.69 1.92  116.01
Potassium(K) meg/l 540 7.90 6.55 0.53 1.07 -0.30 0.48 16.34
Calcium (Ca) meg/l 4596 | 104.68 8426 1327  26.55 2.43 -1.58 31.51
Magnesium(Mg)  meg/l 18.89 5252 2082 788 1576 226 158 5285
Carbonate(COs) meg/l 21.55 3555 29.09 2.95 5.90 0.25 -0.49 20.28
Bicarbonate(HCO;) meg/l 21599 | 286.76 25199 16.05 32.09 -3.09 -0.07 12.73
Chloride(CT) meg/l 57.66 | 54417 20922 113.73 22745 3.13 1.77  108.71
Sulphate (SO.) meg/l 27.87 1 41991 156.00 89.93 179.87 3.10 1.75 11530
EC dS/m 0.75 2.49 1.22 0.43 0.85 3.98 1.99 69.67
pH --- 8.22 8.31 8.26 0.02 0.04 1.59 0.40 0.48
Sodium percentage % 25.51 69.61 42.73 1047 20.93 -1.75 0.76 48.98
SAR --- 1.27 0.73 3.86 2.00 4.00 3.1 1.77  103.63
Water Hardness *dH 12.99 | 24.31 18.66 2.31 4.63 1.40 -0.02 2481

Note. Min= minimum, Max = maximum, SE = standard error
Kurt = kurtosis, Skew = skewness, CV = coefficient of variation.

of mean, SD = standard deviation,

There were not significant differences in EC values of Muamli drainage canal in July and
September. EC values of Muamli drainage canal varied between 1.79-1.90 dS/m in July
and between 1.28-1.90 dS/m in September. There were significant differences in EC values
of Bedes drainage canal in July and September. EC values of Bedes drainage canal varied
between 0.75-2.49 dS/m in July and between 0.65-3.17 dS/m in September. Sensitivity of
all plants to salinity may differ and, less yield loss occurs in some plants at much greater
salinity than others (Abrol et al., 1988). For example, if Muamli drainage canal is used for
irrigation purposes in paddy fields, there will nearly a full yield. If Bedes drainage canal is
used, it will cause 15-20% losses in yields. Instead of paddy, if wheat is grown by using
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these drainage canals, there will not almost a yield loss. With regard to SAR values, waters
of both drainage canals were classified as “low sodium waters” and hazardous Na
accumulation was not identified. Since RSC values of both drainage canals were lower
than zero, it was thought that such levels would not have significant effects on plant growth
and development. Sodium levels of irrigation waters should not exceed 50-60 ppm. Only
the water sample taken from 6™ sampling location of Bedes canal in September had sodium
level over 60 ppm. Except for this sample, the other waters did not exert any problems with
regard to sodium. The pH values of drainage canals were between 7.50-8.30 and did not
pose a significant effect on plants.

Wilcox’s graphic (USSL diagram, 1954) was used in classifying Maumli and Bedes
drainage channels water for irrigation (Figure 2 and 3). With regard to irrigation water
quality class, the water samples taken from the 1%, 2", and 3" locations in July and
September were classified as “C3S1” (high saline and low sodium waters). The waters
taken from 4™ and 5™ locations in July were placed in “C3S1” and “C3S2” (high saline and
medium sodium waters) class in September. The samples taken from the 6™ location in
July was classified as “C4S2” (very high saline and medium sodium waters), while in
September the water was placed in “C4S3” class indicating very high salinity and high
sodicity risk. The waters taken from 7" and 8"locations in July were classified as “C4S2”
and as “C3S1” class in September. The water samples taken from the 9™location were
classified as “C2S1” (medium saline — low sodium waters) in July and as “C3S1” class in
September. In this case, high saline waters should not be used as irrigation water and water
should be supplied from the other canals. In this way, possible yield losses could be
prevented.
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Figure 2. Classification of irrigation water quality in different locations of Muamli and
Bedes canals in July.
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Figure 3. Classification of irrigation water quality in different locations of Muamli and
Bedes canals in September.

The variations in the before and after irrigation season (July to September) on both
canals in EC, pH, Na%, SAR and hardness values based on sampling locations are
presented in Figure 4. In the 1% sampling location, all parameters, except for pH, increased.
In the 2™ sampling location, maximum 20% decrease was observed in all parameters,
except for hardness. In the 3™ sampling location, EC and hardness increased by 30-40%
and the other parameters decreased. In the 4™ sampling location, increase was observed
only in hardness and decreases were observed in all the other parameters. In the 5"
sampling location, about 30% increase was observed in hardness and a slight increase was
observed in EC values and large decreases were observed in the other parameters. In the 6
sampling location, a distinctive increase was observed in hardness and EC values and sharp
decreases were observed in the other parameters. Especially in the 7" and 8" sampling
locations, a sharp increase was observed in all parameters, except for pH with slight
decreases. In the 9™ sampling location, about 10% increase was observed in hardness and
decreases were observed in all the other parameters. All of these changes on Muaml
(sample 1-5) and Bedes (sample 6-9) canals were probably due to seasonal rainfall and
cultural applications such as, fertilization.
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Figure 4. Percentage changes in the various water quality parameters.

Assessment of Soil Samples

Variations in soil salinity values of the samples taken from the lands irrigated with
pumping from drainage canals are presented in Figure 5.
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Figure 5. Variations in soil salinity.

According to USSL (1954), a saline soil has an EC, of the saturated paste extract of
more than 4 dS/m. Soils did not have an important problem with regard to salinity.
However, especially in 3", 5™ and 7" sampling locations, soil salinity levels at 30, 60 and
90 cm soil profile reached to 2.50 dS/m. Such a value indicated slightly salinity levels for
these samples. In the other location, salinity at all depths was around 1.00-2.00 dS/m.

A soil SAR value below 2.00 is most desirable. A soil SAR level above 13.00 is con-
sidered very high, and the soil is classified as sodic (McKenzie & Woods, 2010). Soil SAR
values at 30, 60 and 90 cm soil profile varied between 0.20-3.00 (Figure 6).
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Figure 6. Variations in soil SAR values.

The SAR value at 3™ sampling location was higher than the SAR values of other
locations. The SAR value of the 7" and 8" sampling locations varied between 2.00-2.50.
The SAR value of the 1* and 2™ locations varied between 1.00-1.50 and the SAR values of
the other sampling locations at 30, 60 and 90 cm soil profile varied between 0.20-0.60.

The pH value of the saturated soil paste is generally less than 8.2 and more often near
neutrality (Abrol et al., 1980). Soil pH values at 30, 60 and 90 cm soil profile of 9 sampling
locations varied between 7.15-7.42 (Figure 7). Soil pH values were within the desired
values.
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Figure 7. Variations in soil pH values.
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Conclusion

The water samples taken from Muamli and Bedes drainage canals varied between
2.79-2.97 dS/m and 1.01-4.95 dS/m, respectively. It was concluded that drainage canal
effluents created serious salinity problems and ultimately resulted in significant yield
losses.

The water samples taken from 6™, 7" and 8" locations in July were found to be
unsuitable for irrigation with regard to chlorine contents. On the other hand, in September,
these water samples were suitable for use in irrigation because of precipitations. In this
case, these waters should not be used in July and water should be supplied from other
canals. There were not any problems with regard to chlorine contents in other sampling
locations.

Drainage effluents did not pose any problems for irrigation with regard to sodium
and sulphate contents. Drainage effluents did not have any problems also with regard to
residual sodium carbonate (RSC) and can be used safely. Soil salinity values determined
for 9 sampling locations at 30, 60 and 90 cm soil profile revealed that soil salinity was a
serious problem for present irrigated lands. The greatest reason of soil salinity was
identified as the high salt contents of drainage effluents since these effluents were used in
irrigations.

Since paddy was cultivated over irrigated lands of plain, excessive water was used in
irrigation and thus high salt content of drainage effluents resulted in 15-25% losses in
yields. Precipitations were not sufficient to leach excess salt in soil profile. Low-saline
waters should be used for leaching purposes. If there is a chance, farmers are recommended
not to use drainage effluents in irrigation. They should search for other quality water
resources for irrigation rather than using highly saline drainage effluents.
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Extended Turkish Abs.t.ract
(Genisletilmis Tiirkce Ozet)

Bafra Ovasindaki Drenaj Kanallarindaki Suyun Sulamaya Uygunlugunun incelenmesi

Su, tarimsal tiretim artisinda en etkili bilesenlerden birisidir. Bu girdinin verimli olabilmesi ihtiyag
oraninda kullanilmasiyla miimkiindiir. Bu nedenle suyun kontroliiniin saglanmasi i¢in sulama tesislerinin iyi
isletilmesi, genel sulama planlarinin mutlaka yapilmasi ve planlt su dagitimmin diger bir anlatimla su
yonetiminin ¢ok iyi uygulamasi gerekmektedir. Tarimsal drenaj, taban suyunu bitki gelisimini
engellemeyecek diizeye diisirmek ve kdk bolgesinde tuz birikimini dnlemek i¢in yapilan mithendislik
¢aligmalaridir. Sulu tarim uygulamalarinda tarimsal drenaj, sulamanin ayrilmaz bir pargasi olarak kabul
edilmektedir.

Sulama ve drenaj hangi iklim kusaginda olursa olsun iiretimde siirekliligi saglayan ve diger
faktorlerin degerlendirilmesine imkéan taniyan temel uygulamalardir. Drenaj suyunun kimyasal bilesimi,
drenaj sistemi, tarimsal faaliyetler, topragin yapisi, topragin infiltrasyon hizi, baslangictaki toprak tuzlulugu,
sulama yontemleri ve iklim gibi ¢ok sayida faktdre bagl olarak degismektedir. Ayni zamanda sulama suyu
kalitesini kontrol eden bu faktorler yardimiyla drenaj suyunun sulamada kullanim olanag belirlenebilir.

Bu calisma ile Bafra Ovasinda drenaj kanallarindaki sularin kalite 6zelliklerinin yil igerisindeki
degisimlerinin incelemesi, drenaj kanallarinin ovadaki tuzlulugun yikanmasi iizerine olan etkilerinin
belirlenmesi ve degerlendirilmesi amaglanmustir.

Calisma alani, Samsun Sinop Yolu iizeri Bafra’nin Alagam simirina yakin bir kisminda yer alan
Muamli ve Bedes drenaj kanallari ve civarinda gerceklestirilmistir. Caligma alani olarak belirlenen bu
alandan Temmuz ve Eyliil aylarinda iki sefer olmak {izere ortalama birer km araliklarla su Ornekleri
almmuigtir. Toprak 6rnekleri ise belirtilen drenaj kanallarindan pompajla sulanan 9 farkli noktadan alinmustir.
Caligma alanina ait sularin 6zelliklerinin belirlenmesi amactyla 6rnekler iizerinde Elektriksel iletkenlik (EC),
pH, Na, Ca, K, Mg, CO;, HCO; ve Cl analizleri yapilmistir. Toprak drnekleri ise laboratuvar kosullarinda
gerekli islemler uygulanip, toprak suyu siiziilerek Na, Ca ve Mg, K, CO;, HCO;, SO4 ve Cl gibi degerler
hesaplanarak toplam anyonlar ve katyonlar bulunmustur. EC, pH, SAR, Sertlik (Alman) gibi degerlerde
laboratuvar kosullarinda analiz edilmistir. Toprak 6rnekleri ise bu drenaj sularinin pompajla araziye verildigi
ve geltik yetistiriciligi yapilan alanlardan, hasat sonrasi alinabilmistir.

Muamli ve Bedes drenaj kanallarinin sulama suyu olarak kullanimi agisindan degerlendirmede EC,
SAR, RSC ve diger iyonlarin (Ca, Mg, K, Na, Cl vb.) etkileri ile birlikte agir metallerde incelenmistir.
Muamli drenaj kanalinda temmuz ayinda en fazla degisim gosteren parametre potasyum, eyliil ayinda ise
siilfat ve karbonat olmustur. Bedes drenaj kanalinda ise temmuz aymda en fazla degisim gosteren
parametreler siilfat, karbonat, sodyum ve SAR, eylill ayinda ise stilfat, sodyum, klor ve SAR olarak tespit
edilmistir.

Temmuz ve eyliil aylarindaki Muamli drenaj kanallart sularinin EC degerleri incelendiginde
donemler aras1 gok biiylik farkliliklarin olmadigi goriilmektedir. Muamli drenaj kanali suyu EC degeri
temmuz ay1 i¢in 1.79-1.90 dS/m arasinda degismekte iken, eylill ay1 igin 1.28-1.90 dS/m arasinda degismistir.
Bedes kanalindan alinan su Orneklerinde ise donemler arasinda farkliliklar olustugu belirlenmistir. Drenaj
kanal1 EC degeri temmuz ay1 i¢in 0.75-2.49 dS/m, eyliil ay1 i¢inse 0.65-3.17 dS/m olarak belirlenmistir.

SAR degeri acisindan her iki drenaj kanalindan alinan su 6rneklerinin az sodyumlu sular sinifina
girdigi ve toprakta zararli miktarda sodyum birikmeyecegi tespit edilmistir.

RSC degeri her iki drenaj kanalinda da sifirin altinda oldugundan dolayi, arazide bitki yetistirmeye
onemli bir etkisinin olmadig1 goriilmiistiir.

Sodyum degerinin sulama sularinda 50-60 ppm degerini gegmemesi istenmektedir. Alinan
orneklerden sadece Bedes kanalinda eyliil ayinda 6. noktada 60 ppm degerini gectigi goriilmiistiir. Bunun
disinda drenaj sular1 sodyum agisindan bir sorun teskil etmemektedir.
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9 noktada ve 30-60-90 cm derinliklerden alinan toprak numunelerinde tuzlulugun 6nemli bir sorun
oldugu belirlenmistir. Bunun en 6nemli sebebi ise pompajla alinarak araziye verilen drenaj kanallarindaki
araziyi sulamak i¢in kullanilan sulardaki tuz miktarlarinin yiiksek olmasindan dolayidir.

Arazilerde geltik yetistiriciligi yapildigindan dolay1 sulama suyundaki tuz miktarinin topraga olan
etkisinden dolay1 geltikteki verim kayiplarinin %15-30 arasinda oldugu belirlenmistir. Bu durumda
yagmurlarin toprak yikama isleminde etkisinin yeterli olmadigi saptanmistir. Drenaj sular ile yapilan
sulamadan kaynaklanan tuzluluk sorununu topraklarda uzaklastirmak i¢in arazideki drenaj sisteminin varligini
g0z Oniinde bulundurarak, topraga tuzluluk agisindan sorun teskil etmeyen sulama sulari ile tarla kapasitesi
iizerinde su verilip toprak yikamasi yapilmalidir. Eger drenaj kanalindaki sular1 kullanmayarak sulama yapma
imkani varsa drenaj sularinin kullanimindan vazgegilerek tuzluluk agisindan sorun teskil etmeyen sulama
sulart ile topraklar sulanmalidir.
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Case Study
Common Diatoms of Phytobenthos in Gediz River Basin

Gediz Nehir Havzasindaki Fitobentozun Yaygin Diyatomeleri
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Abstract

Diatoms (important representatives of phytobenthos) are ecologically significant quality elements for rivers
and lakes according to the EU Water Framework Directive (2000/60/EC). We aimed to investigate common
diatoms of Gediz River Basin within the scope of the studies for preparation of Gediz River Basin
Management Plan. Samples were collected from epilithon and epipelon substrates of 17 rivers, 2 lakes
(Golciik and Marmara) and 4 dams (Demirkoprii, Kiigiikler, Buldan, Afsar) from November 2017 to April
2018. The samples were boiled with H,O, and HCIl for removing the organic matter from frustules.
Permanent slides were mounted with Naphrax solution. As a result, 28 taxa were found as common diatoms
of Gediz River Basin. Many of the taxa were commonly found also in Turkish rivers and lakes. Amphora
pediculus (Kiitzing) Grunow, Navicula reichardtiana Lange-Bertalot, Navicula veneta Kiitzing, Nitzschia
dissipata (Kiitzing) Rabenhorst and Nitzschia inconspicua Grunow were most common diatoms in sampling
points. On the other hand, Navicula erifuga Lange-Bertalot, Navicula reichardtiana Lange-Bertalot and
Nitzschia archibaldii Lange-Bertalot were rarely found in Turkish rivers and lakes.
Keywords: Common diatoms, Gediz River Basin, phytobenthos

Oz

AB Su Cergeve Direktifine (2000/60/EC) gore; fitobentozun 6nemli temsilcilerinden olan diatomlar, nehir ve
goller i¢in dnemli ekolojik kalite gostergelerindendir Gediz Havzast Yonetim Plant hazirlanmasi ¢aligmalari
kapsaminda Gediz Nehir Havzasi igin yaygin diyatomelerin arastirilmasini amagladik. Ornekler 17 nehir, 2
g0l (Golciik ve Marmara) ve 4 barajdan (Demirkoprii, Kiigiikler, Buldan, Afsar) Kasim 2017 ve Nisan
2018’de epiliton ve epipelon substratlardan toplanmistir. Organik maddenin frustullerden uzaklastirilmasi
icin 6rnekler H,O, ve HCI ile kaynatilmistir. Daimi preparatlar Naphrax soliisyonu ile hazirlanmistir. Sonug
olarak, Gediz Nehir Havzasinda 28 diyatome taksonu yaygin olarak bulunmustur. Taksonlarin pek ¢ogu
Tirkiye nehir ve gollerinde yaygin olarak bulunan taksonlardir. 4mphora pediculus (Kiitzing) Grunow,
Nitzschia dissipata (Kiitzing) Rabenhorst ve Nitzschia inconspicua Grunow 6rnekleme noktalarinda tespit
edilen en yaygin tirler olmustur. Ancak, Navicula erifuga Lange-Bertalot, Navicula reichardtiana
Lange-Bertalot ve Nitzschia archibaldii Lange-Bertalot Tiirkiye nehir ve golleri i¢in nadir bulunan tii-
rlerdendir.
Anahtar kelimeler: Yaygin diyatomeler, Gediz Nehir Havzasi, fitobentoz
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Introduction

Water Framework Directive (2000/60/EC) (Anonymous, 2000) aims to establish a
framework for the protection of rivers, lakes, transitional waters, coastal waters and
groundwater. Member States shall ensure that a river basin management plan is produced
for each river basin. Establishment of river basin management plans has been accelerated
last years in Turkey. Turkey has 25 river basins and for 11 river basins (Konya, Susurluk,
Meric-Ergene, Biiyilk Menderes, Gediz, Yesilirmak, Akarcay, Bati Akdeniz, Burdur,
Kiiciik Menderes, Kuzey Ege) preparation of river basin management plans are still on-

going.

A river basin management plan shall cover the surface waters ecological status.
Ecological status is an expression of the quality of the structure and functioning of aquatic
ecosystems associated with surface waters. Phytoplankton, macrophyte and phytobenthos,
benthic invertebrates and fish are the biological quality elements for the classification of
ecological status (Anonymous, 2000). There are some studies (Demir et al., 2017; Celekli
et al., 2018; Solak et al., 2018a) for identifying the ecological status of water bodies in
Turkey within the scope of the river basin based monitoring studies.

Regarding the diatom studies of Gediz River Basin, some works were done in the
basin. Karagdl was one of the pioneer works for Turkish inland waters by Giiner (1969).
Then, Marmara Lake was investigated by Cirik (1983, 1994) and Demirkdprii Reservoir
was worked by GezerlerSipal et al. (1999) in the basin. Also, Giirle River was examined by
Yurterin & Oztiirk (2001) as lotic system. This study aims to investigate the distribution of
common benthic diatoms in the Gediz River Basin.

Method
Study Site

Gediz River Basin is located between 38° 04'-39°-13' northern latitudes with 26°
42'-29° 45' eastern longitudes. The main water source of the basin is Gediz River. The
Gediz River is 275 km. long and is fed by 17220 km?® of precipitation area in Western
Anatolia. There are very few natural lakes in the basin. The most important natural lake is
Marmara. The minimum and maximum elevation of the lake is 73.2-79.2 m and the
minimum and maximum volume is 8.5-320 hm”. There is Golciik Lake as a natural lake in
the basin except Lake Marmara. This lake is a crater lake, 80 ha wide and 10 m deep.

There are 5 dams in the river basin. The larger dam in the basin is Demirkdprii Dam
with a storage capacity of 1.022 million m’. A hydroelectric power plant was established to
produce energy on the dam. Kiigiikler Dams are also used for drinking water supply. The
other dams are used for irrigation, flood protection and energy production. Demirkdprii,
Afsar and Buldan Dams are located in Manisa and Kiigiikler Dam is located in Usak (Tarim
ve Orman Bakanlig1, Su Yonetimi Genel Midiirligi, 2018).
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Sampling

Samples were collected from 17 rivers, 2 lakes (Golciik and Marmara) and 4 dams
(Demirkdoprii, Kiigtikler, Buldan, Afsar) (Table 1) in Gediz River Basin (Figure 1) in
November 2017 and April 2018 from 23 sampling points. Epilithic samples were taken by
brushing the submerged stones and epipelic samples were taken by using a pipette aspirator

from the sediment.

Table 1

The Coordinates of the Sampling Points of the Water Bodies in Gediz River Basin

Stations

Water Bodies

Coordinates

X

Y

371-Buldan Beservoir

G2-Demirkdpri Reservoir

G3-MMarmara Lake
G4-Galcik Lake

G3i-Kiigikler Rezervoir

Gé-Afzar 2 Rezervoir
N1-Demirci Stream
MN2-Giirdik Stream

W3-Gediz Eiver
WN4-Gediz Fiver

WN3-Giirlevik Stream

NiE-Bahgeler Stream
N7-Diken Stream
MNE-Derbent Stream
NO9-Selendi Stream
N10-Alazehir Stream
MN1l-Gediz River
N12-Nif Stream

N13-Sankiz Springs

N14-Canburt Stream
WN13-Murat Stream

WN16-Ag1l Stream

W17-Girdiak Stream

35709 25235
357 39" 36.785"
357 536" 34525
357 19" 02038
357 32" 21.684"
357 13' 39251
35747 318907
390313752
357 40" 35351
357 36" DG.540"
357 25 38.545"
387 35" 532.408"
357 45" 12.438"
357 10" 35892
37 44 27451
387 30" 27337
387 38" 35.1827
357 34" 153827
387 48" 16.611"
357 39" 07524
357 35" 12.1435"
307 04" 27 458"
39708 13.548"

287 50" 41.002"
28= 22" 14.717"
287 00" 47 460"
28%01"30.273"
28= 37 08718
28735 50.861"
287 29" 54 940"
27755 21.654"
277 21" 44 960"
287 48" 46.854"
277 49" 538.015"
29= 23" 31.106"
297 11" 36.873"
287 32" 338727
287 51" 58.708"
287 08 33.644"
27733 13366
273411112
277 39" 40.604"
277 01" 44 680"
297 42" 533.063"
287 40" 20.049"
28700 24.678"
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Figure 1. Distribution of sampling points in Gediz River Basin.

Sample Processing, Observation and Identification

Samples were boiled with H,O, and HCI to remove the organic matter from frustules (Swift
1967). After washing three times of diatoms with distilled water, the material was air-dried
on cover glasses and mounted with Naphrax solution. Diatoms were observed with a Nikon
Ci Light Microscope (LM) in Dumlupimar University, Turkey. The literature used for
identification and dimensions (Krammer 2002, Krammer & Lange-Bertalot 1986, 1991,
Lange-Bertalot et al. 2017).

Diatom Distribution

Description of the distribution of Turkish diatom flora was made according to
Gonilol (2018). The taxa reported from Turkey by Goniilol (2018) which cover 10% of the
literature are categorized as “common” diatoms, the ones cover less than 10% are noted as
“rare” diatoms. If a taxon exists in more than 10 stations, it was named as “common” in
this study.

Results

In this work, common diatoms of Gediz River Basin was evaluated and as a result,
totally 28 taxa were commonly found in the sampling stations (Table 2, Figure 2).

Amphora pediculus (Kiitzing) Grunow

Ref. Hustedt 1930 (p. 343, Fig. 629); Patrick & Reimer 1975 (p. 253, Fig. 16: 9 — 10);
Krammer & Lange-Bertalot 1986 (p. 346, Fig. 150: 8 — 13); Levkov 2009 (p. 101, Figs. 55:
31— 34; 78: 40 — 47); Hofmann et al. 2011 (p. 98, Fig. 91: 29 — 33).
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Cocconeis pediculus Ehrenberg

Ref. Hustedt 1930 (p. 188, Fig. 259); Patrick & Reimer 1966 (p. 240, Fig. 15: 3 — 4);
Krammer & Lange-Bertalot 1991 (p. 88, Fig. 57: 1 — 4); Hofmann et al. 2011 (p. 132, Fig.
19: 17 -19).

Cyclotella meneghiniana Kiitzing

Ref. Krammer and Lange-Bertalot, 1991 (p. 44, fig. 44: 1 — 10); Hékansson, 2002 (p. 79,
figs. 263 — 268); Wojtal and Kwandrans, 2006 (p. 186, fig. 4: 18 =21, 7: 1 -13,9: 1 -8,
10: 1 - 5); Kiss et al., 2012 (p. 337, fig. 14: A — C); Bey and Ector, 2013 (Vol. 1, p. 30);
Cavalcante et al., 2013 (p. 243, fig. 8: A — O); Houk et al., 2010 (p. 16, fig. 143: 1 — 15).

Cymbella excisa Kiitzing
Ref. Krammer 2002 (p. 26, pl. 8: 1 - 26); Hofmann et al. 2011 (p. 150, pl. 77: 23 - 28); Bak
etal. 2012 (p. 81, pl. 54).

Diatoma moniliformis (Kiitzing) D.M.Williams
Ref. Hofmann et al. 2011 (p. 174, pl. 2: 11 - 15); Bak et al. 2012 (p. 99, pl. 4).

Encyonema minutum (Hilse) D.G.Mann
Ref. Krammer 1997 (p.53-pl.25:1-19); Hofmann et al. 2011 (p. 188, pl. 87: 33 - 40); Bak et
al. 2012 (p. 111, pl. 61).

Epithemia sorex Kiitzing

Ref. Hustedt 1930 (p. 388, Fig. 736); Patrick & Reimer 1975 (p. 188, Fig. 27: 4); Krammer
& Lange-Bertalot 1988 (p. 154, Fig. 106: 1 — 13); Hofmann ef al. 2011 (p. 206, Fig. 121: 1
~7)

Gomphonema olivaceum (Hornemann) Brébisson

Ref. Hustedt 1930 (p. 378, Fig. 719); Patrick & Reimer 1975 (p. 139, Fig. 8: 13 — 14);
Krammer & Lange-Bertalot 1986 (p. 374, Fig. 165: 1 — 8); Hofmann et al. 2011 (p. 310,
Fig. 95: 1 - 6).

Gomphonema parvulum (Kiitzing) Kiitzing

Ref. Hustedt 1930 (p. 372, Fig. 713a); Patrick & Reimer 1975 (p. 122, Fig. 17: 7 — 12);
Krammer & Lange-Bertalot 1986 (p. 358, Fig. 154: 1 — 25); Hofmann et al. 2011 (p. 312,
Fig. 99: 1 - 10).

Melosira varians C.Agardh
Ref. Krammer and Lange-Bertalot, 1991 (p. 7, fig. 4: 1 — 8); Wojtal, 2009 (p. 238, fig. 1: 1
—4); Bey and Ector, 2013 (Vol. 1, p. 48); Cavalcante et al., 2013 (p. 246, fig. 11: A).

Navicula capitatoradiata H.Germain
Ref. Hofmann et al. 2011 (p. 374, pl. 36: 28 - 34); Bak et al. 2012 (p. 215, pl. 31).

Navicula cryptotenella Lange-Bertalot
Ref. Hofmann ef al. 2011 (p. 378, pl. 32: 1 - 5); Bak et al. 2012 (p. 217, pl. 29).
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Navicula tripunctata (O.F .Miiller) Bory

Ref. Hustedt 1930 (p. 299, Fig. 514); Patrick & Reimer 1966 (p. 513, Fig. 49: 3); Krammer
& Lange-Bertalot 1986 (p. 95, Fig. 27: 1 — 3); Lange-Bertalot 2001 (p. 73, Fig. 1: 1 — 8);
Hofmann et al. 2011 (p. 403, Fig. 35: 11 — 16).

Navicula veneta Kiitzing

Ref. Hustedt 1930 (p. 295, Fig. 497a); Patrick & Reimer 1966 (p. 504, Fig. 48: 5); Kram-
mer & Lange-Bertalot 1986 (p. 104, Fig. 32: 1 — 4); Lange-Bertalot 2001 (p. 74, Fig. 14: 23
—30); Hofmann et al. 2011 (p. 406, Fig. 9: 8 — 12).

Nitzschia archibaldii Lange-Bertalot
Ref. Krammer & Lange-Bertalot 1991 (p. 115, pl. 81: 10 — 12), Hofmann et al. 2011 (p.
435, pl. 111: 30 — 34).

Nitzschia capitellata Hustedt
Ref. Krammer & Lange-Bertalot 1991 (p. 88, pl. 62: 1 — 12), Hofmann et al. 2011 (p. 438,
pl. 113: 11 - 16).

Nitzschia dissipata (Kiitzing) Rabenhorst
Ref. Hustedt 1930 (p. 412, Fig. 789); Krammer & Lange-Bertalot 1988 (p. 19, Fig. 11: 1-
7); Hofmann et al. 2011 (p. 441, Fig. 109: 8—18).

Nitzschia fonticola (Grunow) Grunow
Ref. Hustedt 1930 (p. 415, Fig. 800); Krammer & Lange-Bertalot 1988 (p. 103, Fig. 75: 1-
22); Hofmann et al. 2011 (p. 259, Fig. 9: 8—12).

Nitzschia inconspicua Grunow
Ref. Krammer & Lange-Bertalot 1991 (p. 95 - pl. 69: 1-13); Hofmann et al. 2011 (p. 446 -
pl. 112: 35-40).

Nitzschia intermedia Hantzsch
Ref. Hofmann et al. 2011 (p. 449, pl. 107: 1-6); Bak et al. 2012 (p. 251, pl. 72).

Nitzschia linearis W.Smith
Ref. Hustedt 1930 (p. 409, Fig. 784); Krammer & Lange-Bertalot 1988 (p. 69, Fig. 55: 1 —
4); Hofmann et al. 2011 (p. 452, Fig. 106: 1 — 3).

Nitzschia media Hantzsch
Ref. Krammer & Lange-Bertalot 1991 (p. 19, pl. 11: 8 — 14), Hofmann et al. 2011 (p. 441:
14 — 18).

Nitzschia palea (Kiitzing) W.Smith
Ref. Hustedt 1930 (p. 416, Fig. 801); Krammer & Lange-Bertalot 1988 (p. 85, Figs 59: 1 —
24; 60: 1 — 6); Hofmann et al. 2011 (p. 454, Fig. 111: 1 —20).

Tryblionella apiculata W.Gregory
Ref. Krammer & Lange-Bertalot 1991 (p. 43, pl. 35: 1 — 6); Hofmann et al. 2011 (p. 439,
pl. 104: 18 - 22); Bak et al. 2012 (p. 246, pl. 71).
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Table 2
Common and Rare Diatoms in Turkey (Géniilol, 2018) and in This Study
In this study

Status in Turkey Status Station(s)
T —— - o G2 GS G4, G5 Gb, NI, 12, N4, 15, N7, &, 1,
(Kitzing) Goman: W10, M11, N12Z, N13, N16, W17
Cacaansis pediculus o c W3, N4, N5, N6, N7, Ng, N9, W10, N11, N12,
Ehrenbers 113, M1€, N17
W;_ mensghitiang. C C G3, G4, G6, N3, N4, N6, W8, N9, N11, N14
Cumbella excia o o GLG2,G3, N2, N3, N5, NT, Ng, N9, N11, N12,
Kiitzing 13, ¥17
Dligtema moniljfarmis c C M1, N2, N3, M4, N5, N6, N7, N9, N11, N12, N15,
(Eotrmg) DM ams N16 K17

: .
Emmmn 3 v C C Gl G3, 66, N3, N5, N6, W8, M9, N10, N11, ¥15
mﬁ_. R c C 1, G2, 63, G4, G3, N3, 12, M13, M16, M17
(romphonsma alivaceum c o G1, M1, W2, W3, 14, M3, W6, M7, ME, W9, 111,
(Homemann) Brebizson W12, N15, W16, N17
Gomphonamg panadum, C o G6, M1, N4, N6, N7, NE, N9, W10, W11, N1,
(Kitzing) Kiitzing N4, N16
W‘“W: o v C C G2, G5, G6, N1, N3, N4, N6, N8, N9, N11, 14
Navisula sapitatovadiasa o c G1, G2, G3, GS, 6, N2, N4, N5, N7, N§, 9,
H Genmain N11, N12, 16, N17
T -
Haicula spiaisella c C G4, G5, G6, N1, N2, N4, N5, N7, N8, N10
m}_mmm R C G1, G6, N1, N2, N4, N8, N9, N11, N12, N14
Navicula gregavia c C G6, M1, M2, M3, M4, W3, MY, ME, W9, N10, W11,
Dorkin 12, N16
Navicula novassiberica o o GLG2,G6 N2, N3, N4, N, Ng, N9, N1, N1,
Lange-Reralat N12, W13
Navisula reichardsiana R c G1, G2, G3, G6, N1, N2, N4, N5, N7, N, N9,
Lanz= Rertalat ¥10, 111, N15, Ni6, N17
Navisula trimmstat o o GA4N2,N4, NS, N9, N10, N11, N12, NI5, NI,
(D ENiiller) Bonr M7
MNepvizula vensta c C Gl G2, G3, G6, N1, M2, 13, 14, N6, ME, 9,
Kiitziog ¥10, W11 N12, N3, N16
e

Wawakia & i R c Gl G2, G3, G4, M2, N3, N3, M7, N12, N16
Nitzsehia capitsllaia o o G N1 N2, N3, N4, N6, N8, N9, N10, N11, N12,
Hustedt N13, N14
Nitzschia dissipara o o GLG2 G, NIL,N2 N4, N5, N, N7, N9, NG,
(Kittzing) Rabenhorst N11, N12, NI, N16, N17
Nitgzphia forgicola C o Gl, G, G6, N1, M1, W0, M11, W12, M15, W16,
{Gomaw) Gomow M7
Nitzaghia incangicua o c G1, G2, G3, G4, G6, N1, N2, M4, N6, N§, N9,
Croman W10, N11 N13, Ni3, N16
mli : insmedia C C  G3,G6 N1 N2, N3, N4 N3, N9, NIL NI2, N14
Nitzschia linsazis o o G3.GS NI, N2, N, N7, N8, N9, N10, 11, NI5,
M Sputh Hlé
m"““li ] media C C Gl G2 G3,G6, N1, N2, N4, N5, N15, N16, N17
Nitzsehia palaa o o GLG2G3,GS NI, N2, N3, N4, N6, N7, N&, N9,
(Kitzmg) W Smith W10, M11, N12Z, N13, N14, 116
Tihlionslla apiculata o o G312, N3, Ni, Ns, N7, N9, N0, N11, N14,
W Gregony; N18. W17

Note. C: common ; R: rare
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Figure 2. Common Diatoms of Gediz River Basin 1- Amphora pediculus; 2- Cocconeis pediculus;
3- Cyclotella meneghiniana; 4- Cymbella excisa; 5- Diatoma moniliformis; 6- Encyonema minutum;
7- Epithemia sorex; 8- Gomphonema olivaceum; 9- G. parvulum; 10- Melosira varians;, 11- Navicula
capitatoradiata; 12- N. cryptotenella; 13- N. erifuga;, 14- N. gregaria; 15- N. novaesiberica;
16- N. reichardtiana; 17- N. tripunctata; 18- N. veneta; 19- Nitzschia archibaldii; 20- N. capitellata;
21- N. dissipata; 22- N. fonticola; 23- N. inconspicua; 24- N. intermedia; 25- N. linearis; 26- N. media;
27- N. palea; 28- Tryblionella apiculata. Scale bar: 10 pm.

65



TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

Discussion and Conclusion

Regarding to distribution of the taxa, many of them were also common diatoms in
Turkish inland waters (e.g. Amphora ovalis, C. placentula, C. placentula var. euglypta,
Craticula accomoda, Cyclostephanos dubius, Cymbella neocistula etc.) (Solak and Wojtal,
2012, Solak et al. 2018b). However, Navicula erifuga, N. reichardtiana, and Nitzschia arch-
ibaldii were rarely found in the Turkish waters. Taxonomically, Navicula erifuga close to
N.simulata Manguin. However, the latter is radiate striae. The taxon was found in Uluabat
Lake (Karacaoglu et al. 2004; Dalkiran et al. 2017) and Kii¢lik Menderes river basin (Solak
et al. 2018a). N. reichardtiana similar to N. moskalii Metzeltin et al. and N. caterva Hohn
& Hellerman. N. moskalii is wider outline while, N. caterva has a higher stria density. The
taxon was found in Asartepe reservoir (Atict et al. 2010), Kiigiik Menderes river basin
(Solak et al. 2018a) and Kiitahya flowing waters (Solak et al. 2016). Nitzschia archibaldii
similar to N. pumila Hustedt but N. pumila is characterised by long protracted ends (Lange
-Bertalot et al., 2017). The taxon was found in Kiiciik Menderes river basin (Solak et al.
2018a). Cocconeis pediculus is close to C. placentula sensu lato. However, C. pediculus
has typical striation and structure on RLV. Cymbella excisa was described by
Lange-Bertalot (2002). The taxa is very common in the inland waters (identified as C.
affinis according to Krammer & Lange-Bertalot (1986). Generally, Nitzschia dissipata is
often found together with N. media. The latter is longer while, the former has typical axial
area.

Ecologically, 4. pediculus exists in oligo- and B-mesosaprobic habitats. However,
its ecology needs to be revised because the taxon is not easy to identify under LM. C.
pediculus are characteristics of alkaline, lentic and lotic systems with medium to high
trophic levels. C. excisa is cosmopolitan and abundant in the mountains. D. moniliformis
tolerates brackish conditions. E. minutum is in anthropogenically little affected habitats. E.
sorex exists in medium to high trophic levels. G. olivaceum is in mostly eutrophic and
moderately electrolyte-rich and, G. parvulum 1is in oligosaprobic and mesosaprobic
habitats. Navicula capitatoradiata is in eutrophic to polytrophic running waters and lakes
with in weakly brackish waters. N. cryptotenella is indicator of B-mesosaprobic and better
conditions. N. erifuga is in brackish waters. N. gregaria is tolerates up to the a-
mesosaprobic level. N. veneta is dominant in industrial waste water. Nitzschia amphibia is
tolerant to the a-mesosaprobic zone while, N. capitellata is tolerant to polysaprobic level
(Lange-Bertalot et al., 2017; Krammer, 2002).
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Extended Turkish Absfract
(Genisletilmis Tiirkce Ozet)

Gediz Nehir Havzasindaki Fitobentozun Yaygin Diyatomeleri

Avrupa Birligi Su Cerceve Direktifi; su kaynaklarinin korunmasi, gelistirilmesi ve kalitedeki kotiiye
gidisin engellenmesi amaciyla yiiriirliige konmustur. Direktifin ana hedefi su kiitlelerinde ekolojik iyi duruma
ulagilabilmesidir. Direktifin uygulanabilmesi i¢in her bir havza i¢in nehir havzasi ydnetim planlarinin
olusturulmasi gerekmektedir. Tiirkiye’de bulunan 25 nehir havzasindan 11 havza (Konya, Susurluk,
Merig-Ergene, Biiyiik Menderes, Gediz, Yesilirmak, Akarcay, Bati Akdeniz, Burdur, Kiiciik Menderes ve
Kuzey Ege) i¢in yonetim plani hazirlanmasi ¢alismalari devam etmektedir. Nehir havzast yonetim planlarinin
hazirlanmasi siirecinde havzada bulunan su kiitlelerinin ekolojik durumunun ortaya konulmasi gerekmektedir.
Ekolojik durumun ortaya konulmasi igin fitoplankton, makrofit, fitobentoz, bentik makroomurgasizlar ve
balik gibi biyolojik kalite bilesenleri nehir havzalarinda izlenmektedir.

Gediz Havzasi cografi bakimdan 38°04'-39°-13' kuzey enlemleri ile 26°42'-29°45' dogu boylamlari
arasinda yer almaktadir. Havzanin temel su kaynagi olan Gediz Nehrine bir¢ok yan dere katildiktan sonra
Manisa ve Menemen Ovalarini sulayarak denize dokiilmektedir. 275 km uzunlugunda olan Gediz Nehri Bat1
Anadolu’da 17.220 km?lik bir yagis alanindan beslenmektedir. Gediz Havzasi’nda dogal gol sayisi yok
denecek kadar azdir. Havzada yer alan en 6nemli dogal gol, Akhisar’in Marmara beldesi yakinlarindaki
Marmara Golii’diir. Marmara Goliiniin minimum ve maksimum kotu 73.2—-79.2 m, hacmi 8,5-320 hm>’tiir.
Havzada Marmara G6lii’niin disinda dogal gol olarak Golciikk Go6lii vardir. Bir krater golii olan Golciik Goli,
80 ha genisliginde ve 10 m derinligindedir. Havzada 5 baraj bulunmaktadir. Havzadaki en biiyiik baraj 1.022
milyon m® depolama kapasitesiyle Demirkoprii Baraji’dir. Barajin iizerine enerji iiretmek tizere HES
kurulmustur. Kiigiikler Barajlart igmesuyu temini i¢in, diger barajlar sulama, tagkin koruma ve enerji tiretimi
amacli kullanilmaktadir. Demirk6prii, Afsar ve Buldan Barajlart Manisa’da, Kiigiikler Baraj1 ise Usak’ta yer
almaktadir.

AB Su Cergeve Direktifi kapsaminda diyatomeler, fitobentoz biyolojik kalite bileseninin nehir ve
gollerde temsil eden en dnemli organizma gruplarindandir. Nehir havzas: yonetim planlarinin hazirlanmasi
stirecinde yeriistii su kiitlelerinde ekolojik durumun ortaya konulmasi maksadiyla diyatomeler birgok nehir
havzasinda izlenmektedir. Diyatome drnekleri havzada bulunan 17 nehir (Demirci, Giirdiik, Gediz, Giirlevik,
Bahgeler, Diken, Derbent, Selendi, Alasehir, Nif, Sarikiz, Canburt, Murat, Agil ve Giirdiik akarsularr), 2 gol
(Golciik ve Marmara) ve 4 barajdan (Demirkoprii, Kiigiikler, Buldan, Afsar) Kasim 2017 ve Nisan 2018’de
epiliton ve epipelon substratlardan toplanmustir. Epilitik 6rnekler nehir yataginda yer alan taglarin firgalanma-
styla, epipelik Ornekler ise pipet yardimiyla sedimentten toplanmistir. Organik maddenin frustullerden
uzaklastirilmasi maksadiyla 6rnekler HO, ve HCl ile kaynatilmistir. Daimi preparatlar Naphrax soliisyonu ile
hazirlanmigtir. Diyatomeler mikroskop yardimiyla incelenmis ve taksonomik literatiire gore teshis edilmistir.
Havzada yaygin olarak bulunan taksonlarin gorsel kataloglar1 hazirlanmig ve Tiirkiye florasindaki durumu ile
karsilastirilmistir. Tiir, literatiirde %10 dan fazla yer aliyorsa “yaygin”, % 10 dan daha azinda yer aliyorsa “az
rastlanir” olarak smiflandirilmustir.

Sonug olarak, Gediz Nehir Havzasinda 28 diyatome taksonu yaygin olarak bulunmustur. Calismada
tespit edilen taksonlarin pek c¢ogu Tiirkiye nehir ve gollerinde yaygin olarak bulunan taksonlardir.
Amphora pediculus (Kiitzing) Grunow, Nitzschia dissipata (Kiitzing) Rabenhorst ve Nitzschia inconspicua
Grunow Ornekleme noktalarinda en yaygin tespit edilen tiirler olmustur. Ancak, Navicula erifuga
Lange-Bertalot, Navicula reichardtiana Lange-Bertalot ve Nitzschia archibaldii Lange-Bertalot Tiirkiye nehir
ve golleri i¢in nadir bulunan tiirlerdendir. Navicula erifuga tilkemizde Marmara ve Kiigiikk Menderes nehir
havzalarinda rastlanmistir. Diger bir baskin takson N. reichardtiana ise Sakarya ve Kiigilk Menderes nehir
havlalarinda tespit edilmistir. Tiirlerin taksonomik 6zellikleri dikkate alindiginda, Cocconeis pediculus ile C.
placentula birbirine olduk¢a benzer durumda olup, raphe igermeyen kabuk yapisi (stria yapisi) farklilik
gostermektedir. Cymbella excisa ise yine yaygin diyatomelerden biridir. Bu tiir ilk olarak C. affinis olarak
tanimlanmigtir. Tiirlerin ekolojik 6zellikleri gézoniine alindiginda, A mphora pediculus temiz sularda bulunur.
Cymbella excisa az kirli alkalinsularda bulunur. Diatoma moniliformis hafif tuzlu sularin karakteristik
tiirlerinden birisidir.
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Gomphonema olivaceumdaha ziyade otrofik ve orta derecede iletkenlik seviyesine sahip sularda
bulunur. Diger yaygin bir tiir olan G. parvulum ise ekolojik toleransi genis tiirlerden biridir. Navicula
capitatoradiata daha ziyade kirli sularda yayilis gosterir. Navicula gregaria ve Nitzschia amphibia kirlilige
nispeten toleransl tiirlerden biridir. Nitschia capitellata ise ¢ok kirli sulara toleransl tiirler arasindadir.
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