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Abstract

Invasive species has been accepted as one of the major threats to aquatic ecosystems. The biological
invasion has resulted in significant ecological degradations including alteration of the structure of
populations and changes in ecosystems processes and services. There are a variety of reasons why
invaders have introduced to new aquatic areas, such as dense marine traffic, anthropogenic
modifications, extreme human use of water bodies. To display the status of aquatic ecosystem in terms
of the invasive species, benthic invertebrate communities are a very good indicator. A study was
carried out in Turkish coasts during the “Project on Establishment of the Water Quality Ecological
Assessment System Specific for Turkey” for biomonitoring studies between 2014 and 2015. In the
scope of the project, 4 invasive species Polydora cornuta Bosc, 1802; Prionospio saccifera Mackie &
Hartley, 1990; Cerithium scabridum Philippi, 1848 and Rapana venosa (Valenciennes,1846) were
identified. Some geographical distribution data of these species are briefly examined.
Keywords: Invasive species, benthic macroinvertebrate, biomonitoring, Mediterranean and

Black Sea, Turkey

Oz

Istilac1 tiirler, su ekosistemleri igin en biiyiik tehditlerden biri olarak kabul edilir. Biyolojik istila,
popiilasyon yapisinin degismesi ve ekosistem siiregleri ve hizmetlerindeki aksakliklar dahil olmak
iizere onemli ekolojik bozulmalara neden olur. Deniz tagimaciligi, antropojenik modifikasyonlar, su
kiitlelerinin asir1 kullanimi gibi faktorler, istilact tiirlerin yeni sucul bolgelere giris yapmasindaki
nedenlerdir. Istilac1 tiirler agisindan sucul ekosistemlerin durumlarini gdstermek igin bentik omurgasiz
topluluklari ¢ok iyi indikatordiirler. 2014 ve 2015 yillar1 arasinda "Tiirkive've Ozgii Su Kalitesi
Ekolojik Degerlendirme Sisteminin Kurulmasi Projesi" kapsaminda biyolojik izleme calismalari i¢in
Tiirkiye kiyilarinda bir ¢aligma yiiriitiilmiistiir. Proje kapsaminda 4 istilaci tiir tespit edildi; Polydora
cornuta Bosc, 1802; Prionospio saccifera Mackie & Hartley, 1990; Cerithium scabridum Philippi,
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1848 ve Rapana venosa (Valenciennes,1846). Bu tiirlerin bazi cografik dagilim verileri kisaca
incelenmistir.

Anahtar siizr: Istilact tiirler, makroomurgasizlar, biyolojik izleme, Akdeniz ve
Karadeniz, Tiirkiye.

Introduction

Globally, invasive species has been regarded as one of the greatest threats to
marine biodiversity (Simberloff et al., 2013). The rate of biological invasion has
risen over the last century, is generating big concern due to the ecological and
financial losses of invasion (Mack et al., 2000; Katsanevakis et al., 2013; Simberloff,
2014), and according to Pysek & Richardson (2010), this rate will possibly remain in
the future. It is estimated that on indigenous populations invasive species have the
most important pressures including that predominate over their assemblages and/or
introduce different features to ecosystems (Shea & Chesson, 2002; Hall et al., 2006).
It is responsible for alteration in the structure and composition of populations (e.g.
diversity, spatial distribution, density) (Fritts & Rodda, 1998; O’Dowd et al., 2003)
and changes in the ecosystem function (e.g. nitrogen cycling, light penetration)
(Grosholz, 2002; Byrnes et al., 2007; Costello et al., 2010) which are important
environmental damages.

Natural and anthropogenic global environmental changes influence the
geographical and biological implications of invasions (Lapointe et al., 2012).
Utilisation of rivers, lakes, and the coastal waters excessively by the human is
usually joined by intentional or unintentional invader introductions. Invasive species
dispersals in aquatic ecosystems have been occurring by human activities (Lockwood
et al., 2013) such as aquaculture, canal building, recreational events, shipping (i.e.
ballast water discharge), tourism and sports fisheries in the last few decades (Cohen
& Carlton, 1998; Zenetos et al., 2012; Nunes et al., 2014). The structure of many
aquatic ecosystems are being altered by anthropogenic modifications (Friberg, 2014)
and ecological assessment for all water bodies is carried out through biomonitoring
studies that have turned into a basic method for assessing and monitoring such
impacts (Olenin et al., 2010; Buss, 2015).

According to the Marine Strategy Framework Directive (MSFD), the
biological invasion is regarded highly in the biodiversity and marine ecosystem
policies of EU (Directive, E.C., 2008; EU Commission, 2011). In the assessment of
the environmental quality of marine waters, the richness and functional attributes of
invasive species will be employed as criteria (European Commission, 2010), since
that new alien species are entered European seas every year (Evagelopoulos et al.,
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2015; Katsanevakis et al., 2013). Determination of the ecological status of
freshwaters and coastal waters are being done by using many biological quality
elements including benthic macroinvertebrates, phytoplankton, macro algae, fish
(Hellawell, 1986; Rosenberg & Resh, 1993; Carter et al., 2006; Boix & Batzer,
2016). Among these biological assemblages, benthic macroinvertebrates are the most
common bio-indicator, are designated as one of the biological quality elements used
in the implementation of the EU Water Framework Directive (WFD; EC, 2000).
Benthic macroinvertebrate species in aquatic environment has strong trophic
relations that could be intensely distressed by the introduction or the loss of species,
therefore the development of a bio-monitoring instruments have been empowered via
presence of indicative benthic invertebrate taxa and communities (Carpenter et al.,
1985; Strong, 1992; Pace et al., 1999; Bonada et al., 2006). However, there is a lack
of consensus on containing or given score values with regard to invasive species and
biotic indices (Gabriel et al., 2005; Arndt et al., 2009; MacNeil et al., 2013).

The coasts of Turkey have different hydrodynamic systems and marine
traffic characteristics. The Dardanel and Bosphorus Straits constitute the dense
shipping activities in Turkey and invasive species have entered locations through
these commercial ports being hotspots for invasive species. Also, intense populating
of Lessepsian migrants has resulted from the Suez Canal along the Levantine coast of
Turkey. (Cinar et al., 2006). In the country, the impacts of invasive species on
ecosystems and their roles in the aquatic environment is becoming a subject of study
(Cinar et al., 2016). This paper reviews the invasive species reported from the
Turkish coasts during a project funded by Ministry of Forestry and Water Affairs,
General Directorate of Water Management (Project of Establishing Water Quality
Ecological Evaluation System Specialized to Turkey, Project No: 2011K050400) was
conducted for bio-monitoring studies between 2014 and 2015.

Material and Methods
The benthic macroinvertebrate species were monitored at 46 stations along

Turkish coasts, but invasive species were only recorded at 5 stations located in the
Mediterranean (2), Levantine coasts (1) of Turkey and East Black Sea (2) (Fig. 1).
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The coordinates of five stations are also represented in Table 1.

Table 1

The Coordinates of Five Stations

Station / Coordinates Longitude (X) Latitude (Y)
EDSBAKSO1 55,3774 41,24024
EDSBAKS09 68,8656 40,58866
EDSDKKS02 41,0274 45,38094
EDSDKKSO03 48,6718 45,40383
EDSCEGS02 37,154418 37,57956

Sampling process was conducted in summer, autumn, spring and summer
seasons, respectively. Due to harsh winter conditions, the material was not sampled
in winter period. The biodiversity and benthic community structures of the area were
documented by performing qualitative and quantitative samplings at stations. At all
monitoring stations, the sampling of soft substrate macrofauna was carried out
between 2014 and 2015 with Van Veen Grab (0.1m? sampling area) as three
replicates. Soft-bottom samples were filtered through a wash bucket with 0.5 mm
mesh. The retained material was placed in separate boxes containing a 4%
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formaldehyde solution. In the laboratory, the samples were rinsed in fresh water and
identified to the species level under a stereomicroscope and protected in 70%
ethanol.

The temperature and salinity values were measured in situ. All water quality
parameters results of stations are presented in Table 2.

Table 2
Monthly Records of Mean Water Quality Parameters at the Five Sites
Test site Season Temp.  Sal. pH DO TSS  Chl.-a LA
["C] [ng/L] [mg/L] mg/L [ugL]  [ng/L]
EDSBAKSO1
1 25,55 49,90 8,19 8,08 68,80 3,10 1,20
2 19,00 28,53 7,99 7,08 61,20 3,10 4,00
3 19.65 2599 785 724 14,40 0,10 3,70
4 29,30 33,30 8,25 8,87 17,60 0,10 2,50
EDSBAKS09
1 30,10 50,10 8,30 7,86 42,80 3,10 0,80
2 21,25 36,75 8,35 9,51 33,20 3,10 3,00
3 21,55 35,70 7,96 9,61 46,60 0,10 1,80
4 28,45 40,75 8,32 8,61 46,20 0,10 4,00
EDSDKKS02
1 28,35 17,84 8,36 8,08 33,40 3,10 -
) ; - - R - - -
3 22,05 12,31 8,32 9,31 10,40 0,10 6,00
4 25,05 15,95 8,56 8,19 30,20 0,10 1,70
EDSDKKSO03
1 28,80 18,05 8,41 8,29 32,80 3,10 3,00
2 ; ; - i - - -
3 22,15 10,72 8,44 9,36 3,20 0,10 0,50
4 27,00 17,59 8,59 8,06 28,40 0,10 6,00
EDSCEGS02
1 29,60 40,44 8,26 7,41 54,20 3,10 -
2 22,55 41,15 8,40 8,91 9,40 3,10 0,90
3 26,90 41,15 7,89 8,70 25,60 0,10 1,50
4 28,25 41,45 8,32 8,26 55,40 0,10 1,00

Note.(1= summer 2014, 2=autumn 2014, 3= Spring 2015, 4= Summer 2015)
Temp=temperature, Sal= salinity, DO= dissolved oxygen, T'SS=total suspended solid, Chl-a=
chlorophyll-a, L.4= light availability
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Results and Discussion

During the project, 7 alien species, 4 invasive species presented in the
following section from the Turkish coasts were identified.

Polydora cornuta Bosc, 1802 (Spionidae: Polychaeta)
Soft and hard bottom samples collected to examine from the station

EDSBAKKSO1 in summer, 2015 (Fig. 3) showed that invasive species, identified as
Polydora cornuta Bosc, 1802 (Fig. 2), in the western Mediterranean coast of Turkey.

DSBAKS01

F igureZ: Polydora cornuta Figure 3: EDSBAKSO1 station

This species has been reported from different regions of the world oceans
including the western Mediterranean Sea, is broadly dispersed from the Atlantic to
the Pacific Ocean (Radashevsky & Hsieh, 2000). In the Mediterranean Sea, the
spionid P. cornuta is considered to be one of the worst invasive alien species on
benthic substrates (Streftaris & Zenetos, 2006). The first record in the Mediterranean
Sea was reported by Tena et al., (1991) in organically enriched environments in the
Spanish coast (Valencia Harbour). In Turkey, Cinar et al., (2005) encountered this
species from the Alsancak Harbour in Izmir Bay, the Aegean Sea. The presence of P.
cornuta in the Sea of Marmara and Izmir Bay (Aegean Sea) (Dagl & Ergen, 2008),
the Bosphorus Strait (Karhan et al., 2008) and the Greek waters (Simboura et al.,
2008) provided that its distributional range increased within the Mediterranean and
Black Sea. Although the routes of these species continue uncertain in the
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Mediterranean (Radashevsky & Selifonova, 2013), shipping and aquaculture have
been widely considered as pathways for the introduction of P. cornuta into the
Mediterranean Sea, as the specimens were found in and around the busiest
commercial harbours and mussel farm areas (Cinar et al., 2005, Simboura et al.,
2008). In all these cases, P. cornuta was identified as an opportunistic species and
also it has been commonly sampled in organically polluted sediments (Pearson &
Rosenberg, 1978).

Prionospio saccifera Mackie & Hartley, 1990 (Spionidae: Polychaeta)

Specimens of Prionospio saccifera were collected in the station
EDSBAKSO09 in spring, 2015 (Fig. 4) in the Mediterranean Sea. It was firstly
recorded from Hong Kong at 11-21 m depth and the Red Sea at 43-49 m depth by
Mackie & Hartley (1990). Blake (1996) considered P. saccifera as very common in
the western Pacific and the Indian Ocean. This species could have been introduced to
the Mediterranean Sea from the Red Sea through the Suez Canal (Lessepsian
migrants) (Dagl & Cinar, 2010). The occurrence of this species in the Mediterranean
Sea was first mentioned by Cinar and Ergen (1999). Cinar & Ergen (1999)
mentioned that reporting this species in the western Mediterranean Sea extends its
worldwide distribution, after Hong Kong and the Gulf of Suez (Red Sea), a
phenomenon of Lessepsian migration may be hypothesized

EDSBAKS09

Figure 4: EDSBAKSO09 station
Cerithium scabridum Philippi, 18erithiidae: Gastropoda)

The presence of an established population of Cerithium scabridum (Fig. 5) in
the Mediterranean Sea was reported by Zenetos et al. (2009). In this study, these
species were sampled from the EDSCEGS02 station in spring, 2015 (Fig. 6) in the
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Levantine coast of Turkey. The presence of C. scabridum in the western
Mediterranean is likely due to shipping from the eastern Mediterranean (Garilli &
Caruso, 2004). On the contrary, other dispersion mechanism of this species can be
with natural way via the Suez Canal along the Levantine Sea, it is called as
Lessepsian migration (Zenetos et al., 2009). As the pattern is known for other Indo-
Pacific species, C. scabridum from the Suez Canal recorded in Egypt, Israel,
Lebanon, Syria, the southern coast of Turkey and Cyprus (Houbrick, 1992). It is
supposed that the distribution pattern of C. scabridum has been explained with a
double dispersal mechanism.

Figure 6: EDSCESO02 station
Rapana venosa (Valenciennes, 1846) (Muricidae: Gastroa)
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Rapana venosa species (Fig. 7) were collected from two stations
(EDSDKKSO02, Spring 2015 and EDSDKKS03, Summer 2014) (Fig. 8 & Fig. 9) in
the eastern region of the Turkish coast of the Black Sea. Rapana venosa is a large
predator originating from temperate Asian waters, such as the Sea of Japan, the
Yellow Sea (Chung et al., 1993), the Bohai Gulf, and the east China Sea. It was first
introduced to the Black Sea in 1947, has since spread into the Aegean Sea
(Koutsoubas & Voultsiadou-Koukoura, 1991), the Adriatic Sea (Bombace et al.,
1994). In the Black Sea, due to lack of major predators, R. venosa has become very
abundant (Saglam & Duzgunes, 2007). In the late 1990s, the larvae of this species
carried by ballast water from the Black Sea or from the Levantine Sea into the
Chesapeake Bay (Atlantic basin). This successful invasion is supported by various
factors such as appropriate sandy bottom areas and an abundant supply of bivalve
prey (Saglam & Duzgunes, 2007).

EDSDKKSO03 §
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Conclusion

The biological invasion has resulted in significant ecological deteriorations
including alteration of the population dynamics, biodiversity and ecosystem services.
However, recognizing these alterations is not an easy task except where large, well-
known species are of concern. There are especially two ways how invaders have
introduced to new aquatic areas, natural ways such as carried by currents (e.g. larvae
of invertebrates), attached to a piece of driftwood and human-based ways such as
maritime transport, ballast waters and aquaculture. In Turkey, the marine invasive
ecology has come into focus and spatial range of invasive species has expanded for
coastal habitats in the last years. Having commercial ports take place in Turkey
costal and opening Suez Canal in the Levantine coast of Turkey make a contribution
to this situation. In this project, 4 invasive species recorded from different coasts
indicate that invasive species has become a threat to the Turkey coasts. Although the
impacts of invasive species on ecosystems and their roles in the aquatic environment
have become subjects of study in Turkey, these studies are still mainly based on
morphological examination and comparison of fixed specimens. The biogeographic
origin of a species and its morphological variability can be the subject of future
projects in biological monitoring studies in Turkey.
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Extended Turkish AbsEract
(Genisletilmis Tiirkce Ozet)

2014 - 2015 Yillar1 Arasinda Tiirkiye Kiyilarinda izlenen istilact Makroomurgasiz Tiirler

Istilact tiirler, denizel biyolojik cesitliligine yénelik en biiyiik kiiresel tehditlerden biri olarak
goriilmektedir. Denizel su kiitlelerinde biyolojik istila oran1 son yiizyilda artis gdstermis, ekolojik ve
mali kayiplar1 yiiziinden biiyiik endise yaratmustir. Istilaci tiirlerin, yerli topluluklar iizerinde de stres
olusturdugu ve/veya ekosistemlere farkli ozellikler kazandirdigi tahmin edilmektedir. Ayrica
popiilasyonlarin yapisinda ve kompozisyonundaki degisiklikler ile ekosistem fonksiyonundaki
bozulmalar (azot dongiisii, 151k gegirgenligi vb.) gibi g¢esitli modifikasyonlardan sorumlu olduklari
birgok aragtirmaci tarafindan dile getirilmektedir.

Dogal ve antropojenik kaynakli kiiresel iklim degisiklikleri, istilalarin cografi ve biyolojik
sonuglarin1 etkilemektedir. Istilac1 tiirler su {iriinleri yetistiriciligi, kanal yapimi, kiyilardaki
rekreasyonel faaliyetler, deniz tagimaciligi (balast sularinin bosaltilmasi), turizm ve kiiltiir balik¢iligt
gibi son yillarda artan insan faaliyetleri sonucu sucul ekosistemlere girmektedir. Tiim su kiitlelerinde
temel bir yontem olan biyolojik izleme c¢alismalari ile ekolojik degerlendirme ve antropojenik
miidahalelerin etkileri ortaya konulmakla birlikte, istilaci tiir varlig1 da tespit edilmektedir.

Tath su ve kiyi-gecis sularmin ekolojik durumu, bentik makro omurgasizlar, fitoplanktonlar,
makroalgler, baliklar gibi bir¢ok biyolojik kalite unsuru kullanilarak belirlenmektedir. Bu biyolojik
topluluklar arasinda bentik makroomurgasizlar en yaygin kullanilan biyoindikatorler olup AB Su
Cergeve Direktifi'nin uygulanmasinda kullanilan biyolojik kalite unsurlarindan biridir. Sucul
ortamdaki bentik makroomurgasiz tiirlerinin bulunma durumu, yeni tiirlerin girisi gibi gostergeler
ortamin trofik diizeyi ile iliskilidir. Bu nedenle biyolojik izleme metotlarinin gelisimi indikator
niteligindeki bentik omurgasiz takson ve topluluklarin varhigi ile giiglendirilmistir. Istilact tiirler kiy1
ve gecis sularinda ekolojik degerlendirmede kullanilan bir gosterge olmasina ragmen, tatli sularda
kullanim1 konusunda heniiz bir fikir birligine varilamamuistir.

Tiirkiye’nin Karadeniz, Marmara, Ege ve Akdeniz sahillerinde farkli hidrodinamik sistemlerin
varligmin yani sira deniz tagima-nakliye faaliyetlerini iceren yogun bir deniz trafigi yasanmaktadir.
Tiirkiye'deki ticari limanlar ve deniz trafiginin yogun oldugu Canakkale ve Istanbul bogazlari istilac
tirlerin giriglerini saglayan Onemli noktalar olarak bilinmektedir. Ayrica, Siiveys Kanali’nin
acilmasiyla birlikte Akdeniz’in dogu kiyilarindan yogun sekilde istilact tir girisi olmaktadir
(Lesepsiyen gog). Istilaci tiirlerin ekosistemler iizerindeki etkileri ve sucul cevredeki rolleri
Tiirkiye’de ¢alisilan konulardan birisi olup, bu konuda bilimsel yayimlar son yillarda artmaktadir.

Bu calismada tespit edilen istilact bentik makroomurgasiz tiirleri Bati Akdeniz (2 istasyon),
Dogu Akdeniz (1 istasyon) ve Dogu Karadeniz (2 istasyon) kiyilarinda bulunan 5 istasyonda izlenmis
ve kayit edilmistir. Izleme ¢aligmasi yapilan bolgelerin biyogesitlilik ve bentik topluluk yapilari,
istasyonlarda niteliksel ve niceliksel Ornekleme yapilarak degerlendirilmistir. Tim izleme
istasyonlarinda yumusak substratumdan makrofauna 6rnegi Van Veen Grab (0,1 m? érnekleme alani)
ornekleme ekipmani ile {i¢ tekrarli (replikat) olarak gerceklestirilmistir. Yumusak susbstratum
ornekleri, 0,5 mm gozlii bir yikama kovasi boyunca filtrelenmis ve % 4 formaldehit soliisyonu igeren
ayrt kutulara yerlestirilmistir. Laboratuvarda, numuneler tatli suda durulanmis, bir stereomikroskop
altinda tiir seviyesinde tespit edilmis ve % 70 etanol i¢inde korunmustur.
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Proje kapsaminda Tiirkiye kiyilarinda, Bati Akdeniz, Dogu Akdeniz ve Dogu Karadeniz
kiyilarinda bulunan toplam 5 istasyonda 4 istilaci tiir tespit edilmistir.

Polydora cornuta Bosc, 1802 (Spionidae: Polychaeta); Bati Akdeniz havzast EDSBAKKSO01
istasyonunda yaz doneminde orneklenmistir. Akdeniz’de en tehlikeli istilaci tiirlerden biri olarak
kabul edilmektedir. Ispanya, Yunanistan, Atlantik-Pasifik arasi ve Marmara denizi gibi gesitli
bolgelerde daha dnce goriildiigiine dair kayitlar bulunmaktadir. Literatiirde nasil yayildigina dair kesin
bir kan1 olmamasina ragmen, gemicilik ve kiiltiir balik¢iligi faaliyetlerinin P. cornuta tiiriiniin
Akdeniz’de goriilmesine sebep oldugu diigiiniilmektedir.

Prionospio saccifera Mackie & Hartley, 1990 (Spionidae: Polychaeta); Bati Akdeniz
havzas1 EDSBAKKSO09 istasyonunda ilkbahar doneminde &rneklenmistir. Ilk olarak 1990 yilinda
Hong Kong’ta kaydi tutulmus olan P. saccifera, bati Pasifik ve Hint Okyanusunda yaygin olarak
goriilmekte olup, Akdeniz’e girisinin Siiveys Kanali vasitasiyla oldugu disiiniilmektedir. Akdeniz igin
ise ilk kayit 1999 yilinda Cinar ve Ergen tarafindan tutulmustur. Akdeniz’de goriilmesi, diinya
capinda dagilimimnin genislediginin bir gostergesidir.

Cerithium scabridum Philippi, 1848 (Cerithiidae: Gastropoda); Ceyhan havzasi
EDSCEGSO02 istasyonunda ilkbahar doneminde Orneklenmistir. P. saccifera gibi yayiliminda
Lesepsiyen go¢ adi verilen ve Siiveys Kanali aracilifiyla meydana gelen hareketliligin rolii oldugu
diistiniilmektedir. Dogu Akdeniz’den batiya dogru yayilmasinda gemicilik faaliyetlerinin de etken
oldugu diistintilmektedir.

Rapana venosa (Valenciennes, 1846) (Muricidae: Gastropoda) ;Dogu Karadeniz havzasi
EDSDKKSO02 istasyonunda ilkbahar ve EDSDKKSO03 istasyonunda yaz doneminde &rneklenmistir.
Asya kokenli biiyiik bir aver tiir olan R. venosa, Karadeniz’de ilk defa 1947°de kaydedilmis olup
buradan Ege ve Adriatik Denizi’ne yayilmistir. Biiyiik aver tiirlerin eksikliginden dolay1 Karadeniz’de
hizlica ¢ogalabilmektedir. Karadeniz’de ve Akdeniz’in dogusunda bulunan R. venosa tiirlerinin
diinyanin ¢esitli yerlerine gemilerin balast sulari ile yayildig1 diisiiniilmektedir.

Bu calisma, Orman ve Su Isleri Bakanlig1 Su Yonetimi Genel Miidiirliigii tarafindan finanse
edilen biyolojik izleme projesi (Proje No: 2011K050400, Tiirkiye've Ozgii Su Kalitesi Ekolojik
Degerlendirme Sisteminin Kurulmasi Projesi) kapsaminda Tirkiye kiyilarindan 6rneklenen istilaci
tirler hakkinda yapilmis bir incelemedir. 2014 ve 2015 yillar1 arasinda gergeklestirilen izleme projesi
boyunca, Tiirkiye kiyilarindan 4 istilact ve 7 yabanci tiir tespit edilmistir. Teshisi yapilan istilact
tirler; Polydora cornuta Bosc 1802; Prionospio saccifera Mackie & Hartley 1990; Cerithium
scabridum Philippi 1848 ve Rapana venosa (Valenciennes, 1846). Bu tiirlerin bazi cografik dagilim
verileri kisaca incelenmistir.
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Abstract

The purpose of this study/technical assessment was understanding the effects of the crisis of Syria on
water sector in the area out of the control of Syria regime (Non-State Armed Group controlled areas),
and defined the worst communities, located in Daret Azza sub district/Aleppo governorate, which
need urgent technical and financial assistance in the fields of water and sewage sectors. The study
showed that 100% of wastewater was not be treated because of lack of wastewater treatment plants.
There was no water distribution network and also 91% of the people in the community has not
accessed to the public water network. The water-supply infrastructure was not efficient. Therefore, all
water-supply infrastructure in Daret Azza subdistrict was needed to rehabilitate and maintenance. The
people of Daret Azza subdistrict spent about 8-13% of their income for purchasing unsafe water while
the people living in the Regime-controlled areas spent about 0.5-1% of their income for purchasing
safe water. For this reason, the people of Non-State Armed Group controlled areas needed urgent and
sustainable technical and financial supports, especially for obtaining potable water.
Keywords: Water supply, Syria crisis, water system, Daret Azza

Oz

Bu c¢aligmanin ya da teknik degerlendirmenin amaci, Suriye’de yasanan krizin Suriye rejiminin
kontroliiniin disinda kalan alanlardaki (devlet dis1 silahli gruplarin kontroliindeki alanlar) su sektorii
iistiindeki etkilerini anlamaktir. Ayrica, su ve kanalizayon sektorlerinde acil teknik ve mali yardima
ihtiyact olan Halep Valiliginin yonetimdeki Daret Azza nahiyesindeki en kotii durumda bulunan
topluluklart belirlemek amaclanmaktadir. Bu ¢alisma ile iilkede aritma tesisleri bulunmadigi igin
atiksularin  tamaminin  aritilmadigint  gdsterilmistir. Aynt zamanda su dagitim sebekesi de
bulunmamakta ve nahiye niifusunun %91°i kamu su sebekelerine erisememektedir. Su temin altyapisi
yeterli degildir. Bundan dolayi, tiim su temin altyapisinin rehabilite edilmesi ve bakimlarinin
yapilmasina ihtiya¢c vardir. Daret Azza nahiyesindeki insanlar gelirlerinin %8-13 kadar kismini
giivenilmez su igin harcarken rejimin kontrolii altindaki bolgelerde yasayanlar gelirlerinin %0.5-1’ini
harcamaktadirlar. Bu nedenle, devlet dist silahli gruplarin kontroliindeki alanlarda yasayan insanlar,
ozellikle igme suyuna erisimde acil, stirdiiriilebilir teknik ve mali destege ihtiya¢ duymaktadirlar.
Anahtar kelimeler: Su arzi, Suriye krizi, su sistemi, Daret Azza
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Introduction

In recent years, water resources are under an increasing stress due to impacts
of climate change, population increase and economic development (Selek et
al.,2018).

Before the conflict of Syria at 2011, nearly 85% of the population in Syria
accessed well-developed, state-owned, and centrally-managed water systems. Most
of the water systems in rural Syria is defined as intermittent water supply on the
contrary millions of people throughout worldwide have access to water consistently
(Van den Berg et al, 2011). In the rural areas of Syria, piped water supply services
are considered as intermittent water supply (IWS), that means the water is available
only limited hours per a day (Ilaya-Ayza et al., 2017).

On the other hand, Syrian major cities only have sewage systems including
treatment plants while other parts of the country relied on simpler technologies. The
public institutions manage water systems in towns, cities and villages. About 85% of
the population of towns and cities in Syria obtained their water needs form public
water systems, on the other hand the others (about 20%) obtained potable water from
other water resources such as private water well, water tracking etc. An average
Syrian consumes drinking water about 100-200 liter/a day. The population in Daret
Azza subdistrict obtains water from deep water wells which supply with Syrian
standard on drinking water (SAOSM, 2007).

The Syrian conflict has enveloped the entire country and has led to socially,
economically and civilly mass-scale destruction at all levels of society. The conflict
has led to one of the worst humanitarian crises of modern history, leaving a particular
impact on the most vulnerable populations of women and children. The water
systems and wells have deteriorated drastically due to the conflict. Materials such as
diesel for generators, chlorine etc. for operating water systems healthy and efficiently
are extremely limited due to high prices and non-availability. Furthermore, during
the 2014 and 2015 season, Syria has experienced one of the worst droughts affecting
negatively all kinds of water systems of the last several years. Humanitarian
intervention has thus far largely focused on emergency response including water
trucking and the provision of bottled water.

It is estimated that 80% of water infrastructure in Syria is in need of
rehabilitation and maintenance (UN-OCHA, 2018; HNO, 2017). As a consequence
of the combined effect of infrastructure breakdown and scarce of water, an increasing
proportion of the population nowadays depends on trucked water, provided by both
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the public and private sectors, which are not regulated or resorting to unprotected
water sources, and have witnessed increases in prices.

Additionally, as a result of the lack of electricity in these cities, water stations
do not work, it is need to have diesel/fuel oil to operate them. The number of
displaced persons and communities in these cities and towns has increased day after
day as a result of the lack of potable water. On the other hand, the poverty level is
also rising and every family needs to have about 10-20$ monthly for purchasing
unsafe water. This amount in general is not available to Syrian poor people, as 80
percent of its population live at or below the national poverty line in Syria.
Moreover, the lack of electricity has had negative impacts across sectors, including
health, and water, sanitation and hygiene (WASH). Indeed, 13 million of Syrian
people have not chance to access permanently healthy water. The population, live in
areas that are out of control of the regime, often depends on water tanks and other
sources, supplied by private companies. This situation poses enormous financial
burden on Syrian households (UN-OCHA, 2018; HNO, 2017).

Similar to several other systems in MENA (Middle East and North Africa)
region, the water systems in Syria are characterized as being urban; modern and
extensive. Water and sewage networks require increased support to continue
providing a minimum level of services (UN-OCHA, 2017, HNO, 2016). The
assessment objectives may be summarized as given below.

e Define the worst communities in water and sewage sector which need
urgent technical and financial assistance.

e Drawing true picture about water infrastructure in the areas, out of the
Syrian regime control.

e Understanding the negative effects of the war on the water sector in the
areas out of Syrian regime control (UNICEF, 2017).

Methods

This research focused on Daret Azza subdistrict, located on Jebel Saman
district in Syria, and managed by Aleppo governorate, Non-State Armed Group
NSAG-controlled areas since the end of 2012 (Figure 1-2). Its population is about
109.612 people (47.637 internally displaced persons (IDPs), 61.975 local people) as
showed in the table 1 (IOM, NPM, 2017).
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Table 1
The Total Number of Population of Daret Azza Subdistrict Communities
Country  Governorate District Sub-district Community Number of
population
Syria Aleppo Jebel Saman Daret Azza Hur 3474
Syria Aleppo Jebel Saman Daret Azza Tqad 8067
Syria Aleppo Jebel Saman Daret Azza Arhab 3359
Syria Aleppo Jebel Saman Daret Azza Majbineh 2674
Syria Aleppo Jebel Saman Daret Azza Bsartun 5500
Syria Aleppo Jebel Saman Daret Azza Anjara 12.754
Syria Aleppo Jebel Saman Daret Azza Zarzita 4030
Syria Aleppo Jebel Saman Daret Azza Hoteh 8384
Syria Aleppo Jebel Saman Daret Azza Bshantara 1265
Syria Aleppo Jebel Saman Daret Azza Bishqatine 1174
Syria Aleppo Jebel Saman Daret Azza Kafrantin 225
Syria Aleppo Jebel Saman Daret Azza Qabtan 4811
Syria Aleppo Jebel Saman Daret Azza Daret Azza 43.320
Syria Aleppo Jebel Saman Daret Azza Deir Saman 7000
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Figure 1-2. Syrla map, Aleppo governorate and Daret Azza subdistrict location.

Theer system in Daret Azza subdistrict consists of the following parts:

e Mechanical devices: Horizontal and vertical pumps, generators, pips, valves,
chlorine dosing pumps.
e Civil infrastructure: ground water tank, high water tank, distribution rooms,
control rooms.

e Electrical infrastructure: Cables, transformer and control panels.

23



s.ozturk
Yapışkan Not
satır başı yapılacak



24

TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

SECD (Syrian Engineers for Construction and Development) organization
team collaboration with United Nations Children's Emergency Fund (UNICEF) and
Water, Sanitation and Hygiene (WASH) cluster/Turkey hub conducted a project for
technical assessment of water stations in Daret Azza subdistrict, and also SECD team
made a needs assessment for rehabilitation of its sewer system. The assessment of
water stations at Daret Azza subdistrict was conducted by five technical engineers of
SECD in the field.

SECD used the following simple equation which usually used by UNICEF
(UNICIEF, 2017) for assessment of water stations. This method is familiar in Syria
and most of water engineers use this equations for calculate the composite indicator.

Ie= WixI) + Wox1 + WiaxI3 + ... + WXy

Where Wy is a weight for the N component indicator (In), Ic is the composite
indicator and Wi + W2 + W3 + ... + Wx= 100% (UNICIEF, 2017).

For Daret Azza subdistrict, the water-supply infrastructure efficiency
(WSIE) can be calculated by the equation given below.

WSIE = (55%) mechanical devices efficiency+ (30%) civil infrastructure +
(15%) electrical infrastructure

The value of weight was calculated according to the cost and the importance
of the indicator. In general, for water station of Daret Azza the average cost of
rehabilitation of mechanical devices was about 55%, and the cost of rehabilitation
civil infrastructure was about 30%, and the cost of electrical infrastructure related to
water stations was about 15%. Each indicator consists of many sub indictors:

e Mechanical devices consist of many sub indictors: Is there a stand-by
submersible pump(s) ready to use? The answer should be: yes or no.

o Is there a stand-by horizontal pump(s) ready to use? The answer
should be yes or no.

o Is there a stand-by chlorine pump(s) ready to use? The answer should
be yes or no.

o Does the submersible pump(s) functions? The answer should be yes
or no.

o Does the Horizontal/vertical pump(s) functions? The answer should
be yes or no.
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o

Does the generators functions? The answer should be yes or no.

Do the pipes and valve(s) functions? The answer should be yes or no.
Does the Horizontal/vertical pump(s) functions? The answer should
be yes or no.

Is there a submersible pump(s) ready to use? The answer should be
yes or no.

Is there a horizontal pump(s) ready to use? The answer should be yes
or no.

Is there a chlorine pump(s) ready to use? The answer should be yes or
no.

Is there a generator pump(s) ready to use? The answer should be yes
or no.

e Civil infrastructure consists of many sub indictors:

o

©)
@)

o

Does the ground water tank (s) functions? The answer should be yes
or no.

Does the high-water tank functions? The answer should be yes or no.

Does the distribution room(s) functions? The answer should be yes or
no.

Does the control room(s) functions? The answer should be yes or no.

e Electrical infrastructure consists of many sub indictors:

o

(@]

o O O O @)

o

Is there a stand-by cables (s) ready to use? The answer should be yes
or no.

Is there a stand-by transformer (s) ready to use? The answer should
be yes or no.

Is there a stand-by control panels to use? The answer should be yes
or no.

Does the cables (s) functions? The answer should be yes or no.

Does the transformer (s) functions? The answer should be yes or no.
Does the control panels s function? The answer should be yes or no.
Is there a sufficient cables (s) ready to use? The answer should be yes
or no.

Is there a sufficient transformer (s) ready to use? The answer should
be yes or no.

Is there a sufficient control panel? The answer should be yes or no.
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e Water System Efficiency (WSE) = (45%) mechanical devices
efficiency+(30%) civil infrastructure + (15%) electrical infrastructure +
(10%) Availability of technical people at a water station

e Maximum Production Capacity of Water Stations (MPCoWS) (m?/day): The
amount of water produced by all water wells if the water pump work about
16 hours per a day (it is assumed that all water stations are function).

e Maximum Amount of Water for Per Person (MAoWP) (I/person, day)
=Maximum production capacity x1000x 0.8/number of population.

e The Actual Average Water Consumption for Per Person (AAWCP)
(I/person, day) = the amount of water consumption per person per day.
SECDO team consulted the families, selected randomly lived in the target
location and reported the values about water uses. Before the crisis in Syria,
each people consumed about 80-150 liter /day of drinkable water. However,
after the Syrian crisis, the water consumption has been getting lower and
lower because of the scarcity of water and the extreme high water prices.

e Actual Production Capacity of Water Station (APCoWS) (m?/ day):
According to the lack of public electricity and diesel for the generator in
water station. In the water stations, water does not produced stably so the
value of APCoWS is equal to 0 when there is not public electricity and
diesel for the generator in water station, and sometime its value equal to
MPCoWS.

Results

SECDO team during October and November of 2017 conducted the work for
the understanding of sewerage and water system infrastructures that were located in
Daret Azza district. The results of the assessment are shown in the tables 2, 3 and 4.
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Table 2
The Technical Assessment Results for Sewer Network of Daret Azza Subdistrict
Communities

Community % of people Amount of Percent Existence  Registered
served by public Wastewater amount of of WWTP  cutaneous
Sewer network  (m’/day) treated (Yes/No) leishmaniasis
wastewater Cases during
(%) 2017 (ACU,
EWARN 2017)
Hur 77% 133.4 0 NO 89
Tqad 82 3743 0 NO 117
Arhab 72% 137.0 0 NO
Majbineh 65% 109.1 0 NO
Bsartun 82% 193.6 0 NO
Anjara 83% 581.6 0 NO 183
Zarzita 0% 154.8 0 NO
Hoteh 68% 288.4 0 NO 6
Bshantara 69% 52.6 0 NO
Bishqatine 72% 49.8 0 NO
Kafrantin 0% 8.8 0 NO
Qabtan 83% 234.8 0 NO 205
Daret Azza 89% 2218.0 0 NO 371
Deir Saman 73% 274.4 0 NO

Note. Amount of Wastewater (m’*/day)=0.8 xnumber of population x the average water consumption
(V/person. day)/1000, WIWTP= wastewater treatment plant.

Note '. This value for only 11 weeks and the other value cover all 2017
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1-100% of wastewater do not be treated because there is not a wastewater plant.
Therefore, the cutaneous leishmaniasis is disseminated through country. Ground
water are also polluted. According to ACU Reports, there were totally 14.536
patients with waterborne diseases and 971 patients with cutaneous leishmaniasis in
Daret Azza subdistrict during 2017 . Local council and any nongovernmental
organizations of NSAG-controlled areas do not have enough financial and technical
resources for constructing wastewater treatment plant (ACU, EWARN 2017).

2-All sewer network is functioning, but there is a need to rehabilitate most of them.
Additionally, Kafrantin and Zarzita communities do not have sewer network, so day
by day, the water resources are getting polluted more and more.

3-The WNC values are about 0% (which mean there is not water network) and 91%
of the houses of the communities have not access to the public water network.
Zarzita, Deir Saman and Kafrantin communities till now (30.12.2017) did not have
water supply network. Therefore, it is so important to construct new water systems in
the locations which did not have any water supply networks or had dysfunctional
networks, and also to extend to the areas that did not have this system.

4-WSIE 1is about 0% (which mean there is not water station because some
communities in Syria do not have water station till now, and the people get obtain
water from other communities) to 71%. Water-supply infrastructure in Daret Azza
subdistrict should be rehabilitated and maintained, but the local authorities of Daret
Azza do not have enough financial resources for making necessary rehabilitation.
SECD, World Vision International (WVI), and other non- government organizations
(NGOs) worked in Daret Azza for solution of water issues. Similarly, they also do
not have enough financial resources to fix all the problems related to water system.

5-AAWCP (I/person.day) is about 44-64 liter/day. It is similar to the value in the
export of WoS-WASH Clusters which the average number of water consumption of
each person in Daret Azza subdistrict is explained as 61.73 liter /day.

6-MAoWP (l/person.day) values for Daret Azza communities are various among 0
(for the communities no having water stations) and the maximum value with 381.3
liter (I/person.day). This indicator is very important to determine their needs to
establish new water stations. [f MAoW value should be less than 50 liter/person,
there will be a need to construct a new water station. Therefore, Deir Saman village
urgently needs a new drinkable water resource. Most of water stations has not
produced water because of lack of electricity and diesel for the generators replaced in
water stations. In addition to, local councils and water units do not have enough
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financial resources for covering the operating costs of supplying water. On the other
hand, a number of NGOs have supported certain local councils and water units such
as Bsartun and Hur etc. By this way, they may provide potable water for their
people, and the others such as Deir Saman, Daret Azza may conduct recovery costs,
even if just drop. After all, water units and local councils in Daret Azza have needed
uninterrupted support, as 85% of Syrian people has lived under the poverty line
according to OCHA reports.

7-The cost of 1 m? by water trucking in Daret Azza communities is between 0.249-
1 $ while in the regime-controlled areas, it is about 0-0.13 $/m* (MoWR, Order 894,
2014). Because the fee for water supplying service is determined by government. On
the other hand, this water is not healthy, as it has not be disinfected. In parallel with
this, the indicator of water disease born of Daret Azza is getting higher and higher
according to reports of the 3Early Warning Alert and Response Network Program
(ACU, EWARN 2017).

8-COS of 1 m?® of drinking water by public water network in Daret Azza
communities is between 0.92-1.4 $. (Figure 5). Contrarily, this water is healthy
depending on many factors: the depth of ground water table, the length of water
networks etc. The maximum value of COS in Daret Azza and Tqad is shown as
Figure 6. Because the ground water table level is too high, and the dynamic level in
these communities is about -450 m.

3 Surveillance is a systematic and continuous collection of epidemiological health data within a specific time frame,
and therefore the interpretation and dissemination of such information in the field of public health. Surveillance is
essential in the planning, implementation and evaluation of public health practices. The Early Warning Alert and
Response Network is a simplified disease surveillance system created in the affected north of Syria after the
collapse of the health system in mid-2013.
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AAWCP (liter/day) WSIE (%)

0 20 40 60 80 0 20 40 60 80 100
M Deir Saman M Daret Azza M Deir Saman M Daret Azza
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Figure 3. AAWCP (Iperson.day) of Daret Azza Figure 4. WSIE (%) of Daret Azza subdistrict
subdistrict communities. communities.

11%

18%

59%

10%

m cost of Fuel = cost of oil = cost of chlorine = cost of workers = cost of maintenance

Figure 5. The cost segregation of supplying 1 m? of drinking water by public water network of Daret
Azza communities.
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Figure 6. The cost of supplying 1 m® of drinking water by public water network and the cost of buying
1m? by water tracking.

9-The people of Daret Azza communities spends about 8-13% of their income for
buying unsafe water. The amount is so high for them as shown in Figure 7. The
people living in the regime controlled areas spends about 0.5-1% of their income, as
fee for water supplying services is determined as 0-0.13 $/m?® by the government
‘Before 2011, most of Syrian people spends about 0.3-1% $/m?, so the people in
NSAG and potable water sectors need uninterrupted financial and technical supports.

Percentage of income spending by poeple for buying water
14%

12%
10%
8%
6%
4%
2%
0%
1

o Hur m Tgad m Arhab Majbineh ® Bsartun
= Anjara m Zarzita m Hoteh m Bshantara m Bishgatine
® Kafrantin ® Qabtan Eljabal ™ Daret Azza ™ Deir Saman

Figure 7. The percentage of income spending by people for buying water by track in Daret Azza
subdistrict communities.

33




34

TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

Conclusion

The assessment showed that the people in NSAG-controlled areas needs
urgent and sustainable technical and financial supports, especially for obtaining
drinking water. The unhealthy water which is supplied by water tracking is the root
cause of high WDB during 2017. 14.536 patients with WDB was registered in
2017. Additionally the untreated wastewater of Daret Azza subdistrict is one of the
cause of cutaneous leishmaniasis during 2017.
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Extended Turkish Absfract
(Genisletilmis Tiirkce Ozet)

Suriye Krizi, Devlet Dist Gruplarin Kontrolii Altindaki Bélgelerde icme Suyu Verimliligini
Nasil Etkiliyor

Suriye’deki savas modern tarihin en kotii insani krizlerinden birine yol agmustir. Tiim tilkeyi saran
savas toplumun her seviyesinde ve 6zellikle en savunmasiz grup olan kadinlar ve ¢ocuklar iizerinde en
biiyiik olumsuz etkiyi yaparak sosyal ve ekonomik alanlar ile alt yap1 sistemlerinde kitlesel 6lgekte
yikima yol acmigtir. Su sistemleri ve kuyular biiylik 6l¢iide zarar gdrmiistiir. Su temin sistemlerini
isletmek igin gerekli olan jenerator, klor vb. gibi techizat ve kimyasallarin fiyatlarinin yiiksek olmasi
ve yeterince bulunamamasi nedeniyle saglikli ve kesintisiz su arzi son derece sinirlidir. Ayrica, son
birka¢ yilda, Suriye’de, her tiirlii su sistemini olumsuz etkileyen en siddetli kurakliklar yaganmustir.
Ulkeye yapilan insani yardimlar acil ihtiyaclara odaklanmis, halkin su ihtiyaci tankerler ile tasinan
veya siselenmis sularla karsilanmistir. Bunun nedeni ise Suriye'deki su temin altyapisinin %80'inin
rehabilite ve bakima ihtiyact oldugunun diisiiniilmesidir (UN-OCHA, 2018; HNO, 2017). Ulke
niifusunun biiyiik ¢ogunlugu su temin altyapisinin ¢okmiis olmasi ve su kitligi yasanmasinin birlesik
etkisi sonucu giiniimiizde, kamu ve 6zel sektor tarafindan kamyonlarla tasman ve hijyenik olmayan
suyu kullanmaktadir. Su ve kanalizasyon sebekelerinin, asgari diizeyde hizmet verebilmeleri i¢in daha
fazla teknik ve mali destege ihtiyac duyulmaktadir (UN-OCHA, 2017, HNO, 2016). Suriyeli
Miihendisler insaat ve Gelistirme Organizasyonu (SECD), UNICEF ve Su, Sanitasyon ve Hijyen
(WASH) ckibi, Daret Azza alt bolgesinde su istasyonu teknik degerlendirmesi igin bir proje
ylrlitmistiir. S6zkonusu ihtiyaglari belirlemek amaciyla yiiriitiilen bu projenin alt hedefleri asagida
siralanmaktadir:

1. Su ve kanalizasyon agisindan acil teknik ve mali destege ihtiyag duyulan bolgeleri
belirlemek,

2. Suriye rejimi kontroliinde olmayan bdlgelerin su ve kanalizasyon sebekelerinin gercek
tablolarin1 ortaya ¢ikarmak,

3. Suriye rejimi kontrolii disindaki bolgelerde savasin su sektori iizerindeki olumsuz etkilerini
anlamak (UNICEF, 2017).

SECD ekibi, kanalizasyon sisteminin rehabilitasyonu i¢in bir ihtiya¢ degerlendirmesi yapmuistir.
Bu arastirma Suriye'nin Jebel Saman ilgesinde bulunan ve Halep Valiligi tarafindan yonetilen Daret
Azza alt bolgesine odaklanmistir. Halep Valiligi’nin yonetimdeki Daret Azza nahiyesindeki en kotii
durumda bulunan topluluklart belirlemistir. Daret Azza alt bolgesinde yer alan su sistemi asagidaki
kisimlardan olugmaktadir:

I- Mekanik cihazlar: Yatay ve dikey pompalar, jeneratdrler, borular, vanalar, klor dozaj
pompalart

2-  Sivil altyap1: yeralti su deposu, yiiksek su deposu, dagitim odalari, kontrol odalar1

3-  Elektrik altyapist: Kablolar, trafo ve kontrol panelleri

SECD ekibi, su istasyonlarinin degerlendirilmesinde UNICEF (UNICIEF, 2017) tarafindan
kullanilan asagidaki basit denklemi kullanmistir. Bu denklem Suriye'deki su miihendislerinin ¢ogu
tarafindan kompozit gostergeyi hesaplamak icin kullanilmaktadir.

Ie= WixIi + Wax12 + WaxIz + ... + WnxIn,
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(Ic) kompozit gostergesi= W1 + W2 + W3 +... + WN (WN): Nth’nin agirlik degeri (In): bilesen
gostergesi =% 100 (UNICEEF, 2017).

Daret Azza alt bolgesi i¢in Su tedarik altyapist verimliligi (WSIE) su sekilde hesaplanabilir:

WSIE = (% 55) mekanik cihazlar verimliligi + (% 30) sivil altyapt + (% 15) elektrik altyapisi.

Agirlik degeri, maliyete ve gostergenin dnemine gore hesaplanmistir. Daret Azza su istasyonu
icin mekanik cihazlarin ortalama rehabilitasyon maliyeti yaklasik %55, rehabilitasyon sivil
altyapisinin maliyeti yaklasik %30, su istasyonlart ile ilgili elektrik altyapisinin maliyeti yaklasik
%15°dir. Her gosterge birgok alt gostergeden olusmaktadir. Yapilan hesaplamalar ve c¢aligmalar
neticesinde; asagidaki sonuglara ulagilmistir.

1.

Atik su tesisinin olmamasi nedeniyle atik suyun %100t aritilamamaktadir. Bu nedenle,
kutandz leishmaniasis hastalig1 iilke c¢apinda yayilmaktadir. ACU raporlarina gore, 2017
yilinda Daret Azza alt bdlgesinde, su kaynakli hastaliklari olan toplam 14.536 hasta ve
kutandz leishmaniasisli 971 hasta kaydedilmistir. Ayrica, yeraltt sular1 da kirlenmistir.

Tim kanalizasyon sebekesi calismaktadir, ancak bunlarin ¢ogunun iyilestirilmeye ihtiyact
bulunmaktadir. Fakat Kafrantin ve Zarzita topluluklarinin kanalizasyon sebekesi yoktur, bu
ylizden her gegen giin su kaynaklar giderek daha fazla kirlenmektedir.

WNC degerleri yaklasik % 0'dir (yani su sebekesi yoktur) ve s6z konusu topluluklarin % 91'i
kamu su sebekesine erisememektedir. 30.12.2017 tarihi itibar1 ile Zarzita, Deir Saman ve
Kafrantin topluluklarinin su sebekesi yoktur. Bu nedenle, herhangi bir su sebekesi
bulunmayan veya ¢alismayan yerlerde yeni su sistemleri inga etmek ¢ok dnemlidir.

WSIE %0 civarindadir (yani su istasyonu bulunmadigi igin, Suriye'deki bazi topluluklar,
diger topluluklardan su temin etmektedir). Daret Azza alt bolgesindeki su temin altyapisinin
%71’nin iyilestirilmesi gerektigi halde, yerel yetkililerinin rehabilitasyon igin yeterli mali
kaynag1 bulunmamaktadir.

AAWCP (1/insan*giin) yaklagik 44-64 litre/giindiir. WoS-WASH Kiimelenmelerinin
raporundaki deger ile Ortiismekte, Daret Azza nahiyesindeki her bir kisinin ortalama su
titketimi 61.73 litre/giin olarak agiklanmaktadir.

Dema Azza topluluklart icin MAOWP (1/ insan*giin) degerleri en az 0 (su istasyonu
bulunmayan topluluklar i¢in) ve en ¢ok 381,3 litre (1/insan*giin) arasindadir. Bu gosterge,
yeni kurulacak su istasyonlarmin ihtiyaglarini belirlemek igin ¢ok onemlidir. MAOW
degerinin 50 litreden az olmasi durumunda, yeni bir su istasyonu insa edilmesine ihtiyag
olacaktir. Bu nedenle Deir Saman koyiiniin acilen yeni bir su istasyonuna ihtiyact vardir.
Daret Azza topluluklarinda 1 m®liik su temininin maliyeti, rejim kontrolii disindaki
bolgelerde 0.249-1 $ arasinda iken, rejim kontrolii altindaki bolgelerde yaklagik 0-0.13 § /
m?'tiir (MoWR, Order: 894, 2014). Diger taraftan, rejim kontrolii disindaki bolgelere temin
edilen su dezenfekte edilmedigi i¢in saglikli degildir. Daret Azza'dan ortaya ¢ikan sudan
kaynaklanan hastalik gdstergesi, Erken Uyar1 ve Miidahale Ag1 Programi raporlarina gore
daha yiiksektir (ACU, EWARN 2017).

Daret Azza topluluklarmda kamu su sebekesinden saglanan 1 m? igme suyunun COS degeri
0.92-1.4 $ arasindadir. Su yeralt1 suyu tablasinin derinligi, su aglarmin uzunlugu vb. birgok
faktore bagli olarak sagliklidir.

Daret Azza halki gelirlerinin % 8-13"linii gilivensiz su satin almak icin harcarken, rejime
dayali bolgelerde yasayan insanlar ise gelirlerinin yaklasik % 0,5-1'ini su i¢in harcamaktadir.
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Bu sonuglardan da anlagilacagi tizere, NSAG ve igme suyu sektorlerindeki insanlar kesintisiz mali
ve teknik desteklere ihtiyag duymaktadir. Bu nedenle, devlet dist gruplarin kontroliindeki alanlarda
yasayan insanlar, Ozellikle igme suyuna erisimde acil, siirdirilebilir teknik ve mali olarak
desteklenmelidir.
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Abstract

The undisputable significance of water resources necessitates solving problems related to the amount
and distribution of water. However, existing methods and the outcomes obtained via these methods are
continuously criticized and do not meet the expectations in terms of reliability. On the other hand,
increasing need to plan water resources and lack of alternative methods to determine the water potential
in areas where flow measurement does not exist make it impossible to evade dependency on these
methods. With this purpose generated flexible, comprehensive and reliable runoff distribution map was
formed on the basis of weighted overlay in parallel to impact degrees of effective parameters. The
calibration of the obtained map was done on the basis of pixels based on both theoretical and empirical
data. As a result of the analyses, it was seen that an accurate runoff distribution model that fully reflects
the characteristics of the field can only be developed by calibrating it based on the real flow data
obtained from remote sub-basins that are free from external interventions. It would be impossible to
free the theoretical approaches from errors since these approaches are related to amount of water which
has an active nature and interacts with factors that are beyond measure. As a result of implementing the
method on Ergene River Basin, the sample basin, a surface runoff volume of an
averagel83,45mm/year/m?, i.e. a total of 2100000000m?3/year +2% was obtained for the basin and this
result has at least 27% difference from the results obtained with existing methods.

Keywords: Surface runoff, runoff modeling, runoff distribution, water potential, Ergene

River Basin
Oz

Su kaynaklarinin tartismasiz énemi bu maddenin miktar ve dagilisina dair problemlerin ¢oziilmesini
zorunlu kilmaktadir. Ancak mevcut yontemler ve bu yontemlerin verdikleri sonuglar siirekli olarak
tenkitlere maruz kalmakta, giivenilirlik agisindan beklentiyi karsilayamamaktadir. Buna karsilik su
kaynaklarmin planlanmasi hususunda her gecen giin artan zaruret ve akim Sl¢limiiniin bulunmadigi
alanlarin su potansiyelini belirlemenin baska bir yolunun olmayis1 s6z konusu yontemlere bagimliliktan
kurtulmay1 imkansiz hale getirmektedir. Dolayisiyla esnek, kusatici ve giivenilir bir ylizeysel akis
dagilis modeline olan ihtiyag¢ su kaynaklarinin sevk ve idaresi konusundaki en temel meselelerden
biridir. Bu amagla dncelikle yiizeysel akisa etki eden parametreler lizerinden bir sayisal akis dagilis
haritasinin olusturulmasi, ardindan da bu haritanin en dogru sonuca ulasacak sekilde kalibre edilmesi
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temelinde bir model gelistirilmeye ¢alisilmigtir. Akis dagilis haritasi etken parametrelerin etki dereceleri
parelelinde agirlikli gakistirma eksenli olarak sekillendirilmistir. Sonugta elde edilen haritanin
kalibrasyonu ise hem teorik hem de ampirik verilere gore piksel bazli olarak yapilmistir. Biitiin
analizlerin neticesi olarak dogru bir akis dagilis modelinin ancak sahanin 6zelliklerini tam olarak
yansitan bir akis dagilis haritasinin dis miidahalelerden uzak alt havzalardan elde edilecek reel akis
verilerine gore kalibre edilmesiyle sekillenebilecegi anlasilmistir. Cilinkii hareketli bir dogasi olan ve
sayilamayacak kadar ¢ok faktorle etkilesim halinde bulunan suyun miktarina dair teorik yaklagimlarin
hatalardan arindirtlmasi miimkiin olmayacaktir. Metodun 6rnek havza olan Ergene Nehri Havzasinda
uygulanmasi sonucunda mevcut yontemlerin verdikleri sonuglar ile en az %27 oraninda fark icerecek
sekilde havza i¢in ortalama 183,45mm/y1l/m? yani toplam 2100000000m?/y1l seviyesinde bir ytizeysel
akis hacmine ulasilmistir.

Anahtar kelimeler: Yiizeysel akis, akis modelleme, akis dagilisi, su potansiyeli, Ergene Nehir
Havzasi

Introduction

It is crucial to plan and utilize water, which is one of the prerequisites for the
existence of living creatures, in an extremely meticulous manner due to increased
demands for its use, irregularities in its regional and seasonal distribution and its nature
that is not unlimited.  Supply and demand equilibrium is one of the prominent
instruments that will guide this process. Therefore, existence and accuracy of the data
for water distribution and amount which are the basic dynamics of water demand play
a determinative role in taking well directed steps in water resources management. It is
undisputable that errors and drawbacks in this regard will disrupt all the work in this
area.

While it is possible to date the work in the field of hydrology way back to the
history of humanity, the literature in the field started to shape with Halley’s work
(1694) in regards to measurement of evaporation from water surfaces and Dalton’s
(1802) work in measuring basin-based evaporation and permeability. During the first
part of the 20" century, with Horton’s works (1935; 1938; 1939), surface runoff
calculations based on the relationship between infiltration capacity and surface runoff
started to take place. Later, surface runoff modeling, that structurally matured with the
works of Thornthwaite (1944; 1948), Penman (1948), Blaney and Criddle (1950;
1962), Thornthwaite and Mather (1955; 1957), presented an integrated outlook with
the work and calculations on evapotranspiration for a long time (Makkink, 1957;
Jensen and Haise, 1963; Baier and Robertson, 1965; Priestley and Taylor, 1972;
Doorenbos and Pruitt, 1975; 1977; Hargreaves and Samani, 1982; 1985; Shuttleworth
and Wallace, 1985; Jensen et al., 1990; Cohn et al., 1997; Alexandris et al., 2006).
However, flow calculations and modeling were separated from one another as
independent areas during the process. While studies by Jury and Tanner (1975), Allen
and Pruitt (1986), Allen et al. (1998), Samani (2000), Irmak et al. (2003), Trajkovic
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(2007), Jabulani (2008), Fooladmand and Ahmadi (2009), Jensen (2010), Lima et al.
(2013), Rao et al. (2014) and Feng et al. (2017) aimed mainly to develop
evapotranspiration calculation methods on one hand, flow data continued to be
generated on the other. Evapotranspiration-surface runoff relationship, which
indirectly continued to be taken into consideration in implementations, has been a
medium through which science is generated in the framework of assessments in the
form of continuous comparison of methods (Cruff and Thompson, 1967; Grace and
Quick, 1988; Allen, 1993; McKenney and Rosenberg, 1993; Xu and Singh, 2000;
2002; Alexandris et al., 2008; Irmak et al., 2008; Weib and Menzel, 2008; Mohawesh,
2011; Sammis et al., 2011; Shahidian et. al., 2012; Tukimat et al., 2012; Lingling et
al., 2013; Jensen, 2014; Callistus, 2015; Pereira et al., 2015; Cobaner et al., 2016).
Studies towards narrowed targets increased in the name of protecting data integrity
especially when Geographical Information Systems were started to be used and studies
on evapotranspiration calculation started to become separate in the natural course of
the process (Dockter, 1994; Zhou et al., 2006; Foolandmand, 2011; Diouf et al., 2016;
Morales Salinas et al., 2017). Later, studies on determining water balance undertaken
mainly to identify the need for agricultural water (Blaney and Criddle, 1950; 1962;
ASCE, 1990; Baldwin et al., 2002; Neitsch, 2011) transformed into practices to
calculate surface runoff distribution (Berry and Sailor, 1987; Drayton et al., 1992;
Mattikalli et al., 1996; Gitika and Ranjan, 2014; Gajbhiye, 2015). While some of these
practices gravitated towards analyses based on Lidar images (Pagh et al., 2005;
Gonzalez Jorge et al., 2015), some presented new examples in the framework of
methods such as existing Thornthwaite (1948) (Singh et al., 2004), Thornthwaite and
Mather (1955; 1957) (Roy and Ophori, 2012) and USDA (1986) Curve Number
(Sharma and Singh, 1992; Khatun, 2016; Vojtek and Vojtekova, 2016; Kaletova and
Nemetova, 2017).

While today runoff calculations based on direct precipitation-runoff
relationship are conducted (Nash and Sutcliffe, 1970; Lane, 1984; Ranzi et al., 2003;
Reintjes, 2004; Liebe et al., 2009; Tedela, 2012; Poullain, 2012; Idowu et al., 2013;
Kellagher, 2013) surface runoff and water balance modeling (Thornthwaite, 1948;
Thornthwaite and Mather, 1955; 1957; SCS; 1986; Xu et al., 1996) are still in practice.
These models and calculations are often used in various fields and for varying purposes
such as effects of climate change (Gleick, 1986; 1987; Schaake and Liu, 1989; Arnall,
1992), underground water balance and flow (Sauer and Ries, 2002; Tstsumi et al.,
2004; Stanton et al., 2013), amount of permeability (Zimmermann, 2006), erosion
(Knisel, 1980), basic flow (Santhi et al., 2008), soil moisture (Pastor and Post, 1984),
flood risk (Hewlett and Hibbert, 1966; Borga, 2002; Tayfur and Moramarco, 2008)
and drought risk (Majumder and Sivaramakrishan, 2016). However, a great deal of
work which criticizes, critiques and corrects the existing water balance identification
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methods is noteworthy (Lane, 1984; Calvo, 1986; Klemes, 1986; Steenhuis and Van
der Molen, 1986; Wilcox et al., 1990; Xu and Vanderwiele, 1994; Ponce et al., 1996;
Xu and Singh, 1998; Xu, 1999a; Beven, 2000; Xu and Singh, 2005; Black, 2007). This
observation points to nonexistence of a single model that can perfectly explain runoff
(Harssema, 2005) and at the same time clearly shows that existing methods and models
are not satisfactory. The fact that even the SCS-CN model, the most commonly and
often used method is far from solving problems (Rallison and Miller, 1982) since it
does not have the ability to keep pace with the variables to solve hydrologic problems
in wide and heterogeneous areas due to its simplicity shows that this issue is yet to be
solved.

Problem Statement

Runooff models can roughly be categorized into two as lumped or distributed
or deterministic or stochastic (Harssema, 2005). The opposite of lumped model that
treats the whole basin as a single unit and presents it with a single average value is the
distributed model that represents the basin with the value of grid based variables.
Along the same lines, the opposite of the stochastic model that addresses the probable
range of input-output balance is the deterministic model which is used in many runoff
models and refers to the constant value that corresponds to a variable (Ward and
Robinson, 1990; Beven, 2000; Rientjes, 2004; Harssema, 2005). Although it is
systematically possible to make such an assessment, it should be remembered that this
is problematic with many aspects from the parameters taken as basis to the period of
calculation, from the dimensions of the study area to variability of calibration.

The first issue that should be emphasized in relation to the inadequacy of
existing methods is the issue of what calculation methods or models actually aim. At
this point, the models that aim to determine agricultural water necessity and the models
to determine underground water irrigation or models that set out to present water
balance with flood risk after precipitation will not reach the same conclusions by
identifying the same route and methods and therefore they will not be able to solve the
same problem and use it for the same purpose. Along the same lines, difference of
period in models or calculations is another area which causes separation of techniques.
The runoff that occurs after the precipitation that is sought in precipitation-runoff
equations is a completely specific event and it is only relevant for the time and location
for which the calculation is undertaken. Generalizing such data will cause serious
errors. The same can be observed between models that depend on daily climactic data
which make it impossible to study in wide areas and models that depend on monthly
data. There can be very distinct anomalies between daily and monthly data and the
core of planning is the monthly data, i.e. the regime of annular average.
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Similar to differences in results in data due to differences in periods, there are
differences in results in data resulting from the differences in area. The main reason
for this is the lack of homogenous distribution of runoff in almost any of the basins. It
is a dire error to interpret the data obtained at the level of points to include the whole
area or whole basin by putting aside the fact that each point and each pixel in the model
has unique conditions. Each point has its own conditions in terms of the parameters in
the model and reflects a different level of relationship with surface runoff based on the
impact level of the parameters. Hence, accurately identifying the runoff distribution
design that demonstrates heterogeneous conditions almost everywhere will make it
possible to present the specific runoff dynamics for the whole basin or area or its
sections or sub units. At this point, it is crucial to determine effective parameters and
compare their impact values.

The process of identifying the parameters in the model starts with eliminating
the confusion in relation to goals and period. Although very different parameters such
as infiltration capacity and permeability values (Horton, 1935; 1938; 1939;
Brakensiek, 1955), precipitation (Snyder, 1963; Fiering, 1967; Tuffuor and Labadie,
1973; Kuczera, 1982; Gabos and Gasparri, 1983), precipitation and temperature
(Thornthwaite and Mather, 1955; Palmer, 1965; Thomas, 1981; Alley, 1984), monthly
precipitation and potential evapotranspiration (Pitman, 1973; 1978; Van der Beken and
Byloos, 1977; Roberts, 1978; 1979; Krzystofowicz and Diskin, 1978; Hughes, 1982),
daily precipitation and potential evapotranspiration (Haan, 1972; Kuczera, 1983),
interception (Mulder, 1985), land use (Bultot et al., 1990; Bhaduri et al., 1997; 2000;
Krause, 2002), land use and soil texture (Lane, 1984; Liang et al., 1994), lithology,
land use and soil texture (Westenbroek et al., 2010) and geographical and geological
characteristics, land use and climactic characteristics (Nielsen et al., 1973; Ries, 1990,
Neitsch et al., 2011) are taken as basis for calculations and model development in
various studies; comprehensive and satisfactory results have not been achieved. It was
expressed that all runoftf models, even the models that include nine (Langford et al.,
1978) or eleven (Salas et al., 1986) parameters are full of errors (Cowen, 1957,
Mockus, 1964; Kent, 1966; 1973; Rallison and Miller, 1982; Harssema, 2005; Tayfur
and Singh, 2011).

It 1s possible to classify the parameters that affect precipitation primarily as
meteorological factors such as type, amount, density, distribution and duration of
precipitation, storm destination, soil moisture based on precipitation, temperature,
wind, relative humidity and seasons and physical factors such as land use, flora, soil
type, drainage area, basin geometry, elevation, slope, topography, aspect, drainage
network and reservoirs (Arnold et. al., 1999; USGS, 2017). Data related to special
conditions such as soil texture, underground water table and underground water depth
(Batelaan and Smedt, 2007) and snowfall, cumulative snow, snow melt and actual
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evapotranspiration (Xu, 1999b) can be added to these conditions. All these climactic
and surface data can be assessed in conjunction with each other with the help of
Geographical Information Systems to identify the distribution characteristics of
precipitation that presents a complex design at the surface (Batelaan and Smedt, 2007;
Gajbhiye, 2015). Despite problems of all types, some reasons increase dependency for
these models such as abundance of basins for which no flow measurements are taken
and the fact that runoff models generate more accurate data compared to river flow
measurements in regards to surface runoff, changes in soil moisture,
evapotranspiration and underground water irrigation-discharge values (Gleick, 1987).
As a result, in addition to increasing the number of observation stations; various
alternatives such as creating computer software to develop existing models and
calculations, produce new models and facilitate the use of existing models continue to
be presented and attract attention (Stone, 1988; Birsoy and Olgen, 1992; Westenbroek
et. al., 2010; Dogdu, 2011).

Method

Generally, all modeling based on empirical and/or physical data is composed
of hypotheses expressed as mathematical estimates of effective elements (Beven,
2000). However, the existence of factors -the numbers of which are difficult even to
specify- that affects water potential shows the fact that assumptions or generalizations
in such models are inevitable. Considering the essentiality that each assumption should
be recognized or based on knowledge to ensure that the theory will be taken into
consideration, it is crucial to prove that results are produced in a specific confidence
interval. Therefore, forming a methodological framework depends on a delicate
balance among many issues each of which is significant enough to affect results, from
identifying data that will form the basis of theory or model to establishing an accurate
relationship among them, from ensuring the ability to revise the mode based on
conditions to producing field specific results that fit a definitive confidence interval.
At this point, the first step in the study was the identification of the basic components
that affected the distribution design regarded as the foundation.

Without doubt, basins that should be regarded as unique hydrological units in
terms of runoff dynamics include many characteristics that shape the runoff
distribution design in their own conditions. While some of them are more dominant
and determinative of the basic pattern, some others have relatively lower impact
capacity. For instance, it would be unnecessary to take the lithological data of the field
into consideration while identifying the runoff design in a basin composed of
homogeneous alluvial deposition areas in terms of lithology. Hence, parameters that
direct the runoff design in terms of study area will demonstrate differences based on
field conditions.
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For this study; precipitation and potential evapotranspiration values in mms.,
hydro-geological structure, land use, soil types, slope and soil texture data were
obtained from the sample field site Ergene River Basin (NW Turkey) (Table 1).
ASTER GDEM V2 with 15m resolution digital elevation model (METI&NASA) was
utilized in relief based analyses. Filed conditions played a direct and complete role in
identifying which parameters to be taken into consideration. On the other hand, the
rate of parameter impact on runoff and impact coefficients of units included on the
database of parameters on runoff distribution design were determined based on
reference work in literature related to the field and units (Horton, 1932; 1945;
Langbein, 1947; 1949; 1980; Strahler, 1952; 1957; Ardel, 1957; 1965; Melton, 1957;
Kurter, 1963; Yalc¢inlar, 1968; Eagleson, 1970; Fleming, 1975; Warnick and Nielsen,
1980; Verstappen, 1983; Atalay, 1986; Chow et al., 1988; Miller, 1990; Ozer, 1990;
Bayazitetal., 1991; Dumlu et al., 2006; Hosgoren, 2012; Karatag and Korkmaz, 2012)
in addition to expert views focused on determining the relative relationship among
units (Table 1). The obtained multiplier values were transformed into a quantitative
surface runoff distribution map with the help of weighted overlay method (Clerici et
al., 2002; Saha et al., 2002; Esri, 2017) based on conditions related to identifying
impact factor levels with theoretical classification of effective elements. At this point,
it is evident that abundance of units as multipliers will reduce error amplitude and
enhance reliability of results. However, since impact values assigned while generating
the afore-mentioned digital map did not have real numerical equivalents, it should be
remembered that the obtained map is a relative digital runoff distribution design map
in need of calibration.

Data included in the table in relation to precipitation and potential
evapotranspiration were compiled from the records at the meteorology stations in the
study area (Turkish State Meteorological Service, 2016) and their equivalents
reproduced by spreading the elevations of these records to specific benchmarks
(Schreiber, 1904). Thornthwaite (Thornthwaite and Mather, 1957) method was
utilized to obtain potential evapotranspiration data. Data from the enlarged climactic
data points in the basin were taken as basis to determine potential evapotranspiration
values for each point. Later, both precipitation and potential evapotranspiration data
in point based form were interpolated to obtain weighted distribution maps for both
climactic parameters. ArcMap Geostatistical Wizard-CoKrigging (Esri, 2013) device
was used for interpolation process by taking both point based climactic data and areal
climactic data zones divided according to elevation levels into consideration. As a
result, quantities in the obtained maps were classified to generate five impact classes
and each was assigned a value of coefficient “3” by observing that precipitation and
potential evapotranspiration were the dominant parameters that affected runoff in the
study area (Table 1).
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Table 1
Classes and Impact Values Used in Weighted Overlay Method

Impact Multiplier

Parameter Classification Coefficient Value Effect
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9
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Land Use
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[

Soil Type

20 +

15-20
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Rocky
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Hydro-geological units in the field were classified into five relative classes
among themselves based on their porosity and permeability characteristics and their
support for surface runoff. Similarly, land use design and distribution of soil types in
the basin were classified into five classes each based on their relative contribution to
surface runoff and “2” was assigned as coefficient for each of these three parameters
(Table 1). When basin conditions are taken into consideration, the impact of these three
parameters on surface runoff in the basin is lower than that of precipitation and
potential evapotranspiration but higher than that of slope characteristics and soil
texture. Slope values and soil texture classified into five among themselves were
assigned a coefficient of “1” and it was ensured that they were determinant
corresponding to the level of their impact while generating the surface runoff
distribution map (Table 1). Since characteristics related to precipitation, potential
evapotranspiration, slope values and soil texture were divided into equal or equivalent
numerical categories, the impact values of units in these parameters were assigned in
accordance with their quantities. Units for hydro-geology, land use and soil types were
assigned impact values based on their characteristics emphasized in literature related
to the field (Ardel, 1957; 1965; Kurter, 1963; Yalginlar, 1976; Ardos, 1995; Pelen et
al., 2003; Horvat and Rubinic, 2006; General Directorate of Mineral Research and
Exploration, 2006; Aksoy, 2007; Aksoy et al., 2007) and their relative impact rates on
surface runoff based on the relationships among these characteristics.

During the last phase of the study, weighted overlay procedure (Esri, 2017)
was undertaken in conformity with Table 1 with the help of “Raster Calculator”
module of ArcMap 10.3 application included in ArcGIS package program and the
runoff distribution model of the basin was presented. While a numerical value existed
for each pixel in the obtained digital map, these numbers were only unitless
expressions that were the results of multiplication conducted during the
implementation of weighted overlay. In order to transform these expressions to
numeral values represented by actual units, the map was calibrated according to
indicators such as annual average precipitation depth, average flow value of the main
river at the mouth and flow data in sub basins with wild flow with the methods of
Langbein et al., (1949), Turc (1954), Thornthwaite (1957) and USDA (1986).
Correlation of intermediate values with maximum and minimum values provided
intermediate values in calibrations.

Results

The methodology proposed in this study was conducted in an applied manner
in Ergene River Basin which was selected for implementation. The basin is situated in
northwest Turkey and is composed of 11036 km? wide water catchment area that
includes Ergene River and its branches, the sub basin of Meri¢ River Basin (Figure 1).
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The main factors that played determinant roles in basin selection were the variable but
not too complex structure of components that affect runoff -mentioned beforehand in
relation to methodology-, existence of various surface and climactic areas and
abundance of data that allow the control and validation of implementation output.
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Figure 1. Location and topography map Figure 2. Distribution of average annual
of Ergene River Basin. precipitation distribution in Ergene River
Basin.

The first component to determine surface runoff distribution design of Ergene
River Basin was the precipitation distribution map of the field (Figure 2). Instead of
direct interpolation of the points with climactic data in the basin, CoKrigging (Esri,
2013) multi parameter interpolation -in which changes in precipitation according to
elevation levels were included in the equation- was preferred and precipitation data
were mapped in a manner to form a numerical surface. At this point, increase in the
amount of precipitation from basin floor to higher areas which can be roughly defined
as the increase from center to periphery was clearly observed. Precipitation depth that
changes between annual averages of 540-932mm is congruent with meteorology
station data and real climactic indicators observed in the basin in terms of amount and
distribution. According to existing table, compared to central parts of the basin,
meteoric water input that supported surface runoff was higher in Istranca (Yildiz)
Mountains that covered the northern section of the basin and relatively in the southern
section that was close to Isiklar Mountain. Especially the southern slopes of Istranca
Mountains appeared as the most prominent potential meteoric water reservoir in the
basin. Therefore, it was expected that these sections would provide higher values in
the surface runoff distribution obtained at the end of the analysis process.
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The second parameter in the basin related to surface runoff distribution design
was the amount and distribution of potential evapotranspiration. Since no regular and
common evaporation measurement existed in the basin, Thornthwaite (1957) water
balance measurement method was utilized to present the amount and distribution of
this parameter in the basin. Thornthwaite adjusted potential evapotranspiration values
were taken into consideration in order to remove dry spell effects. While generating
the map; the same path was followed as the precipitation distribution map and
evapotranspiration change zones formed by taking into consideration the changes in
temperature and precipitation based on climactic data points and elevation were
operationalized via compound CoKrigging (Esri, 2013) method. Annual average
potential evapotranspiration values of Ergene River Basin were found to change
between 450-950mm according to numerical potential evapotranspiration map
obtained in this process (Figure 3). Especially the middle sections closer to the valley
floor in the central part of the basin and the west-southwest sections towards Ergene
River downstream were found as the areas with increased potential evapotranspiration.
Severity of evapotranspiration was determined to decrease towards Istranca
Mountains, supporting the assumption that surface runoff would present higher flows
in these mountainous areas where precipitation was higher.

Legend
Potential Evapotranspiration (mm)

Figure 3. Distribution of average annual Figure 4. Hydrogeological structure of
pot. evapotranspiration in Ergene River  Ergene River Basin.
Basin.

One of the compounds with significant effects on basin surface runoff
distribution design -albeit not as much as precipitation and potential
evapotranspiration- is the lithological characteristics of the ground. The main
lithological structure of the basin includes metamorphites and clastics (Figure 4).
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Metamorphites (gneiss, schist, marble), older than clastics, are generally known with
their low permeability. It can be argued that fissured or jointed texture of sporadic
marble, schist and granitoid units increase porosity albeit in low amounts and therefore
form semi-permeable areas. Clastics in the basin are composed of permeable units
generally called terrestrial clastics. However, the clayish-marly levels observed in
younger and unsegmented elements among these units decrease permeability. Basalt
crops found in the southeastern part of the basin in the form of holms and alluvium
found in valley floors can be cited as units prominent with their high permeability. In
this case, while non-permeable units and units with low permeability surfacing
especially in Istranca mass support surface runoff, units with permeability that cover
the center and south parts provide conditions for a weaker surface runoff. In addition,
tectonic lines found in north and northeast are estimated to affect surface runoff.
However, it was difficult to reach a definitive conclusion as to whether this effect had
a negative direction in the form of increased permeability or positive direction via
springs along fault.

Land use and flora are significant factors that affect surface runoff. Ergene
River Basin has wide-spread dry farming areas that support permeability (Figure 5).
Indeed, dry farming areas which are dominant in the basin make negative surface
runoff conditions especially in middle and southern parts more apparent. In addition,
forest areas, second largest after dry farming areas are relatively disadvantageous in
terms of surface runoff. It should be remembered that interception plays an important
part in this. On the other hand, porosity decreases and surface runoff is supported in
irrigated agricultural fields mostly found in valley floors largely based on to the fact
that they are water logged. Just like urban areas, meadows and orchards that are less
observed on the basin scale provide less support for surface runoff compared to
irrigated agricultural areas but give more support compared to dry farming areas. As a
result, contribution to surface runoff in terms of land use is lower in slopes in the inner
parts of the basin and in interflow zones; medium along Istranca mass and hilly areas
in south-southwest sections and high in valley floors. This finding gives Istranca
mountainous mass an advantageous position in terms of surface runoff.
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Figure 5. Current land use in Ergene Figure 6. Distribution of soil types in
River Basin. Ergene River Basin.

As in land use design, distribution of soil types have a determinant role in
regards to surface runoff. Due to abundance of clay content in Ergene River Basin, soil
in alfisol group prevents permeation. Spreading on the low slopes of mountainous
areas and downstream of Ergene River, this soil supports surface runoff in these areas
(Figure 6). A similar situation is valid for vertisols that cover large areas towards the
upstream of Ergene River. Mollisols that completely cover mountainous areas and
entisols found in valley floors also establish the foundation that allows permeability
with their soft texture and porous structures. This situation creates a relative
disadvantage for areas such as Istranca Mountains and Isiklar Mountain slope which
host favorable conditions for the increase of surface runoff. However, as it will be
discussed later, shallow soil strata in these parts and the fact that they are limited with
impermeable units that are located right below decrease the negative impact of this
disadvantage.

The fact that slope directly affects runoff velocity and runoff velocity affects
amount of permeation makes the distribution and degree of topographic slope
significant in the study area. Ergene River, which separates Istranca range in the north
and Isiklar range in the south, is surrounded by slopes from both mountainous areas
with decreasing attitude towards the river bed (Figure 7). The slope of these mountain
hillside is directly proportional to elevation. Especially the areas to the north of
Kirklareli-Vize that correspond with the core of Istranca Mountains consist of the
sections where slope values reach the highest levels due to abrasion resistance and
abrasion types of resistant lithological units at basin scale on the floor. Slope levels
that also increase towards the high areas in the vicinity of Isiklar Mountain present a
softer, plainer and still relief in conformity with the abrasion of Neogene deposits
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composed of detritic material in a manner that cannot present sharp lines and decreased
energy of the rivers in the areas in central parts of the basin. Slope values of Ergene
River Basin are classified as 5% segments. Accordingly, the most available conditions
for surface runoff are found in high mountainous areas and the most negative
unfavorable can be observed in valley floors and interflow areas. Therefore, higher
parts of the basin strengthen the expectations that with their structure that allows them
to flow before finding an opportunity to permeate, meteoric water that reach the
surface would increase surface runoff potential in these areas.

Another factor that affects the surface runoff distribution design of Ergene
River Basin is soil texture. Depths of soil that cover the ground and the type of soil
directly affect amount of permeation and period of saturation. Since soil is the
decomposed state of the bedrock, its porosity is relatively higher and when its depth
increases, the amount of water that it permeates and stores also increases. In terms of
texture, the soil in the study area is classified in five classes as rocky and devoid of
soil, very shallow (0-20cm), shallow (20-50cm), medium depth (50-90) and deep
(90cm +) (Figure 8). While deep soil is mostly found in the central parts of the basin,
shallow soil and rocky surfaces are generally observed in high mountainous areas and
slopes where slope value is higher. Valley slopes located especially in the upstream of
rivers, tectonic lines and valley floors overwhelmed by current alluviums can be
defined as unfavorable areas for the formation of deep soil texture. In this sense, since
soil texture becomes shallow in areas where elevation and incline increases for Ergene
River, the shallow soil texture will have less water holding capacity and therefore
surface runoff will increase.
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Figure 7. View of Ergene River Basin in Figure 8. Ergene River Basin soil texture
terms of slope values. map.
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Seven main parameters listed above which shaped the surface runoff
distribution design in Ergene River Basin were composed of units revised with
multiplier coefficients based on their impact rates. These units corresponded to pixel
based numerical expressions and were analyzed to present the digital surface runoff
distribution design map of the basin determined according to all these factors by
applying the weighted overlay method (Esri, 2017). The map obtained as a result
established a surface runoff distribution design that reflected the foreseen impact of
each unit in initial interpretations (Figure 9). The digital surface runoff distribution
map, the output, included pixel based values that changed between 144 and 414720.
These values were visualized as quantities between 1 and 5 via reclassification.
However, in order to save sensitivity in calibration procedures that would follow,
minimum value, intermediate value and maximum value were assigned as 144, 207288
and 414720 respectively. At this point, although the mentioned map was not calibrated
yet, it presented a clear view of surface runoff distribution design. As expected, it can
be observed that surface runoff was stronger along Istranca mountainous mass and in
areas closer to Isiklar Mountain and on the other hand it weakened in areas towards
the valley floor. Since this view was designed by taking all specific conditions of each
point in the basin into consideration and did not rely on generalizations, it
corresponded to a distribution model that expressed separate realities for each pixel.
Therefore, values that will be obtained after calibration are also specific for each point.
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Figure 9. Compounds that affect surface Figure 10. Surface runoff distribution map

runoff distribution in Ergene River Basin of Ergene River Basin generetaed

and surface runoff distribution design. according to Thornthwaite method and
interpolation of climatic data points.
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In order to comprehend the level of compatibility between surface runoff
distribution map of Ergene River Basin and the real land conditions and how far the
findings were from generalization, it would be useful to make comparisons with the
runoff distribution map interpolated according to Thornthwaite water balance
measurement. Thornthwaite runoff accounting based on the relationship between
precipitation and potential evapotranspiration is listed at the top of the methods widely
used today since it provides rather realistic results with almost 90% confidence interval
at some areas (Calvo, 1986). However, whether results obtained for climactic data
points can be representative for areas with no data or not and the results obtained after
evaluating surface runoff based only on these point data can clearly be observed in
runoff distribution map generated in this framework (Figure 10). It is evident that
amount of surface runoff observed in rather low values especially to the north of
Kirklareli-Siiloglu line does not correspond with the data obtained from the parameters
that affect surface runoff in the basin. Also, as befitting the logic of interpolation, an
imaginary transition occurs between Istranca and Isiklar ranges that represent high
values and the central parts of the basin that correspond to relatively lower values.
Therefore, areas outside of climactic data points are completely represented according
to homogeneous surface and based on only estimated and generalized data. In this
sense, the usability of data obtained according to this method will be ruled out for sub
basins where especially climactic data is very few or nonexistent. Despite the fact that
the design that is presented offers an unrealistic design in terms of surface runoff
distribution; minimum (22.1mm), maximum (380.8mm) and intermediate (128mm)
flow depth are important data that can be used to calibrate digital runoff distribution
map devoid of the units generated in this study.

Intermediate surface runoff values (128mm) obtained for the basin via
Thornthwaite method were used for the calibration of the map generated in this study
and obtained the following values after reclassification: maximum 5, minimum 1 and
intermediate 1.57 unit values. Maximum, minimum and intermediate runoff values
(mm) obtained via Thornthwaite method were assigned for the maximum, minimum
and intermediate values in the unitless digital surface runoff distribution map in this
study. The calibration provided a surface runoff distribution model with actual units
that reflected maximum 400mm, minimum 80mm and intermediate 126.5mm surface
runoff values (Figure 11). Compared to the imaginary distribution mode obtained via
Thornthwaite method, this model is more realistic and free from generalizations. Also,
it can ensure 90% confidence interval for each point of the basin while Thornthwaite
method can present this rate only on the basis of climactic data points.
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Figure 11. Surface runoff distribution mapFigure 12. Surface runoff distribution map
of Ergene River Basin calibrated of Ergene River Basin calibrated
according to Thornthwaite (Thornthwaite according to Turc (1954) method.

and Mather, 1957) method.

Calibration similar to the one used in Thornthwaite method can be undertaken
with the results of other methods with the potential to provide the most appropriate
and realistic results. Thus, it would be possible to ensure flexibility and independency
from the outcomes of only one method. In this framework, another calibration was
implemented by using 139mm intermediate runoff value obtained via Turc (1954)
method with extensive use (Figure 12). The maximum 434mm, minimum 87mm and
intermediate 137.6mm values obtained via reference runoff of the Turc method are
quite close to values obtained via Thornthwaite method. In this respect, Thornthwaite
and Turc methods can be used to corroborate and verify one another. An imaginary
surface runoff distribution design similar to the design in Figure 10 is obtained In Turc
method, as in other methods using climactic data points as the basis. Hence, the
disadvantages expressed for the distribution design obtained via Thornthwaite method
are also valid for Turc method as well as other point data abased methods.

One of the reference values used in the calibration of surface runoff distribution
map generated in this study for Ergene River Basin is the intermediate runoff volume
of 118,5mm obtained via Langbein (Langbein et al., 1949) method. Maximum 370mm,
minimum 74mm and intermediate 117mm flow depth for m?/year were observed in
the calibration undertaken for Ergene River Basin based on this value (Figure 13). As
in Thornthwaite and Turc methods, close but lower values were obtained in this surface
runoff model which focuses directly and solely on climactic parameters. It can be
argued that Langbein’s disregard for sheetflow and his sole focus on rivers that provide
on river channel included runoff while calibrating his own method played a role in this
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outcome (Langbein et al., 1949). Even so, it is clear that his model correspond to a
rather consistent surface runoff amount from the angle of the two previously
mentioned methods. In this case, it is observed that methods that aim to calculate
surface runoff based on similar parameters arrive at approximate conclusions and
therefore they are similar in regards to successful aspects as well as errors. However,
it should be remembered that what is calculated in the framework of these theoretical
methods is the surface runoff fed with meteoric water. Hence, underground water and
sources, composed of water that do not permeate surface runoff, should be added to
the amount of surface runoff while calculating the total basin discharge. On the other
hand, it should also be remembered that while theoretical methods include sheetflow,
empirical methods are more attuned to the flow that arrive at the river bed.

Different from the Thornthwaite, Turc and Langbein methods, it would be wise
to address the revised and developed SCS-CN (Soil Conservation Services-Curve
Number) (USDA, 1986) method which adopted the view that ground parameters
should be taken into consideration while calculating surface runoff. Due to its
simplicity, this method which evaluates the characteristics related to the ground such
as hydrologic soil groups and flora along with climactic data together has become
prominent as one of the most widely used methods to determine surface runoff. When
calibration was undertaken via 339, lmm intermediate runoff value obtained with SCS-
CN method, the amount of surface runoff in Ergene River Basin was calculated as
maximum 1085mm, minimum 217mm and intermediate 343,Imm (Figure 14).
Compared with models designed only with climactic data, these values are equivalent
to three times more runoff volume and reflect the fact that evapotranspiration is not
given enough space in the equation. These values are also clear indicators that
differences in methods can create such significant differences in the calculation of the
amount of surface runoff.
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Figure 13. Surface runoff distribution Figure 14. Surface runoff distribution map

map of Ergene River Basin calibrated of Ergene River Basin calibrated
according to Langbein (Langbein et al.,  according to SCS-CN (USDA, 1986)
1949) method. method.

In addition to previously mentioned methods that should be regarded as
theoretical although they have some empirical foundations, use of more data obtained
according to outcomes of measurement and observation during calibration will pave
the way to make interpretations with wider perspectives by presenting differences. In
this framework, in order to present more systematized work and generate a confidence
interval, this study selected the empirical data used as the basis of calibration in a
manner that would determine the lower and upper limits of the surface runoff amount
in Ergene River Basin. Without doubt, the upper limit is defined via calibration based
on average precipitation depth of the basin because such a calibration means that the
entirety of the meteoric water transforms into surface runoff., i.e. possible maximum
surface runoff value can be reached in this manner. The following values were
obtained for Ergene River Basin as a result of the calibration by taking 581,4mm
intermediate flow depth as reference according to precipitation distribution map of the
study area: maximum 1817mm, minimum 363mm and intermediate 574,1mm volume
surface runoff values (Figure 15). While these values are far from the real runoff
volume of the basin, they are significant since they express the maximum runoff
volume. As a result, it cannot be expected for annual surface runoff amount in Ergene
River Basin to surpass 574,1mm/m? level.




July - August - September - October - November - December / Volume: 2 Issue: 2 Year: 2018

Legend : R Legend
Flow (mm/m?/year) - % 2 Flow (mm/m*/year)

Figure 15. Surface runoff distribution mapFigure 16. Surface runoff distribution map

of Ergene River Basin calibrated of Ergene River Basin calibrated
according to annual intermediate according to flow of Ergene River at the
precipitation d mouth.

Another'swra that can be addressed in terms of empirical data is related to flow

data of the main river provided by the stream gauging stations. It is already known that
amount of flow presented by surface data can be compared with data obtained by flow
observation stations at the basin estuary to look for compatibility (Arnold et.al., 2000).
At this point, calibration that will be undertaken based on the average of flow
observations conducted at the mouth of the main river in the basin will reflect
minimum values for the basin since it is based on the amount of water that leaves the
basin after all losses. Ergene River’s surface runoft distribution map calibrated over
132mm (EIE, 2008; DSIi, 2017) of annual average runoff based on flow values
obtained from No. 12 SGS (Stream Gauging Station) just before the discharges Merig
River provided the following values: maximum 412mm, minimum 82mm and
intermediate 130,Imm (Figure 16). These values are average minimum surface runoff
values that reach the river channel in Ergene River.

Flow observation data for some sub basins that may be exposed to human
intervention at lower levels compared to flow at the main river downstream were also
used during the calibration of Ergene River Basin surface runoff distribution map. In
this framework, in different parts of the basin, according to surface runoff distribution
map with 1.57 average pixel value, a separate calibration was done for each of these
sub basins and only included these sub basins-titled SGS 108 with 2,13 average pixel
value; SGS 110 with 1,81 average pixel value and SGS 111 with 1,45 average pixel
value. Average runoffs calculated as 138mm, for SGS 108, 109mm for SGS 110 and
102mm for SGS 111 (EIE, 2008) were taken as reference and surface runoff
distribution maps whose average pixel values were calibrated provided the following
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results: maximum 323mm, minimum 64mm, intermediate 141,9mm for SGS 108;
maximum 30lmm, minimum 60mm, intermediate 109,4mm for SGS 110 and
maximum 351 mm, minimum 70mm, intermediate 102,6mm for SGS 111 (Figure 17).
These volumes are unique to these specific sub basins, but they can also be regarded
as reference values for flow data based flow depth for relatively small areas in different
parts of Ergene River Basin.

As expressed, it is possible to generalize the flow observation data obtained
from some streams in different parts of the basin to represent the entirety of the Ergene
River basin. The runoff volume in the digital surface runoff distribution map calibrated
by taking 118m flow depth, the product of average runoff of the three sub basins that
were mentioned, as reference, were found for the whole basin as maximum 375mm,
minimum 75mm and intermediate 118,6mm (Figure 18). Compared to the map (Figure
16) calibrated according to mouth discharge of Ergene River, these values correspond
to lower values. Therefore, the fact that average flow values are lower in the sub basins
-which are thought to be exposed to less human interventions- than the average flow
level at the mouth level points to high level of water losses as a result of storage and
use of the water for irrigation in these areas which are expected to have higher runoff
volumes since they are positioned relatively at the upper course. This situation can be
regarded as an indication that higher volumes are possible in areas with completely
wild flows. However, the fact that these results represent volumes under actual values
since they do not include sheetflow water that does not reach the main channel support
the view that flow depth that should be valid for the basin corresponds to higher
volumes.
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Figure 17. Surface runoff distribution map Figure 18. Surface runoff distribution map
of Ergene River Basin calibrated according of Ergene River Basin calibrated according
to flow rates recorded in basin estuaries of to the average flow depth in No. SGS 108,

some sub basins. SGS 110 ve SGS 111 sub basins.
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Almost nonexistent human intervention in Ergene River Basin and the
existence of at least 15-year flow observation data for some of the sub basins that can
be defined as wild flowing makes it possible to undertake calibration based on
empirical data free from anthropogenic impact. At areas where such opportunities do
not exist, it is still possible t arrive at base data by conducting flow observations for at
least a year and correlating these records with the long term records found in nearby
observation stations.

The average flow records that were taken as reference for the calibration based
on flow observations in the basins that correspond to drainage areas of No.13, 52 and
69 SGS’s in different parts of the Ergene River Basin where human intervention to
natural conditions is almost nonexistent were as follows: 216mm for SGS 13, 215mm
for SGS 52 and 351mm for SGS 69 (DSI, 2017). Relevant basins were removed from
the digital runoff distribution map with 1,57 average pixel used as distribution map for
all three basins in question and the following average pixel values were calculated in
the next weighted pixel distribution: 2,31 for SGS 13, 1,69 for SGS 52 and 2,74 for
SGS 69. Representative results for basins were obtained as a result of calibrating these
values with the average flow data measured in each basin. Accordingly, the runoff
volumes obtained are as follows: maximum 467mm, minimum 93mm, intermediate
223,4mm for SGS 13; maximum 636mm, minimum 127mm, intermediate 218,4mm;
for SGS 52 and maximum 640mm, minimum 128mm and intermediate 383,3mm for
SGS 69 (Figure 19). Coordination with the total basin was ensured in this manner and
average pixel based surface runoft distribution weighted value was obtained from any
part of the basin by averting the mistake of generalizing the regional conditions to the
whole basin with the help of flow measurement average assigned according to average
pixel value in the basin whose calibration was undertaken. Hence, it was possible to
obtain runoff data directed towards the general. Therefore, it was possible to attain the
position where it was sufficient to take the average value as reference by only using
the accurate runoff distribution map regardless of which part of the basin was used for
calibration.

In addition, the fact that average runoff volumes in SGS 52 and SGS 69 were
very close as if to confirm one another and higher than that of SGS 13 indicated that
surface runoff was much higher in the northern sector of the basin. It is possible that
this result is related to the factors such as abundance of rain received on the slopes of
Isiklar Mountain that face the north, impact of fohn winds and lack of moisture in the
air masses that come over Marmara compared to air masses coming over Black Sea.
On the other hand, these flow depths calculated according to flow that arrive the river
at the mouth of each sub basin ignore flows with sheetflow character that do not reach
the river channel even though they are very small basins. Hence, while it is possible
to reach the most realistic volumes with the help of this calibration done according to
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flow data obtained from areas that are isolated from direct anthropogenic impact to a
large extent, it can be argued that the surface runoff that is discussed may be a little bit
under the actual value.
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Figure 19. Surface runoff distribution Figure 20. Surface runoff distribution map
map of Ergene River Basin calibrated of Ergene River Basin calibrated
according to the amount of average according to average flow depth product
precipitation in sub basins with wild flow. in sub basins with wild flow.

The digital surface runoff distribution map of Ergene River Basin with 1.57
average pixel value calibrated during the last phase of calibration process by taking
182,55mm average runoff value as reference which was the product value of average
runoff volume in the three basins with wild flows provides the following values for
the entirety of the basin: maximum 581mm, minimum 116mm and intermediate
183,45mm flow depth (Figure 20).

This value corresponds to a runoff where error margin based on basin sector is
decreased by taking different parts of the basin into consideration and which is
comprehensive enough to represent the whole basin. Therefore, it is possible to claim
that the amount of surface runoff in Ergene River Basin whose natural course is
minimally disrupted is an average of 183,45mm and final surface runoff volume
including the direct and indirect impact of the calculable and incalculable stakeholders
and factors takes place at a higher level with an option between 2% and 5%.

The calibrations with different characteristics that were applied in the study
clearly demonstrate that surface runoff amount in Ergene River Basin can be calculated
in a manner that will correspond to highly various values. At this point, it can be argued
that a serious conflict exists as to which expression is more accurate. However, when
all data are evaluated in conjunction with each other, it can be clearly understood that
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some expressions related to flow depths cannot be accurate (Table 2). A comparison
is necessary and even compulsory to reach a definitive conclusion as to the degree of
accuracy of the results for Ergene River Basin obtained by different methods.
However, it is certain that assessments that will be undertaken in this regard will be
specific to Ergene River Basin and very different conditions may apply for another
basin because degree of proximity to accuracy in each method can show differences
from basin to basin.

Table 2

Some Values Obtained For the Runoff in Ergene River Basin as a Result Of
Calibrations Conducted in Digital Runoff Distribution Maps Based on Different
References

Max. ll\(/llillll.off Intermediate Average Average g:;l(i) ti(f Ratio to
Calibration Runoff (mm/vear/ Runoff Output  Flow ta timf) Flow
(ng)m/year/ ) YU onm/yvear/m?)  (Usn/km?) (m*/year) %) (+%)
m
Thornthwaite 400 80 126,50 4,01 1395605497 21,75 -2,91
Turc 434 87 137,56 4,36 1517416451 23,64 +5,57
Langbein 370 74 117,02 3,71 1291196108 20,12 -10,17
SCS-CN 1085 217 343,14 10,88 3786580500 59,00 +163,44
Precipitation 1817 363 574,13 1821 6337649900 98,76  +340,92
Flow 412 82 130,13 4,13 1437369252 22,40 0
Sub basin
average 375 75 118,60 3,76 1308869600 20,65 -8,93
%’Z aSgiS 581 116 183,45 5,82 2024554200 31,94  +40.85

Note.Total amount of precipitation for Ergene River Basin 6417544360m’/year (Turkish State
Meteorological  Service, 2016), basin area 11036km® and Ergene River mouth discharge
132mm/m*year (EIE, 2008, DSI, 2017).
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First of all, all “flow” referenced output that corresponds to flow values
measured at the mouth of Ergene River channel should be regarded as having the
lowest volumes that can represent the whole basin since they take the water existence
in the river channel as the basis despite all anthropogenic impact and water losses due
to consumption. On the other hand, the fact that calibration conducted according to
sub basin averages stays under this value is a result of low flow measured in the sub
basins especially located in the east and south and it points to the reality that
intervention to surface water in these regions is above basin average and/or water used
for irrigation, industry and daily use are recharged to the channel as recycled water
from the downstream of Ergene River. This once again reminds us that any
generalization for the basin cannot be representative for many sub basins even though
they are located in the same main basin. Although it is an agreed matter that there is
contributions form groundwater existence, and as explained before, there is no
problem to cite these type of contributions while calculating the amount of surface
runoff. However, these empirical references that ignore water included in the surface
runoff but does not reach the main channel due to their sheetflow character will
definitely correspond to higher volumes once sheetflow water is included. Hence, there
will be no inconveniency in using volume obtained as a result of calibration conducted
according to flow values as surface runoff ground values. At this point, the fact that
methods such as the widely used Thornthwaite method, Langbein method and
calibrations conducted according to sub basin averages due to the reason cited above
generate volumes that are under referenced runoff values show that these methods
produce misleading results for Ergene River Basin and are far from usability. It is once
again comprehended that while methods with wide use such as Thornthwaite and
Langbein methods provide very reliable outputs in different parts of the world, they
will not produce the best results everywhere every time.

On the other side of the issue lays the impossibility of expecting meteoric water
runoff to exceed the 50% rate in Ergene River Basin that can be defined as a subhumid
steppe field where high evapotranspiration values prevail (Kogman, 1993; MGM,
2017) and where high permeability is experienced with a plain relief. Also, since
calibrations conducted based on flow observation data take into account the flow that
reaches the stream gauging station rather than the river channel itself, it is believed
that surface runoff that cannot reach the stream gauging station constitutes a significant
ratio considering many reservoirs, agricultural fields that cover wide areas and the
population that is close to 1 million (Cevre ve Sehircilik Bakanligi, 2017) (Figure 21).
Also, releasing an annual 255 million m?® discharge water, from domestic an industrial
sources, 20% of which consists of groundwater, to Ergene River (DSI, 2016) and the
existence of reservoir volume exceeding a total of 500 million m*/year, out of which
only the reservoirs built in the last five years is close to 100 million m*/year volume
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(Cevre ve Sehircilik Bakanligi, 2017) provides some ideas as to the degree of
representation of basin surface water in flow observations. In addition to all this, it is
known that the amount of water discharged with surface runoff in 37,12% as average
in Turkey (DSI, 2018). Hence, it is clearly seen that SCS-CN method is far from
usability in Ergene River Basin while it is designed according to the assumption that
meteoric water will flow at the rate of 98,76% and points to 59% surface runoff even
though it is highly below the precipitation-referenced calibration that expresses
maximum runoff volume for the basin. On the other hand, it should be remembered
that contributions from groundwater that is not included in the amount of surface
runoff support just the opposite. Possible contributions from the sources that will be
reflected in the observations of the main channel have the effect to carry the value
obtained as a result of calibration to a higher level than the real amount of surface
runoff. While it is probable to calculate major sources to subtract them from the total
flow, it is not possible to calculate groundwater transitions such as feeding from the
river bed. Actually, the most accurate approach to be adopted at this point, as
mentioned before, is to assess contributions from groundwater along with surface
water because even though underground water is part of underground flow for a while,
it eventually comes to surface and can be used as surface water. Therefore, increase in
volume based on feeding from underground water in the river bed will directly cause
an increase in surface water potential and it will be a part of surface runoff. Hence,
calibrations that take flow observation data into consideration attain a different
dimension as calculations that pay regard to the water in this scope.

In the light of all this information, it can be claimed that the surface runoff
volume that is realized in Ergene River Basin is between the minimum value of
1437369252m?/year and maximum value of 2535059960m?/year which corresponds
to 40% of meteoric water. None of the results obtained with existing surface runoff
calculation methods are included in this range. So, improbable results will be obtained
and the risk of miscalculating the water potential will increase regardless of the method
used to calculate surface runoff in Ergene River Basin. Since this case can be replicated
in other basins in different manners, the road will be paved for dire errors unless
calibration and confidence interval are not identified similar to the one presented in
this study. Following these assessments, it is possible to cite a rather high value based
on information obtained in terms of Ergene River Basin, impressions and expert views
on the field. This value is about 2100000000m?*/year £2% level as the volumetric
expression of average surface runoff amount in Ergene River basin. Therefore, it is
possible for a flow to materialize in the basin, a runoff other than the ones foreseen by
other methods.
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Figure 21. Google Earth image demonstrating the density of agricultural areas and
distribution of reservoirs in Ergene River Basin.

The different surface runoff models led by commonly used SCS-CN and
Thornthwaite methods, which can be defined as rather reliable methods when
evaluated separately, provide such different results when assessed together that it is
probable some of these results are inaccurate. This situation should be regarded in a
manner that one should not regard these methods as wholly erroneous but take it as the
variance in success based on the existence of different conditions that affect the
method. Hence, as it was initially expressed, defining existing methods in a manner
far from flexibility and comprehensiveness that is necessary for adaptation to all
conditions is anything but a reality found in the results of this study. All analyses and
comparisons undertaken in the framework of this study have strengthened the opinion
that modeling a surface runoff distribution calculation method and calibrating it with
the appropriate reference values based on the necessary conditions of the field will
create a useful route to obtain data with fewer errors.

Discus@ and Conclusion

The fact that small differences in the calculation process of the methods that
are used can generate significant fluctuations in the obtained ruoff volume was clearly
observed in the results attained from the methods utilized for Ergene River basin. At
the same time, another interesting finding is the fact that none of the results were found
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similar to the results obtained as a result of calculations according to direct flow
measurements and they even pointed to volumes much higher or lower values with
significant differences. The point that should be strictly emphasized here is the fact
that it is not possible to express surface runoff amount which is shaped under the
impact of many variables -that may or may not be calculated- as a precise numerical
value but at the same time, a sound volume value robust enough to be used in planning
can only be obtained by preparing a surface runoff distribution map well with a narrow
range and by calibrating it based on real flow data obtained from parts of the filed far
from interventions. There is at least a 27% (Turc) or more difference in the runoff
volume obtained in this manner and by using other methods in Ergene River Basin.
Such a high error margin is outside of acceptable limits. Hence, there is no doubt that
existing methods provide erroneous results that cannot be tolerated and there is a dire
need for a more reliable and consistent surface runoff calculation method.

The model proposed in this study adopted a new approach that supported
benefiting from advantageous aspects of all categorical approaches and sorting out the
disadvantageous aspects related to the issue. As a result of the efforts to develop a
surface runoff distribution map, a model was created that is flexible enough to include
specific parameters such as frost period, interception and water infrastructures in the
equation and comprehensive enough to take into consideration the impact values of
many variables that are impossible to calculate via calibration conducted according to
real flow values. As a matter of fact, it is a reality that let alone calculating the factors
that affect hydrodynamic process; we do not even know their names. Hence, while it
was possible to present a statement broadly at the end, it was decided that the only way
to obtain the closest value to real runoff was to interpret the accurate runoft distribution
design based on real field data in their natural forms. Also, with the help of the model,
it was possible to make alternative selections in a manner that the final goal would pay
a determinant role in calibration and it became possible to separate different runoff
characteristics such as sheetflow and channel flow. Calibrations based on flow
observation data facilitated this separation.

Even when an average value comprehensive of the total basin was identified at
the final point, pixel-based detailed data were used. In this way, it was possible to
reflect the data of more than one variable on each pixel and average expressions were
opened to specific assessment and analyses through the parts of a whole. Also, while
a distinct expression was highlighted as an average value at the end of all analyses,
possible lower and upper limit values were identified with the confidence interval of
this numerical expression narrowed as much as possible. Hence, representative
weakness that would be caused by a single numerical expression was discarded and
average flow data were supported by determining maximum and minimum flows over
the maximum and minimum values of hydro-meteorological input. In addition,
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calibration was undertaken according to both empirical and theoretical data sets and in
a manner, verification of outputs obtained via different methods was ensured. At this
point, it was once again observed that the success rate of models may change under
different conditions and each specific variable may cause a model to generate reliable
or unrealistic results. Therefore, following the route of identifying the maximum and
minimum runoff range by developing the runoff distribution model of the area instead
of following a single model or method and therefore getting rid of models that present
unrealistic results was regarded as an undoubtedly accurate preference.

In the framework of the results obtained about the study area, total surface
runoff volume of Ergene River Basin was calculated as 2100000000m?*/year +2%. This
is a reliable value that can be used to express the general condition of the basin and
none of the methods implemented in this study generated a result that would
correspond to this value. Hence, the current methods widely used for Ergene River
Basin are far from generating reliable results. This finding points to the reality that it
is inevitable to face different versions when the basin and conditions change.
Therefore, without doubt, the route followed in this study will maximize the chance of
success in obtaining the most reliable runoff value. Also, it is evident that runoffs that
are lower and higher than the values identified for Ergene River Basin occur in the sub
basins of different parts of the basin and it should be regarded as a natural
phenomenon. That’s the reason why this model becomes more significant with its
ability to enable identification the surface runoff amount for of all desired points as
specific to this point or area by allowing separate runoff values for all pixels at the rate
of data resolution used in the map that represents the surface runoff distribution model.
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Extended Turkish AbsEract
(Genisletilmis Tiirkce Ozet)

Akarsu Havzalarinda Yiizeysel Akis Dagilis ve Miktarinin Belirlenmesi: Ergene Nehri Havzasi

Akisa etki eden parametreleri temelde yagisin tipi, yogunlugu, miktari, dagilisi, siiresi, firtina
istikameti, yagisa bagl toprak nemi, sicaklik, riizgar, bagil nem ve mevsim gibi meteorolojik faktorler
ile arazi kullanimu, bitki ortiisii, toprak tiirii, drenaj alani, havza sekli, ylikselti, egim, topografya, baki,
drenaj sebekesi ve rezervuarlar gibi fiziksel faktorler olarak siniflandirmak miimkiindiir. Bunlara toprak
tekstiirli, yeralt1 su tablasi ve yeralt1 suyu derinligi ile kar yagisi, biriken kar, kar erimesi ve gercek
evapotranspirasyon gibi 6zel kosullara ait verilerin de eklenmesi miimkiindiir. Biitiin bu klimatik ve
ylizeysel verilerin cografi bilgi sistemleri marifetiyle bir arada degerlendirilmesi sayesinde, yiizeyde
karmagik bir desen ortaya koyan akisin dagilis 6zelliklerini belirleme imkani s6z konusu olabilecektir.
Her tiirden problemin varligina ragmen iizerinde akim 6l¢imii yapilmayan havzalarin ¢oklugu ile
birlikte akis modellerinin yiizeysel akis, toprak nemindeki degisiklikler, evapotranspirasyon ve yeralt
suyu beslenim-bosalim degerleri gibi birgok konuda akarsu akim dl¢limlerine gore daha isabetli veriler
iretmesi seklinde siralanabilecek sebepler bu modellere bagimliligr artirmaktadir. Sonugta akim gézlem
istasyonlarinin sayisini gogaltmanin yaninda mevcut model ve hesaplamalarin gelistirilmesi, yenilerinin
iiretlmesi ve var olan modellerin uygulamalarinin kolaylastirilmas: amaciyla bilgisayar yazilimlarinin
olusturulmasi gibi bir¢ok alternatif ortaya konulmaya ve ilgi gormeye devam etmektedir.

Mevcut yiizeysel akis belirleme yontemlerinin yetersizligi konusunda vurgulanmasi gereken
ilk baslik hesaplama yontemlerinin veya modellerin neyi amagladiklart meselesidir. Bu noktada tarimsal
su ihtiyacini belirlemeye yonelik modeller ile yeralti suyu beslenimini tespite yonelik olanlar veya yagis
sonrast tagkin riski ile su bilangosu ortaya koymay1 hedefleyenler ayni yol ve yontemleri belirleyip ayni
sonuglara ulasamayacaklar, dolayisiyla da aynt problemi ¢6zerek aynmi amag¢ igin
kullanilamayacaklardir. Ayni1 sekilde model veya hesaplamalarda dikkate alinan periyodun farkli olusu
da galismalarin ayrigmasina sebep olan bir diger alandir. Yagis-akis denklemlerinde arastirilan yagisin
akabinde ortaya ¢ikan akig tamamen spesifik bir hadise olup, sadece hesaplamanin yapildigi zaman ve
yer i¢in gegerlidir. Boyle bir verinin genellenmesi ciddi hatalar1 da beraberinde getirecektir. Bu durumu,
is ylikiinii artirarak genis alanlarda ¢alismay1 olanaksiz kilan giinliik klimatik verilere dayanan modeller
ile aylik verilere dayanan modeller arasinda da gozlemlemek miimkiindiir. Giinliik veriler ile aylik
veriler arasinda ¢ok belirgin anomaliler olabilecegi gibi, planlama ¢aligmalarinda esas olan da aylik
veriler yani yillik ortalamalarin rejimidir.

Verilerin siire bakimindan farkliliklarmma dair sonuglar1 alansal farkliliklarda da gormek
miimkiindiir. Bu durumun en 6nemli sebebi neredeyse hi¢bir havzada akigin homojen dagilmamasidir.
Modele konu her noktanin, her pikselin benzersiz kosullart oldugu bir kenara birakilarak, noktasal
boyutta elde edilen verilerinin biitiin alan1 veya havzay1 kapsiyormuscasina yorumlanmasi vahim bir
yanilgidir. Ciinkii her bir nokta modele konu parametreler bakimindan kendi kosullarini haiz olup
parametrelerin etki degerleri 6lgeginde yiizeysel akis ile farkli bir iliski seviyesini yansitmaktadir.
Dolayistyla hemen her yerde heterojen kosullar sergileyen akis dagilis deseninin dogru tespit edilmesi
havza ya da alanin hem geneli i¢in hem de boliim veya alt birimleri igin spesifik akis dinamiklerinin
ortaya konulmasma imkan saglayacaktir. Bu noktada etken parametrelerin belirlenmesi ve etki
degerlerinin kararlastirilmasi hayati 6neme sahiptir.

Stiphesiz akis dinamikleri agisindan benzersiz hidrolojik birimler olarak kabul edilmesi
gereken havzalar, kendi 6zel kosullar icerisinde akis dagilis desenine sekil veren birgok 6zelligi
barindirirlar. Bunlarin bazilari daha baskin ve ana paterni belirleyici nitelikte iken bazilart nispeten
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diisiik etki kapasitesine sahiptirler. Ornegin litolojik acidan homojen aliivyal dolgu sahasindan ibaret
olan bir havzada akis desenini belirlerken sahanin litoloji verilerini dikkate almak gereksiz bir islem
olacaktir. Dolayisiyla her ¢aligma alani agisindan akis desenine yon veren parametreler arazi kosullarina
gore farkliklar arz edecektir. Bu ¢alismada ortaya konan metodoloji 6rnek havza olarak belirlenen
Ergene Nehri Havzasinda uygulamali bir sekilde agiklanmistir. Ergene Nehri Havzasinda yiizeysel akis
dagilis desenine sekil veren yedi ana parametre (yagis, potansiyel evaotranspirasyon, hidrojeolojik yapi,
arazi Ortiisli, toprak tiirii, egim ve toprak dokusu) etki oranlari nispetinde ¢arpan katsayilarla revize
edilen birimlerden olusmaktadir. Bu birimler piksel bazli sayisal ifadelere karsilik gelmekte olup,
agirlikli cakigtirma iglemi uygulanarak havzanin biitiin bu faktorlere gore sekillenen sayisal yiizeysel
akis dagilis deseni haritasini ortaya ¢ikaracak sekilde analize tabi tutulmuslardir. Sonucta elde edilen
harita herbir birimin ilk yorumlamalarinda 6ngériilen etkisini yansitacak sekilde bir yiizeysel akis
dagilis deseni tesekkiil ettirmistir. Cikt1 niteligindeki sayisal yiizeysel akis dagilis haritasinda piksel
bazli degerler 144 ila 414720 arasinda degisen degerler arz etmektedirler. Bu degerler yeniden
siniflandirilarak 1 ila 5 arasinda degisen nicelikler seklinde gorsellestirilmislerdir. Ancak daha sonra
yapilacak kalibrasyon islemlerinde verilerdeki hassasiyetin azalmamasi igin taban deger 144, ortag
deger 207288 ve tavan deger de 414720 olacak sekilde islem gormiistiir. Bu noktada sayisal akis dagilis
haritas1 heniiz kalibre edilmemis olsa da yiizeysel akis dagilis deseni agisindan net bir goriintii ortaya
koymaktadir. Beklendigi gibi yiizeysel akisin Istranca daglik kiitlesi boyunca ve Isiklar Dagi’na
yaklasilan kesimlerde giiclendigi, buna karsilik havza tabanina dogru olan kesimlerde zayifladigi net
bir sekilde izlenebilmektedir. Bu goriintli ayn1 zamanda bir genellemeden ibaret olmayan ve havzadaki
herbir noktanin biitiin 6zel kosullar1 gozetilerek dizayn edildigi i¢in her piksel i¢in ayr1 ayr1 gergeklik
ifade eden bir dagilis modeline karsilik gelmektedir. Dolayisiyla kalibrasyon sonrasinda elde edilecek
degerler de her nokta i¢in 6zel olan degerlerdir.

Ergene Nehri Havzasinin bu ¢alisma kapsaminda elde edilen yiizeysel akis dagilis haritasinin
arazinin reel kosullari ile ne derece uyumlu oldugu ve genellemeden uzak bulundugunu anlamak igin
Thornthwaite su bilangosu hesaplamasi, Turc, Langbein ve Soil Conservation Services-Curve Number
gibi teorik yontemlerin yani sira; akis yliksekligi, ortalama ana akarsu akimi, alt havzalar bazli ortalama
akim ve vahsi akiga sahip akarsu havzalari ortalama akimi gibi ampirik veriler, bu ¢alismada iiretilen
ve yeniden siniflandirildiktan sonra en ¢ok 5, en az 1 ve ortalama 1.57 birim degerlerine sahip olan
haritanin kalibrasyonu i¢in kullanilmistir.

Sonug olarak Ergene Nehri Havzasinda gerceklesen yiizeysel akisin hacminin taban deger olan
1.437.369.252m%/y1l ile tavan deger olarak kabul edilebilecek, meteorik sularin %40’ma denk gelen
2.535.059.960m?/y1l arasinda oldugu sdylenebilir. Mevcut yiizeysel akis hesaplama yontemleriyle elde
edilen sonuclardan higbirisi bu aralikta yer almamaktadir. Bu degerlendirmelerden sonra Ergene Nehri
Havzas1 acgisindan edinilen bilgiler, izlenimler ve saha hakkindaki uzman goriisii 1s18inda kesinligi
oldukca yiiksek bir degerin zikredilmesi miimkiindiir. Bu deger Ergene Nehri Havzasi ortalama
yiizeysel akis miktariin hacimsel ifadesi olarak 2.100.000.000m*/y1l £%2 seviyesindedir. Bu deger
havzanin genel durumunu ifade etmek i¢in kullanilabilecek giivenilir bir ifade olup, bu caligmada
uygulanan yontemlerin higbirisi s6z konusu degere tekabiil edecek bir sonug iiretememistir. Yani
Ergene Nehri Havzasi i¢in giiniimiizde yaygin olarak kullanilan ydntemler giivenilir bir sonug
vermekten uzaktir.
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Abstract

This study provided methods and methodologies in compliance with the national legislations that will
ensure proper management of groundwater in terms of both quality and quantity. The methodologies
developed in this manner were implemented in the Gediz River Basin in Turkey. A total of 76
groundwater bodies delineated in the Basin were subjected to characterization, where the
anthropogenic pressures on the quality and quantity of groundwater and their possible impacts were
determined. Detailed risk analysis done by the available data revealed to the groundwater bodies which
were under risk of achieving good status in terms of quality and/or quantity. In order to disclose the
current status of all groundwater bodies, in-depth analyses (establishing threshold values, comparison
of the measured values to the threshold values/quality standards, water budget calculations, etc.) were
performed and supported by the comprehensive field investigations and monitoring. Ultimate results
indicated that 33 groundwater bodies out of 76 were in poor status; and hence, all these bodies should
be included in the programme of measures. Moreover, all the monitoring points at which the threshold
values and/or quality standards are exceeded were also included in the programme of measures.
Finally, the required measures to be taken in the Gediz River Basin at different scales (basin,
groundwater body and monitoring point); to improve the poor status or to conserve the good status of
groundwater, were pointed out considering both its quality and quantity.

Keywords: groundwater management, quantitative and chemical status assessment,
programme of measures, Gediz River Basin.
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Oz

Bu ¢alisma, hem nitelik hem de nicelik bakimindan yeralti sularinin dogru yonetimini saglayacak yasal
diizenlemelere uygun yontem ve metodolojiler sunmaktadir. Bu kapsamda gelistirilen yontemler Gediz
Nehir Havzasi’nda (Tirkiye) uygulanmistir. Gediz Nehir Havzasi i¢in belirlenen 76 yeralti suyu
kiitlesi, kalite ve miktar bakimmdan antropojenik baskilar ile bunlarin olasi etkilerinin belirlendigi
karakterizasyona tabi tutulmustur. Mevcut verilerle yiiriitiilen ve konservatif yaklagimlari benimseyen
ayrmtili risk analizi ile miktar ve kalite bakimindan iyi bir duruma gelme riski altindaki yeralt1 siuyu
kiitleleri belirlenmistir. Tiim yeralt1 sularinin mevcut durumunu ortaya c¢ikarmak i¢in kapsamli saha
aragtirmalart ve izleme sonuglart ile de desteklenen derinlemesine analizler (esik degerlerin
belirlenmesi, Ol¢iilen degerlerin esik deger/kalite standartlar1 ile karsilastirilmasi, su biitgesi
hesaplamalari, vb.) gerceklestirilmistir. Nihai sonuglar, 33 yeralt1 suyu kiitlesinin genel durumunun
zayif oldugunu ve dolayisiyla bunlarin tedbirler programina dahil edilmesi gerektigini gostermistir.
Ayrica, esik degerler ve/veya kalite standartlariin asildigi tiim izleme noktalari da tedbirler
programina dahil edilmistir. Son olarak bu g¢alisma kapsaminda, Gediz Nehir Havzasi i¢in farkli
Olgeklerde (havza, yeralti suyu Kkiitlesi ve izleme noktasi) tedbirler oOnerilmis; zayif durumun
iyilestirilmesi veya iyi durumdaki yeralti sularinin statiisiiniin korunmasi i¢in miktar ve kalite
bakimindan alinmasi gerekli tedbirler belirtilmistir.

Anahtar kelimeler: yeralti suyu yonetimi, miktar ve kimyasal durum degerlendirmesi, tedbirler
programi, Gediz Nehir Havzasi

Introduction

Freshwater is an indispensable resource for existence of life. Owing to its
significance for the survival of societies; laws and regulations related to water rights
date back to the world's oldest justice codes; and evolved ever since. Water
Framework Directive (WFD, 2000/60/EC) emphasizes the importance of water by
stating in its first recital that “water is not a commercial product like any other but,
rather, a heritage which must be protected, defended and treated as such” (European
Commission, 2000). Moreover, in today’s industrialized societies, it is not only the
quantity but the quality of freshwater that has to be considered for its sustainable
management. This is the rationale behind WFD set by the Ministerial Seminar held at
The Hague in 1991, which recognized “the need for action to avoid long-term
deterioration of freshwater quality and quantity” and called for “a programme of
actions to be implemented aiming at sustainable management and protection of
freshwater resources”.

In 2006, another Directive (2006/118/EC, revised as 2014/80/EU), commonly
known as Groundwater Directive (GWD), was published by European Commission
(2006, 2014) specifically on the protection of groundwater against pollution and
deterioration, focusing on the implementation stages to be completed after
groundwater bodies are delineated. Besides, a common strategy for supporting the
implementation of WFD (known as Common Implementation Strategy, CIS) was
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developed aiming to allow a coherent and harmonious implementation of WFD. With
this initiative several Guidance Documents and Technical Reports were published.
Taking all these Directives and Guidance Documents as reference, Turkish bylaw on
protection of groundwater against pollution and deterioration was first issued in 2012
(revised on 2015).

Background Information about Groundwater Management Practices in Turkey

This article focuses on groundwater, which constitutes around 15% of the
annual freshwater consumption in Turkey. Although it seems like a minor
contribution in total; for rural areas, most of the times, groundwater is the only
available freshwater resource to supply domestic and irrigational water demands.
Owing to the fact that it is not easily be quantified and characterized like surface
water resources, special care and effort should be taken in the management of
groundwater resources.

Turkish bylaw on the protection of groundwater against pollution and
deterioration was first issued in 2012 (Official Gazette 28257, 07.04.2012) and
revised in 2015 (Official Gazette 29363, 22.05.2015), taking the WFD and the GWD
as reference. This bylaw obliges the determination of groundwater bodies, as the
management units of groundwater resources, which will be the basis of the
succeeding implementation stages, from characterization to status assessment. On the
other hand, determination of the status of groundwater in terms of quality and
quantity; and development of a programme of measures (PoM), is a vital part of River
Basin Management Plans (RBMP). Having such significance, General Directorate of
Water Management — established under the Ministry of Forestry and Water Affairs
(MoFWA) carried out a pilot project for developing and implementation of
methodologies for determination and assessment of groundwater quantity and quality,
in line with the above-mentioned bylaw (MoFWA, 2017). Within the content of this
project (“Developing and Implementation of Methodologies/Methods  for
Determination and Assessment of Groundwater Quantity and Quality: Gediz Basin
Pilot Study”), which forms the basis of this paper, all provisions of WFD on
groundwater were realized; methodologies were developed for each implementation
stage; and tested on a pilot river basin (Gediz River Basin shown in Figure 1).

The GRB is listed among the nine river basins having priority according to the
“Action Plan on Groundwater Management” put in force in 2013 (MoFWA, 2013).
The GRB is named after its major river (Gediz River) having an approximate length
of 400 km, draining a basin of about 17,500 km? and discharging to the Aegean Sea,
along the western coast of Turkey. Basin hosts the very fertile agricultural lands,
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animal husbandry activities, organized industrial sites, high potential geothermal
fields, variety of mineral deposits; in addition to the densely populated settlements.
All these factors impose a complex and interacting set of natural and anthropogenic
pressures on both quality and quantity of water resources in the basin.

Purpose, Scope and Impact of the Study

As mentioned above, this study sets up the very first steps in Turkey on the
implementation of the provisions of the WFD, GWD and the Turkish bylaw on the
protection of groundwater against pollution and deterioration. In this sense, its scope
was setting up structured methodologies, which are applicable for Turkey, for each
implementation step of the bylaw minimizing the differences in the execution on
country scale and allowing flexibility for minor modifications to adapt into different
river basins in Turkey. Moreover, it should be noted that this study aimed to build on
the results achieved with the already completed and/or ongoing projects in various
scales and scopes, which are executed by the MoFWA. The significance of this study
derives from the fact that it constituted the first step in order to close the gap in the
implementation of the groundwater management policy in terms of both quality and
quantity. Its impacts will be more apparent in time, as the similar scoping studies will
start to build on the methodologies developed with this one; and once PoM proposed
with this study is started to be executed.
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Figure 1. Location map of Gediz River Basin

Method
Implementation Steps and Methodologies

As implied by the legislation, the ultimate scope is to preserve the status of
groundwater that is classified to be of good status; and to protect and improve the
status of the groundwater against pollution and deterioration. To reach this goal a
methodological and stepwise approach was introduced and a PoM was also set up
based on the results and findings throughout the study.
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Delineation of Groundwater Bodies

Within the scope of the Turkish bylaw on the protection of groundwater
against pollution and deterioration, “groundwater body” is defined as the significant
amount of groundwater in aquifer(s), and it is introduced as the basis for the other
implementation steps. Therefore, in every consequent implementation step from
characterization to risk analysis, determination of threshold values, assessment of
status and establishing of the PoM; groundwater bodies to be determined at this stage
shall be used.

Upon the examination of various guidance documents and applications; it was
observed that different methodologies were applied and different criteria were taken
into consideration in delineation of groundwater bodies, due to the local
characteristics that can be quite different in each country/basin. While some of these
criteria (hydraulic properties, hydro/geological boundaries, etc.) were taken into
account in almost all applications; use of other criteria (ecosystems, water use,
pressures, risk potential, differences in status etc.) seem to depend on local
characteristics. Moreover, very specific criteria (temperature, vertical flow,
topography, administrative units/boundaries, etc.) were also considered to address
unique and rare characteristics of the area. Hence, it is not possible to apply these not
often seen distinguishing criteria in all applications.

The methodology for delineation of the groundwater bodies in the GRB was
developed with thorough investigations and revised in line with the opinions and
remarks of the decision making and implementing institutions. The resulting
methodology was set up by combining the geological and hydrogeological criteria
used in most applications together with the criteria having great importance for
Turkey (such as drinking water use and protection requirements for ecosystems and
agricultural pressures). The 7-tier methodology is composed of the following stages:

e Tier-1: Division of the basin according to the boundaries of the geological
units

e Tier-2: Grouping units according to their water bearing potential (as aquifers
and non-aquifers)

e Tier-3: Identification of ecosystems (potentially) associated with groundwater

e Tier-4: Classification of aquifers according to their hydrogeological
properties (as higher-yield aquifers of significant groundwater potential and
lower-yield aquifers of limited groundwater potential)

e Tier-5: Assessment of wells/springs used for drinking water above a certain
yield (determined to be 10 I/s, for the GRB)
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e Tier-6: Implementation of scoring system (considering hydraulic conductivity
and specific capacity of the units, which are indicative of productivity of the
aquifers; and population density and land use that can be used as a
preliminary indication of pressures on groundwater). In that sense, this stage
is a kind of control mechanism to check if there is a critical location which
could not be determined in previous stages; and if so include them in process.

e Tier-7: Sub-division/aggregation of groundwater bodies (groundwater bodies
of small outcrops located at close proximity and of similar characteristics
were combined; while larger ones were divided into smaller ones, if there are
locally different types of pressures
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Figure 2. Groundwater bodies delineated in the Gediz River Basin.

Finally, following the guidance of the 7-tier methodology, 76 groundwater
bodies, total area of which corresponds to 54% of the basin, were identified (Figure
2).

Initial characterization.

Following delineation of groundwater bodies, it is necessary to carry out
characterization studies. As stated in WFD, initial characterization to be implemented
for all identified groundwater bodies, should be based on existing information and be
supported with the conceptual models, where appropriate.
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According to WFD, following information must be specified for each
groundwater body: location and boundaries of groundwater bodies; pressures on
groundwater bodies; general characteristics of the formations located in drainage area
recharging groundwater bodies; and groundwater bodies on which surface water or
terrestrial ecosystems directly depend. On the other hand, determination of the
pressures on quantity and quality of groundwater and possible impacts of these
pressures require very detailed studies. Therefore, within the scope of current
implementation step (initial characterization), pressures on the quantity and quality of
groundwater and probable impacts were discussed briefly; while the detailed work
carried out regarding these stages were elaborated in next steps of implementation
(“Determination of Pressures and Impacts” and “Risk Assessment”). The general
aspects were elaborated in order to clarify characteristics of both groundwater bodies
and the basin more clearly and have been enriched by including additional
parameters. As a result, all parameters selected for the initial characterization of
groundwater bodies are listed below in Table 1. By using these criteria;
characterization tables were generated for each groundwater body together with a
generalized section and a map showing geographical location of the body in the
basin.

Table 1
Contents of Initial Characterization Tables
Main Context Required information/data
1. Groundwater body number and code
General . .
) 2. Central point coordinate
Information
3. Area
4. Surrounding groundwater bodies
5. Geological unit
Geol
col08y 6. Lithological structure
7. Groundwater level
8. Annual groundwater level fluctuation
9. Aquifer t
Hydrogeology quiter type

10. Aquifer thickness
11. Hydraulic conductivity
12. Surface water bodies and wetlands within groundwater body boundaries

Hydrogeochemistry  13.Physicochemical parameters

14.Type of pressure
15.Land use

Pressures 16.Possible hazardous substances
17.Purpose of abstractions
18.Artificial recharge
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Determination of pressures and impacts.

For each groundwater body, pressures on quantity and quality of groundwater,
and their possible impacts, were examined in detail. All related works were carried
out in compliance with the legislation.

Determination of Pressures and Impacts on Groundwater Quantity

The main pressure resulting from human activities on the quantity of
groundwater is groundwater abstractions in the basin. Its possible impacts can be
determined directly by the evaluation of the long-term groundwater level changes.
The impacts can also be determined indirectly by the ratio of quantity of abstraction
to recharge. Within the scope of this study, due to the absence of historical
groundwater monitoring data representing each groundwater body; indirect method,
based on the comparison of quantities of groundwater recharge and abstraction, was
used. Amount of recharge was calculated by ‘“hydrological model” approach. The
amount of groundwater abstractions were calculated on basis of studies presented in
the GRB Hydrogeological Investigation Report (MoFWA, 2015). In this approach,
the amount of abstraction and recharge, together with their proportion as a
percentage, were calculated in Geographical Information System environment.
Consequently, the classification of pressure (such as high, medium, low, and no
pressure) was determined according to the ratio for each groundwater body.

On the other hand, impacts of these pressures could be determined directly by
assessing of the long-term groundwater level changes, which were not available for
all groundwater bodies. For this reason, classification of pressure at this stage was
done based on all quantitative assessments throughout the consecutive
implementation steps.

Determination of Pressures and Impacts on Groundwater Quality

In the basin, the main pressures on quality of groundwater were determined as
agriculture, livestock, solid waste storage, urban and industrial activities, as well as
mining and geothermal activities. Each groundwater body was classified in four
classes (high, medium, low, no pressure) in terms of each pressure element, by
calculating pressure class intervals obtained from the statistical analysis. Information
on criteria by which each pressure element is classified is summarized below.
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e Pressures from agricultural activities were related to the size of agricultural
areas within the boundaries of groundwater bodies, using CORINE (EEA,
2012) data.

o Pressures from livestock activities were expressed in terms of total pollutant
loads within the boundaries of each groundwater body. For this purpose,
pollutant load constants determined in Basin Protection Action Plan (BPAP)
for the GRB (MoFWA, 2013) and number of livestock were used.

o Pressures from solid waste disposal activities were evaluated by relating
these pressures to the capacities of waste disposal areas located within the
boundaries of each groundwater body.

o Pressures from domestic activities were represented by wastewater discharge.
The amount of wastewater discharge was determined using population
dependent wastewater generation coefficients given in BPAP per capita and
the census information for all settlements within boundaries groundwater
bodies.

o Pressures from industrial activities can vary widely depending on type of
active industry, produced product and quantity of the waste generated. For this
reason, it is not possible to clearly identify, grade and compare pressures
arising from industrial activities. It shall be a safe approach to represent
pressures of industrial activities with quality of the resulting receiving
environment (surface waters); all of which were classified either as
contaminated or very contaminated water within the scope of “Application of
Total Maximum Daily Load Approach Project in the GRB (TMDLAP)”
(MoFWA, 2017). Therefore, with a conservative approach, groundwater
bodies where industrial activities are present were classified to be under high
pressure.

e Pressures from geothermal activities were expressed by the number of
geothermal wells per groundwater body; as they may put a pressure on the
quality of groundwater due to the problems with their installation and due to
improper re-injection of the abstracted hot water.

o Pressures from mining activities were related to the presence of mining
operations, which may be associated with uncontrolled discharges and wastes;
as the main purpose of this implementation step is to examine pressures of
anthropogenic activities rather than natural enrichment of certain elements.

After pressure classes were obtained for each activity; pressure class of the
highest order was defined as the general quality pressure class of the groundwater
body. On the other hand, in most cases, it is not possible to determine the individual
impacts of all these anthropogenic pressures. As mentioned in Guidance Document
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No. 3 (Analysis of Pressures and Impacts), due to the fact that many of the impacts
are not easily measurable, quality information of groundwater is often used as an
indicator of, or surrogate for, impact (EC, 2003).

Within the scope of this study, impacts of anthropogenic pressures on quality of
groundwater were determined using the results of the previous chemical analysis. The
results of these analyses were compared to the limit values determined by the
Regulation on Waters for Human Consumption in all groundwater bodies from which
drinking water is supplied; and compared to the limit values determined by the Draft
Regulation on Quality of Irrigation Waters and Reuse of Wastewater (MoFWA) for
the groundwater bodies used only for irrigation. Impact assessment was performed on
the parameters, for which limit values are set in both regulations. As a result of the
detailed analyses, the level of impact on each groundwater body was classified under

99 €6

three classes as “impact”, “potential impact”, and “no impact” (Figure 3).
Risk assessment.

Risk Assessment Methodology of groundwater bodies is shown in flow chart
below (Figure 3). As seen from this flow chart, the first step of the risk assessment is
“Determination of Pressures and Impacts”. According to the methodology specified
in Figure 3, after pressures derived from the human activities and their impacts on
quantity and quality of groundwater are revealed, determination of groundwater
bodies at risk was carried out in 4 stages. These four steps and applied methodologies
are presented below in detail.

Determination of groundwater bodies at risk in terms of quantity (Step 1):
The main pressures on quantity of groundwater are abstractions and artificial
recharges. In the present case, there is no artificial recharge in the GRB. In order to
determine the risk quantitative risk status of groundwater bodies, groundwater level
changes must be revealed by long-term monitoring activities. However, as previously
mentioned, information on long-term changes in groundwater levels is not adequate.
In such cases, Guidance Documents suggest that classification systems can be used at
preliminary assessments. Therefore, in this study, pressure classes set up based on the
ratio of abstraction to the recharge; were converted to risk classes. This is a fairly
conservative approach as no adequate data for groundwater levels is available. As a
result, of the 76 groundwater bodies, 12 were defined to be at risk, 8 were defined to
be at potential risk and 56 of them were defined to be at no risk.
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Figure 3. The flow chart of the Risk Assessment Methodology

Risk assessment in accordance with pressures (Step 2): As described above,
each groundwater body was assigned an overall quality pressure class
(high/medium/low/no pressure) considering each pressure element. At this step, all
the groundwater bodies previously determined to be under high pressure, were
directly determined to be at risk, without any further analysis.

Risk assessment in accordance with impacts (Step 3): In the GRB, for 55
groundwater bodies, there are previous chemical analyses results revealing their
quality. For those groundwater bodies where previous chemical monitoring data is
available, a Classification Approach was applied, and impact classes were associated
to the risk classes. At this step of the methodology; the groundwater bodies
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determined as impacted and no impact, were identified to be at risk and no risk,
respectively.

Risk assessment with sensitivity - pressure analysis (Step 4): Risk status of the
groundwater bodies, for which there are no previous chemical analyses that can be
used as a direct indicator of impacts; together with those, which were identified as
potentially affected in Step 3; was determined by the indirect methods based on the
correlation of pressures of pollutants and the vulnerability of aquifers to pollution. As
noted in Guidance Documents; indirect methods have been used while assessing risk
of groundwater contamination during initial implementation of WFD. At this step
DRASTIC method was applied to determine the vulnerability of groundwater bodies
to pollution in case sufficient data and information are available. Pollution
vulnerability determined by DRASTIC method was then associated with pressures of
pollutants on the groundwater body in order to assign to the risk status of
groundwater bodies, indirectly. In the cases where data and information were
insufficient or limited for the application of DRASTIC method; then, risk
classification was based on the pressures regardless of the vulnerability; which was a
highly conservative approach. This approach, referred to as “weight of evidence”, is
defined in Guidance Document No. 26 (Guidance on Risk Assessment and the use of
Conceptual Models for Groundwater) as the use of whatever data are available to
make an assessment of the most likely outcome or the ‘direction of travel’ in the
assessment (EC, 2010). Hence, low pressure class was classified as “no risk”; while
medium pressure class was associated with “potential risk”.

As a result of risk assessment process for the quality aspects, 34 of 76
groundwater bodies in the GRB were determined to be at risk, 7 at potential risk, and
35 at no risk.

Further characterization.

In line with WFD requirements, “Further Characterization” studies have to be
executed for groundwater bodies identified as “at risk”. Moreover, the groundwater
bodies determined to be potentially at risk; were also included in this implementation
step. As a result, “Further Characterization” studies were carried out for a total of 44
groundwater bodies according to the risk classes considering both quantity and
quality. In this stage, studies carried out in “Initial Characterization” were elaborated
with the additional data/information. Moreover, during “Further Characterization”
studies, new data/information was compiled to overcome deficiencies. In cases,
where there is no information available based on the performed office and field
studies, this missing information was completed by methods such as literature survey,
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stimulating groundwater bodies, etc. At this implementation step, two main groups
(Classification and Land Use) were added to the existing five main context presented
in the initial characterization table (Table 1). The complementary items added to the
initial characterization table (Table 1) are:

e Hydrogeology: porosity; neighbouring groundwater bodies in the lateral
plane; neighbouring groundwater bodies in the vertical plane

e Pressures: quantity of abstractions; recharge

e Hydrogeochemistry: chemical class; parameters that cause the groundwater
body to be defined as impacted

e Land use: large surface water storage structures

e C(lassification: pressures; impacts; risks

Finally, further characterization table included a total of 29 parameters under 8
main contexts with the inclusion of the context “Other”, which includes the following
information:

e Site location maps showing geographical location of each groundwater body
in the basin;

e Properties and spatial distribution of soil hydrotypes within the boundaries of
the bodies;

e Generalized stratigraphic sections for the groundwater bodies, representative
well logs and geological cross sections;

e Piper Diagrams used to demonstrate chemical class of groundwater;

e Inventory tables that summarize the pressures on each groundwater body;

e Maps showing land use of each groundwater body according to CORINE
(2012) data and

e Maps showing distribution of total nitrogen and phosphorus loads calculated
for micro-basins for surface water bodies as an indicator of the pressures from
human activities;

e Maps showing distribution of quantity and quality monitoring points within
the groundwater body.

Groundwater monitoring.

The aim of this implementation was to establish a groundwater monitoring
programme so that data/information on the quantity and quality of groundwater can
be obtained. Considering the duration and the scope of the study conducted in the
GRB, it was taken three rounds for monitoring of groundwater. One of the important
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factors in the design of the monitoring network was the location of pressure elements
with respect to the locations of current wells and springs. In addition, groundwater
flow directions were also taken into consideration in order to infer the possible
impacts. Similarly, to reveal pressures on quantity, the areas where abstractions are
concentrated were taken into account. Consequently, a preliminary field study was
conducted to determine the current conditions of the monitoring points; and to replace
the selected monitoring points with appropriate alternatives, if required.

Quality Monitoring Programme: 107 groundwater samples were collected
from wells/springs; and besides 3 samples were also collected from surface waters. In
process of determining the parameters to be analysed, outputs of the Determination of
the Pollutants having Potential to Seep into Groundwater Project (DPPSGP),
MoFWA (2015), were utilized. Within the scope of that project, possible
contaminants that may emerge from industrial activities; together with the widely
used pesticides were determined for the GRB, which were all included into the
monitoring programme. In addition to this list, results of surface water chemical
analyses carried out in TMDLAP were evaluated and seven parameters having
potential to seep into groundwater were also added to the list. As a result,
151 parameters were analysed in each sample.

Quantity Monitoring Programme: Groundwater level measurements were
performed at the selected 145 points to be able to assess groundwater quantity for
three periods.

Distribution of the monitoring points within the GRB is presented in Figure 4.
The results obtained from this monitoring programme guided the consecutive
implementation steps (determination of thresholds, assessment of status, setting up of
the PoM, etc.). It should be noted that the quality and quantity of groundwater at the
scale of groundwater bodies in the basin was firstly done by this study. Therefore, the
continuation of this monitoring programme is of utmost importance in terms of
ensuring the persistence of all implementation stages.
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Figure 4. Monitoring network for the Gediz River Basin

Determination of threshold values.

One of the main objectives in management of water resources, as emphasized
both in national and European Union (EU) legislation, is to ensure that water bodies
are in good qualitative status. For the assessment of chemical status of groundwater
bodies; measured and observed chemical properties of groundwater are compared
with specific criteria; which are the groundwater quality standards and the threshold
values.

e Groundwater quality standards for nitrates and pesticides were established at
community scale with WFD in EU; and were set by the bylaw in our country.

e On the other hand, for all the other parameters, threshold values have to be
determined specifically, on the required scale considering the availability and
extend of the monitoring data. Therefore, determination of the threshold
values is a very critical step in qualitative status assessment.

According to the legislation, for the groundwater bodies defined to be at risk; it
is necessary to set threshold values for each parameter causing that groundwater body
to be classified as at risk; namely constituting risk on the quality of groundwater.
Throughout the studies for determination of the threshold values, 151 parameters
analysed within the scope of this project at 110 sampling points for the three periods
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were taken as the basis. Accordingly, threshold values for those parameters having
enough data and deemed to pose risk according the results of the analysis were
determined.

When directives, regulations and applications based on them are examined, it is
seen that process of determining threshold values basically is based on the principle
of comparing criterion value of relevant parameter with its natural background levels.
Thus, one of the two most important issues in establishing the threshold values stands
for the natural background levels (NBGLs), the other is the selection of appropriate
reference values (REF). Upon determination of these two values separately for each
parameter; threshold value of relevant parameter is determined based on the method
in which NBGL and REF values are compared. It should be noted that this method
provides an approximate range of values, within which threshold values can be set;
rather than imposing a single precise value, thus providing flexibility to the decision
makers. In this manner, administrative decisions are included in a process of setting
up of the threshold values. Within the scope of this project, methodologies
implemented by EU countries and suggested by BRIDGE (Background cRiteria for
the IDentification of Groundwater thrEsholds) project (EU FP6, 2006), were adopted
in the process of determining thresholds and natural background levels.

As a result of the analysis and evaluations made in accordance with the
methodology for the establishment of the threshold values, among the 151 parameters
analysed, threshold values for 37 parameters and two groups of parameters
(trihalomethanes and sum of trichloroethylene and tetrachloroethylene) were
specified. Moreover, it should be noted that nitrate and pesticides already have
quality standards determined by regulations.

Assessment of the status.

One of the fundamental objectives for the management of water resources is to
reach the good status in quantity and quality for all water bodies, as emphasized both
in the legislation of Turkey and the EU. Criteria to be used in determination of the
status of groundwater bodies are determined in such directives and legislations.
However, even though general definitions are outlined; no precise information is
available regarding the method to be implemented or the methodologies to be
followed for the assessment of the status of groundwater. For this purpose, some
classification tests are introduced with CIS Guidance Documents. These classification
tests would be implemented as per the status of information about existing data and
system. To determine the status of groundwater bodies in the GRB, all the
information and data gathered in the previous stages were considered and suitable
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tests were performed. Assessments were carried out in the three phases as
summarized below:

Quantitative Status Assessment. Considering the existing data/information for
the GRB; Water Budget Test was implemented to assess the quantitative status. Basic
parameters considered in this test are groundwater recharges and abstractions; which
were already calculated in the previous steps. For the Water Budget Test, ratio of
abstraction to recharge in each groundwater body was used. Considering safe yield of
the aquifers, groundwater bodies for which the ratio is over %75 were defined as in
the poor status; while groundwater bodies in which this ratio is equal to or less than
%75 were classified as in the good status.

Qualitative Status Assessment:. Assessment of the qualitative status is basically
based on a comparison of the threshold values (TV) and the quality standards (QS) to
the measured concentrations. However, exceedance at one or more points within the
boundaries of the groundwater body is not sufficient to classify it as in the poor
status; but further analysis and additional assessments (classification tests) are
required. Hence, a methodology based on comparison of TV and QS with the
measured concentrations; and enriched with the tests to be conducted with the
available data/information and point based investigation of pollutant sources was set
up as follows:

o Comparison of Measured Concentrations with TV and QS: Groundwater
bodies, where TV and QS are not exceeded, were classified to be at good
status.

o Implementation of Relevant Tests: In cases of exceedance, classification tests
should be executed. In this study, considering the available data/information
and those required for the tests; General Quality Assessment Test was
implemented. It involves the comparison of the TV and QS to the spatial
average for the relevant parameter calculated for all monitoring points within
the boundaries of a groundwater body. If the spatial average does not exceed
TV and QS; the groundwater body is classified to be at good status.

e Distinguishing between Anthropogenic and Natural Sources of Pollution: In
cases where spatial average exceeds TV and QS; its reasons should be
investigated. For this purpose, a detailed field survey was conducted to
distinguish between anthropogenic and natural sources behind the exceedance.
If it is associated with human activities, the groundwater body is classified to
be at poor status. On the contrary, if it is derived from natural reasons, the
groundwater body is classified to be at good status.
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Integrated Status Assessment of Groundwater Bodies in terms of Quantity
and Quality: At this stage, ultimate status of the groundwater was determined as per
the relatively worse one of the qualitative and quantitative status.

Results

A number of strategies should be developed in order to reach good status for all
water bodies and to prevent the groundwater from pollution as well as to keep them
under control. Firstly, the groundwater bodies and monitoring points, where the
measures should be taken, need to be determined. As a result of the comprehensive
works and analysis, it was determined that overall status of 33 groundwater bodies in
the basin, has to be improved. Hence, they were included in the PoM. Monitoring
points located in groundwater bodies having good status, while the TV and QS were
exceeded were also included in the PoM. Figure 5 presents the map showing the
overall status of groundwater bodies and the monitoring points included in the PoM.
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Figure 5. Overall status of groundwater bodies and monitoring points included in
PoM.

After determination of the groundwater bodies and monitoring points to be
counted in the PoM, detailed studies were conducted both in the office and at the
field. As previously mentioned, an extensive field investigation was performed and
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every anthropogenic pressure element was investigated and associated to the high
concentration of the measured parameters, if possible. On the basis of the monitoring
points, at the 35 groundwater sampling locations (among 106); reasons of exceedance
were associated with the anthropogenic pressures. It is notable that among these 35
points, where threshold values or quality standards were exceeded due to the human
activities; 30 of them were associated to agriculture, followed by animal husbandry
(6), domestic discharges (4), solid waste disposal (2), geothermal activities (2) and
mining activities (1). All of these were included in the PoM and measures were
provided at several scales.

In the end, a PoM was set up in the compliance with the regulations including
basic measures, specific measures and measures that should also be taken with the
purpose of protections of coastal aquifers and groundwater bodies supplying drinking
water. It should be noted that while some measures (like prohibition of direct
discharges, monitoring and auditing) are valid for all groundwater bodies, some
measures might pertain to a specific groundwater body (prevention of salt water
intrusion along coastal aquifers) or even to a specific monitoring location (closing the
geothermal wells executing improper re-injection). Moreover, some aspects
recommended in the PoM (such as commissioning waste water treatment plants,
conversion to regular waste storage, etc.) were also debated, prioritized and scheduled
in BPAP (dated back to 2013). However, it was observed that implementation of the
proposed actions in BPAP, is currently far behind the proposed schedule, in many
aspects.

Discussion and Conclusion

In this study, the framework determined with national regulation on protection
of groundwater against pollution and degradation was taken as basis. In that sense,
this is the first study, in which the requirements of the national regulation were
implemented in line with the guidance of the EU directives. Considering the fact that
this was the first study executed in our country; the outcomes of project were aimed
to be a guide for the projects following it. Therefore, while methodologies were being
set up for each implementation step, it was aimed that the proposed methods would
be applicable with already existing and/or obtainable data/information. In such
studies to be conducted either in the Gediz River Basin or in the other basins from
then on, continuity and improvement of the proposed methods and methodologies
would be possible by filling out the gaps in the data/information outlined with the
outcomes of this study.
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Continuation of the monitoring studies that were started in the basin with this
study would be very crucial. However, it should be emphasized that monitoring
studies conducted within the scope of this study included only existing wells and
springs. Although, the most representative points were selected; it should be noted
that the distance of existing wells to the pollution sources would complicate the
determination of a possible pollution due to the dilution and attenuation processes
along the transport pathway. Hence, a supplementary monitoring network was
designed proposing new wells closer to the possible pollution sources; which is one
of the most significant outcomes of this study for the future implementations.

Moreover, this being a part of the proposed PoM; BPAP, which was observed
to fall behind the schedule foreseen, should be kept on track. Concurrently,
implementation of the measures proposed as the outputs of this study should be
ensured. Close and regular follow-up of the execution of the PoM is strongly
recommended, to observe the effects of the decisions made and detect the trends in
the status of groundwater bodies, which supposed to improve, if all the measures are
taken on time.
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Extended Turkish Abs_t.ract
(Genigsletilmis Tiirkce Ozet)

Yeralt1 Suyunun Kalite ve Miktar Bakimindan Yonetimi:
Gediz Nehir Havzas1 Ornek Calismasi

Bu caligsma, iilkemizin en onemli dogal kaynaklarindan biri olan yeralti sularinin miktar ve
kalite ozelliklerinin belirlenmesi siire¢lerini kapsamaktadir. Ayrica AB mevzuatlarin1 uyumlastirma
calismalar1 sonucunda yayimlanan “Yeralti1 Sularmin Kirlenmeye ve Bozulmaya Karsi Korunmasi
Hakkinda Yonetmelik”inde yer alan tim uygulama adimlarmin Tiirkiye’de uygulanabilmesi icin
yontem ve metodolojilerin gelistirilmesi ve bunlarin Gediz Nehir Havzas1 6rneginde uygulanmasi
hedeflenmistir.

S6z konusu yonetmeligin ilk uygulama adimi olan “Yeraltt Suyu Kiitlelerinin Belirlenmesi”
asamasi, yeraltt suyu yonetimine iliskin uygulamalarda, kendisinden sonra gelecek calismalarin
temelini olusturmasi1 bakimindan bilyiik 6nem arz etmektedir. Bu konu ile ilgili daha dnceki caligmalar
incelendiginde farklt metodolojilerin uygulandigi ve farkli kriterlerin dikkate alindig1 goriilmiistiir. Bu
calismada; pek ¢ok drnek uygulamada kullanilan jeoloji ve hidrojeoloji kriterlerine ek olarak Tiirkiye
icin onem arz eden diger kriterlerin de dahil edilmesiyle 7 agamali bir metodoloji olusturulmus ve
Gediz Nehir Havzast icin, 76 adet yeralt1 suyu kiitlesi belirlenmistir.

Belirlenen tiim kiitleler ig¢in  “Baslangic  Karakterizasyonu” uygulama adiminin
gerceklestirilmesi gerekmektedir. Bu adim temel uygulama adimlarindan olan “Baski ve Etkilerin
Belirlenmesi” ve “Risk Degerlendirmesi” agamalarini da kapsamaktadir. Ancak, her birine iligkin
mevzuatin ayrintilari ile ortaya koyulabilmesi ve metodolojilerin ayri ayri incelenebilmesi amaciyla,
her bir siire¢ ayri basliklar altinda degerlendirilmistir. Bu asamada, tiim yeralti suyu kiitlelerini
baslangi¢ diizeyinde karakterize edebilmek amaciyla segilen parametreler yani sira; genellestirilmis
kesitlerin ve yer bulduru haritalarinin da yer aldig1 karakterizasyon tablolart olusturulmustur.

“Baski ve Etkilerin Belirlenmesi” ¢alismalarinda, insani faaliyetlerin olusturdugu baskilar; ve
baskilarin muhtemel etkilerinin belirlenmesi i¢in gerceklestirilen tiim ¢aligmalar miktar ve kalite olarak
iki ana baglik altinda incelenmistir. Havzada yeralti suyunun miktart iizerindeki baskilar, gekimlerden
kaynaklandigindan tiim kiitleler i¢in Cekim-Beslenim Analizi yapilarak miktar {izerindeki baskilar
belirlenmistir. Buna ek olarak uzun dénem yeralti suyu seviyelerinin 6l¢iildiigli lokasyonlarda da
Yagis-Rasat Analizleri gerceklestirilmistir. Havzada yeralti suyunun kalitesi iizerindeki baskilar
noktasal (kentsel, endiistriyel, madencilik ve jeotermal) ve yayili kirleticiler (tarim, hayvancilik ve kati
atik depolama) olarak iki temel grupta incelenmis ve her bir yeralti suyu kiitlesi i¢in tiim bu baskilar
derecelendirilmistir. Insani faaliyetlerden kaynaklanan bu baskilarin, yeralt: sularinin Kalitesi iizerinde
olusturdugu etkiler ise; mevcut kimyasal analiz sonuglar1 kullanilarak belirlenmistir.

“Risk Degerlendirmesi” uygulama adiminin temelini bir 6nceki uygulama adiminda belirlenen
baski ve etki siniflar1 olusturmaktadir. Risk altindaki yeralti suyu kiitlelerinin belirlenmesi i¢in $6z
konusu iki uygulamanin birbirleri ile iligkilerini de igeren 4 asamali bir metodoloji olusturulmustur.
Buna gore; hem miktar hem de kalite bakimindan risk altindaki yeralti suyu kiitleleri belirlenmistir.
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flgili mevzuat geregi, “risk altinda” olarak tanimlanan yeralti suyu kiitleleri icin “Ayrintili
Karakterizasyon” c¢aligmalarinin  tamamlanmasi  gerekmektedir. Bu  dogrultuda, baslangig
karakterizasyonunda gerceklestirilen ¢aligmalar risk altindaki yeraltt suyu kiitleleri igin
ayrimtilandirilmis ve karakterizasyon adimi tamamlanmistir. Sonuglar kiitle bazinda hazirlanan
tablolar, haritalar, grafikler seklinde sunulmustur.

“Yeralti Sularinin Izlenmesi” uygulama adimi kapsaminda, iki yagisl, biri kurak olmak iizere
iic donem izleme calismalar1 yapilmistir. Izleme noktalari mevcut kuyu ve kaynaklarin konumlar
dikkate alinarak, miktar ve kalite durumunu en iyi sekilde temsil edebilecek noktalardan secilmistir.
Bu program kapsaminda, 110 numunede 151 parametrenin analiziyle yeralt1 sulariin kalitesi ve 145
noktada yapilan yeralti suyu seviye dl¢timleriyle de yeralt1 sularinin miktari izlenmistir.

Yeralti suyu kiitlelerinin iyi durumda olup olmadiklar1 kimyasal agidan degerlendirilirken;
olgiilen ve gozlemlenen kimyasal 6zellikler belirli kriterler ile karsilastirilir. Bu kriterler yeralti suyu
kalite standartlar1 ve esik degerlerdir. Bu nedenle, “Esik Degerlerin Belirlenmesi” uygulamasi; takip
eden asamalarda kullanilacak temel kriterleri olusturmalart bakimindan; siirecin en Onemli
adimlarindan birini teskil etmektedir. AB’de ve Tiirkiye’de nitratlar ve pestisitler icin kalite
standartlar1 belirlenmistir. ilgili mevzuat geregi, su kiitlesinin risk altinda olarak smiflandirilmasimna
sebep olan her parametre igin esik degerlerin belirlenmesi stireci, kriter deger ile dogal arka plan
seviyelerinin kargilagtirilmasina dayanmaktadir. Bu c¢alisma kapsaminda, Yeralti Suyu Esik
Degerlerinin Belirlenmesi i¢in Arka plan Kriterleri (BRIDGE: Background Criteria for the
Identification of Groundwater Thresholds) projesi incelenmis ve bu projenin ¢iktilar1 olan
metodolojiler takip edilmistir. Sonug olarak, yonetmelikteki kalite standardi bulunan parametrelere ek
olarak, havzada yeralti sularinin kalitesi lizerinde risk teskil ettigi belirlenen 37 parametre ve iki
parametre grubu (trihalometanlar ile trikloretilen ve tetrakloretilenin toplami) i¢in de esik degerler
belirlenmistir.

Yeralt1 suyu kiitlelerinin iyi duruma ulastirilmasi amaciyla takip edilecek olan metodolojinin
biliylik bir bolimii Tirkiye’de yiirlirlikte olan Yeralti Sularmin Kirlenmeye ve Bozulmaya Karsi
Korunmasi Hakkinda Yonetmelik ile belirlenmistir. Buna ek olarak, siiflandirma testleri ise; mevcut
verilerin ve sistem ile ilgili bilgilerin durumuna gore yapilabilmektedir. Miktar ve kalite bakimimdan
ayri ayr1 “Durum Degerlendirmesi” yapilmis ve bu iki degerlendirmenin sonucu birlikte ele alinmistir.
Her bir yeralt1 suyu kiitlesi, gorece daha zayif olana gore belirlenen tek bir durum ile ifade edilmistir.
Gediz Nehir Havzasi i¢in belirlenen 76 kiitleden 33’{ zayif durumda; diger 43 tanesi ise iyi durumda
olarak siniflandirilmstir.

Sonug olarak; yeraltt sularinin kirlenmesini 6nlemek ve kirliligi kontrol altinda tutmak i¢in bir
takim stratejiler gelistirilmesi gerekmektedir. Ayrica, kiitlelerin durumlar1 ve izleme programi
neticesinde elde edilen sonuglar dikkate alinarak, bir tedbirler programi hazirlanmalidir. ilgili
yonetmelikteki “Tedbirler Programi” kapsaminda, temel tedbirler, 6zel tedbirler ve ilave tedbirlerin
yant sira kiy1 akiferlerinin ve igme suyu amacl olarak kullanilan yeralti suyu kiitlelerinin korunmasi
i¢in gereken tedbirler yer almalidir. Gediz Nehir Havzasi i¢in zayif durumda oldugu belirlenen yeraltt
suyu kiitleleri tedbirler programina dahil edilmistir. Bunlara ek olarak; iyi durumda olan ancak,
herhangi bir noktasinda esik deger ve/veya kalite standartlarinin asildig1 izleme noktalar da tedbirler
programina alinmis ve bu lokasyonlar igin ofis ve sahada detayli ¢alismalar gergeklestirilmistir. Bir
sonraki asamada ise havzadaki tiim bask1 unsurlari i¢in havzanin mevcut durumu dikkate alinarak ayri
ayr1 tedbirler sunulmus; bunlara ek olarak igme suyu amagli kullanimlara; koruma alanlarma ve kiy1
akiferlerine yonelik tedbirlerin de eklenmesi ile tedbirler programi zenginlestirilmistir.
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Tiirkiye’de yiiriirliikte olan Yeraltt Sularinin Kirlenmeye ve Bozulmaya Karst Korunmasi
Hakkinda Yonetmeligin gerekliliklerinin bastan sona uygulandigi ilk ¢aligma bu proje olmustur. Bu
nedenle proje siiresince gerceklestirilen ¢aligmalarin yeni c¢alismalar ig¢in de yol gdsterici olmasi
hedeflenmistir. Bu proje kapsaminda baslatilan izleme c¢alismalarinin siirdiiriilmesi en Onemli
kazanimlardan biri olacaktir.
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Abstract
The physical structures and the habitat qualities of any rivers and degradation in rivers have become
important elements of hydromorphological assessment because of recognising the influences of these
variables in biotic structure that led to the development of more comprehensive assessments of rivers,
including river habitat structure within the quality assessment. Accordingly, numerous
hydromorphological assessment methods have been developed worldwide including Europe after the
Water Framework Directive came into force. Turkey, as a European Union candidate country, has
started to implement the Directive and has made some progress. In this context, Turkey needs to develop
a national hydromorphological assessment method compliant with the. Two of Multi Criteria Decision
Making (methods, which are Analytical Hierarchy Process and Simple Additive Weighting were applied
to find the most suitable hydromorphological assessment method for Turkey. For this aim, we reviewed
25 non-European methods and 19 European methods, and determined the Slovenian method and the
South African method as the most convenient ones.
Keywords: hydromorphological-assessment, Multi Criteria Decision Making Method

Oz
Nehirlerdeki fiziksel yapilar, habitat kalitesi ve bozulma, bunlarin sucul biyotik yapiya olan etkilerinin
anlasilmasiyla, kalite degerlendirilmesinde habitat yapisida dahil nehirlerin daha kapsamh
degerlendirilmesine izin veren hidromorfolojik degerlendirmede 6nemli elemanlar1 olmuslardir. Bu
nedenle birgok iilkede ¢ok fazla sayida hidromorfolojik degerlendirme metodlar: gelistirilmistir. Bu
metotlar amag ve yaklagim agisindan farkliliklar gostermektedir. Bazi metotlar fiziksel habitat ve kiy1
habitat1 degerlendirmesini igerirken digerleri morfolojik ve hidrolojik degisimin derecesini belirlemek
icin kullanilmaktadir. Fakat yaygin ve giincel metotlar multimetrik; morfolojik, hidrolojik, habitat
kalitesini bir arada degerlendirmektedir. Avrupa’da ise Su Cergeve Direktifi (SCD) nin yiiriirliige
girmesinden sonra bu alandaki degerlendirme metotlar1 hizla geligmistir. Tiirkiye Avrupa Birligi aday
iilkesi olarak SCD’yi uygulamaya baslamis ve bu konuda ilerleme kaydetmistir. Ancak, Tiirkiye kendine
ozgii ve SCD ile tam uyumlu ulusal hidromorfolojik degerlendirme metodunu gelistirmeye ihtiyag
duymaktadir. Tirkiye i¢in en uygun degerlendirme metodunun bulunmasi ig¢in bu caligmada “Cok
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Kriterli Karar Verme” yontemlerinden ikisi, “Analitik Hiyerarsi Siireci” ile “Basit Agirlik Ekleme”
kullanilmistir. Bu amagla Avrupa Birligi iilkelerinden 19 adet ve diger iilkelerden 25 adet metot
degerlendirilmistir. Calismanin sonucunda, Avrupa Birligi iilkelerinden Slovenya Metodu ve diger
iilkelerden Giiney Afrika Metodunun Tiirkiye nehir hidromorfoloji degerlendirilmesinde kullnilabilecek
en uygun metotlar olduguna karar verilmistir.

Anahtar kelimeler: hidromorfolojik degerlendirme, Cok Kriterli Karar Verme Metodu,

Introduction

During the last two decades, characterisation of river physical structure,
assessment of river habitat quality and degradation has become important elements of
hydromorphological assessment (Raven et al., 2002; Boon et al., 2010) because the
importance of physical characterisation in ecological studies aiming to explain
structure and composition of biotic systems has been widely recognised (Fernandez et
al., 2011). It has been noticed that river condition assessment is needed to achieve
better understanding of river processes by considering interactions between pressures
and response variables (Fryirs et al., 2008). All of these led to the development of more
comprehensive assessments of rivers, including river habitat structure within the
quality assessment, for example, River Habitat Survey by Raven et al. (1997), Boon
et al. (2010). Within the Europe, this wider concept of quality assessment gained
importance after the introduction of the EU Water Framework Directive (European
Commission, 2000; Belletti ef al., 2015; Boon et al., 2010). The WFD defines the
quality elements used for classification of the ecological status of surface water bodies
including obligatory hydromorphological elements (European Commission, 2000;
Ferreira et al., 2011).

Hydromorphological quality components are namely (i) hydrological regime
(quantity and dynamics of water flow and connection to ground waters) (ii) river
continuity and (ii1) morphological conditions (depth and width variation, substrate
conditions and structure of riparian zone) (Annex V, 1.1.1 WFD). According to the
WEFD, river hydromorphological assessment requires the consideration of any
alterations to flow regime, lateral and longitudinal continuity, river morphology and
sediment transport (Rinaldi et al., 2013b). Additionally, the WFD has created the need
for methods to determine type-specific reference conditions (Annex II, 1.3 WFD): to
assess current status of hydromorphological pressures that could lead to a failure in
achieving a water body’s objectives (WFD Annex I, 1.4, 1.5); to classify different
types of water bodies as a heavily modified or artificial (WFD Annex V, 1.1); and to
determine maximum ecological potential of heavily modified water bodies (WFD
Annex V, 1.2).
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These WFD requirements reveal the necessity of a more comprehensive
methodology, therefore river assessment must be changed from a single index system
to multiple indices. In other words, there is an explicit need for a holistic approach
(Feld, 2004) in addition to recognition of the necessity for a multidisciplinary (i.e.
hydrology, geomorphology, biology, water quality and ecology) approach (Belletti et
al., 2015).

Since the 1990s, several methods have been developed with the aim of
characterising physical structure or river habitat quality assessment in order to meet
various environmental objectives (Raven et al., 2002; Fernandez et al., 2011). This
development in Europe has gained pace following the introduction of the WFD with
changes in purposes and content of methods (Ferreira et al., 2011). The approaches
also differ in the number of hydromorphological elements considered, including the
survey, survey method, spatial and temporal scale (Rinaldi et al., 2013b; Tavzes and
Urbanic, 2009). However, in general two principles have been adopted for assessing
river hydromorphological status, which are based on the evaluation of the diversity of
habitat quality, and the assessment of the degree of hydromorphological modification
(Tavzes and Urbanic, 2009; Raven et al., 2002).

In respect to methodology, the WFD generally defines ecological status and river
habitat elements, so its guidance is limited (Weil ez al., 2008) but Annex V of the
WED explicitly suggests the use of guidance standards available from the European
Committee for Standardisation (CEN) and the International Standards Organisations
(ISO). Even though there is a remaining argument regarding the standardisation
approach, the CEN has developed two appropriate standards for assessing river
hydromorphology; EN 14614, ‘Water Quality - Guidance standard for assessing the
hydromorphological features of rivers’, provides a framework that Member States can
use to develop their own national methods and EN 15843, ‘Water Quality - Guidance
standard of determining the degree of modification of river morphology’, which was
designed for consistent characterisation of hydromorphological modification on river
channels, river banks, the riparian zone and floodplains (Boon et al., 2010; EN 15843,
2010; EN 14614, 2004). However, there are several methods using the holistic
approach and having all remarkable differences in their aims (e.g., spatial scale of
application, reference condition, etc.). This wide range of methods occur when the
limitations and strengths of the methods need to be investigated with greater emphasis
(Rinaldi ef al., 2013; Rinaldi ef al., 2013b; Belletti ef al., 2015). Considering all of the
explanations above, the Member States have to assess the hydromorphological
condition of rivers to designate their current status which is needed to meet WFD
requirements either by maintaining good river status or by introducing action plans to
achieve good status via a set of deadlines (Weil} et al., 2008; Raven et al., 2002).
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Turkey is, as an EU candidate country, obliged to comply with WFD
requirements by their date of accession (Moroglu and Yazgan, 2008; Sozen et al.,
2003; Sumer and Muluk, 2011). The transposition of the WFD in Turkey was
completed in 2011 with the intention to complete river basin management plans by the
end of 2017, and achievement of good water status by the end of 2027 (Sumer and
Muluk, 2011; Moroglu and Yazgan, 2008). In this context, the development of a
specific method for national hydromorphological assessment of the rivers in Turkey
has recently begun regarding the WFD requirements.

Two of Multi Criteria Decision Making (MCDM) methods, which are Analytical
Hierarchy Process (AHP) and Simple Additive Weighting (SAW) were applied to find
the most suitable hydromorphological assessment method for Turkey. The methods
were chosen by considering accessibility of documents. Additionally, multiple
methods were chosen from one country because of different approach of methods (e.g.
Germany and Australia).

In this paper, the most suitable hydromorphological assessment methods (one
from 19 European methods and the other from 25 non-European methods) have been
determined for Turkey applying the MCDM process.

Methodology

To choose the most suitable hydromorphological assessment methods
(HMAMs) for Turkey, 19 European methods, which were developed to implement the
WEFD, and 25 non-European methods were considered. A total of 44 HMAMs were
examined in detail and ‘presence and absence’ tables were created. Methods that have
been included in the evaluation are shown in Table 2-3. In order to determine the
relative importance of each feature, Analytical Hierarchy Process (AHP) was applied,
whilst to find the most suitable methods, the Simple Additive Weighting (SAW)
procedure was used.

Analytical Hierarchy Process (AHP)

AHP is one of the multi-criteria decision-making methods developed by Saaty
(1980). This method enables subjective decision-making processes based on multiple
attributes in a hierarchical structure (Triantaphyllou, 2000). The first stage of this
structure designates the goal for the particular decision. In the second stage, the goal
is decomposed into several criteria, and each criterion can then be further divided into
sub-criteria (Tzeng and Huang, 2011). For this study, a hierarchical structure was
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formed as shown in Figure 1. The next step of AHP is the construction of an m x n
matrix, where m is the number of alternatives and » is the number of criteria. This
matrix is constructed using the relative importance of the weights between criteria
(Tzeng and Huang, 2011; Triantaphyllou, 2000). Table 1 represents ratio scale
employed to compare the importance of the various weights. This ratio scale enables
decision makers to evaluate the contribution of each factor within the overall
assessment methodology. The weighting of criteria was calculated by normalising the
eigenvector and consisted of following steps: a) adding values in each column of the
m X n matrix, b) normalisation by dividing each matrix by the sum of its column, c)
calculation of the average of the elements in each row of the normalised matrix. The
pair-wise comparison matrices have been created based completely on expert opinion.

To ensure the consistency of comparative weights, the right eigenvector which
is calculated from the maximum eigenvalue (Amax), the consistency index (C.I.) and
consistency ratio (C.R.) were calculated as suggested by Saaty (1980).

Table 1
Ratio Scale in the AHP (Saaty, 1980)
Intensify of Definition
Importance
1 Equal importance
3 Weak importance of one over
another
5 Essential or strong importance
7 Demonstrated importance
9 Absolute importance
2,4,6,8 Intermediate values between two
adjacent judgements
Reciprocals Opposites
_ 1an (AW
Amax = —¥; =, (1)
all al2.. aln wl
a2l a22.. a2n w2
AW =1 ... v | X , (2
anl an2 ann wj
_ (Amax—n)
Cl = D 3)
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where Amax is the largest eigenvalue; wi is weight value; AW is comparison matrix
and n represents number of criterions. C.R. is calculated as:

_ClL

C.R.= YL 4)

where R.I. refers to random consistency index which was generated by Saaty (1980).
The R.I. in accordance with different size matrices is demonstrated in Table 4. As a
general rule, the C.R. should be below 0.1 for consistent and reliable result, and 0.2 is
designated as maximum tolerated level (Tzeng and Huang, 2011; Zarghami and
Szidarovszky, 2011; Triantaphyllou, 2000).
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Table 4
Random Consistency Index (R.1.) for Different Size Matrices (Saaty, 1980)
n RI n RI n RI
1 0 6 1.24 11 1.51
2 0 7 1.32 12 1.53
3 0.58 8 1.41 13 1.56
4 090 9 1.45 14 1.57
5 1.12 10 1.49 15 1.59

As a result of AHP, the weighting of individual feature was obtained.

Afterwards, two most suitable hydromorphological assessment methods were derived
using SAW.

Simple Additive Weighting (SAW)

The SAW method is well-known and widely used method for multi-attribute
decision-making problems. Due to its simplicity, SAW is the most popular method to
determine the best alternative, which is derived by the following equations (Tzeng and
Huang, 2011).

A*={Ui (x)lmax Ui (x)| i =1,2,...,n}, (5)
Uit = Y wjrij(o), ©)
j=1

where Ui(x) denotes the utility of the ith alternative; w; denotes the weights of the jth
criterion; rjj(x) is the grades of the ith alternative with respect to jth criterion.

To determine the most suitable methods for Turkey, the following steps were
applied:

Step 1: The essentiality scores of each feature for Turkey were identified.

Step 2: The weight of each feature was multiplied by its essentiality score by
considering the characterisation of the methods (Tables 5 &6). The results
were written in a column. If a feature is used by methods that are signed as
“Y (Yes)” and “P (Potential)” it is counted, otherwise it is assigned “N (No)”.

Step 3: The sum of the column, which was created in Step 2, gives total SAW score of
each assessment methods.
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Figure 1. Hierarchical structure for AHP and a list of hydromorphological
assessment features.
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Results and Discussion
Calculating the Relative Importance (Weights) of Each Hydromorphological Feature

In order to find the relative importance of each hydromorphological feature,
three different hydromorphologists from the British, Scottish and Irish Environment
Agencies were asked to complete pair-wise comparisons that were constituted based
on a hierarchal structure. Previous studies Rinaldi et a/. (2013b) and Fernandez et al.
(2011), the European standard (EN 14614, 2004) and the WFD requirements were
used to establish the elements within each stratum of the hierarchy. To ensure the
consistency of the comparisons, consistency ratios (C.Rs) were calculated (Tables 7a-
7k). The total weight of each feature was obtained by multiplying the weights of each
hierarchy (Table 9).

Table 7a

Pairwise Comparison Main Goal- AI1-3
Main Goal Al A2 A3 W
Al 1 1/5 1/3 0.1149
A2 5 1 2 0.4795
A3 3 1/2 1 0.4054

Note. CR=0.0379, A1= method characteristics, A2=recorded features, A3=river process.

Table 7b

Pairwise Comparison of AI1-B1-3
Al B1 B2 B3 W
B1 1 1/3 1/5 0.1149
B2 3 1 1 0.4054
B3 5 1 1 0.4795

Note. CR=0.0344, Bl=source of information, B2=spatial scale, B3=reference condition.

Table 7c
Pairwise Comparison of A2-B4-7
A2 B4 BS B6 B7 W

B4 1 1/3 1/3 1/2 0.1093
B5 3 1 1 2 0.3507
B6 3 1 1 2 0.3507
B7 2 1/2 1/2 1 0.1892

Note. CR=0.0053, B4=catchment/valley, B5=channel, B6=river banks/riparian, B7=floodplain.
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Table 7d

Pairwise Comparison of A3-B8-10
A3 B8 B9 B10 W
B8 1 3 1 0.4428
B9 1/3 1 12 0.1698
B10 1 2 1 0.3873

Note.CR=0.0077, B8=longitudinal continuity, B9=lateral continuity, B/0=vertical continuity (ground
water connection).

Table 7e

Pairwise Comparison of BI-CI-3
B1 C1 C2 C3 W
Cl 1 1/2 2 0.3
C2 2 1 2 0.5
C3 1/2 1/2 1 0.2

Note.CR=0.066, C/=maps/remote sensing, C2=field survey, C3=modelling.

Table 7f

Pairwise Comparison B2-C4-6
B2 C4 C5 Cé W
C4 1 2 2 0.5
C5 12 1 1 0.25
Co6 1/2 1 1 0.25

Note.CR=0.00, C4=fixed length, C5=length & width, C6=variable length.

Table 7g

Pairwise Comparison B2-C7-9
B2 C7 C8 C9 \
C7 1 1 2 0.4
C8 1 1 2 0.4
C9 1/2 1/2 1 0.2

Note.CR=0.00, C7=river channel, C8=river banks/riparian zone, C9=floodplain.

Table 7h

Pairwise Comparison of B4-Cio-12
B4 C10 Cl11 C12 W
C10 1 1/3 2 0.2394
Cll1 3 1 4 0.6232
Cl12 1/2 1/4 1 0.1372

Note.CR=0.028, C10=large scale characteristics, C/ /=hydrological regime, C/2=valley form.
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Table 7i
Pairwise Comparison of B5-C13-19
B5 C13 Cl4 Ci15 Cl6 Cl17 C18 C19 W
C13 1 1 1/3 2 172 1/3  0.0968
Cl4 1 1 1/3 2 172 1/3  0.0968
C15 3 3 1 4 1 173 0.2042
Cle 13 13 1/5 12 14 1/6 0.0377
C17 12 12 1/4 1 173 1/5  0.0569
C18 2 2 1 3 1 /3 0.1637
C19 3 3 3 5 3 1 0.3437
Note.CR=0.049, C13=river pattern/planform, 14= channel dimension, C'/5= substrate,
C16= In-channel vegetation, C/7= woody debris, C/8= flow type, C/9= artificial structures.

(o N N (O RV, B VS OS]

Table 7j
Pairwise Comparison of B6-C20-25
B6 C20 C21 (C22 (C23 C24 C25 W

C20 1 1/4 1/5 1/5 1/3 1/6 0.0391
c21 4 1 1/2 1/2 2 1/3 0.1237
Cc22 5 2 1 1 3 1/2 0.2047
Cc23 5 2 1 1 3 1/2 0.2047
Cc24 3 1/2 173 1/3 1 1/5 0.0764
C25 6 3 2 2 5 1 0.3511

Note.CR=0.022, C20= bank material, C2/=bank shape/profile C22= riparian vegetation structure,
C23=long. cont of rip. vegetation, C24= land use, C25=artificial features.

Table7k

Pairwise Comparison of B7-C26-27
B7 C26 C27 W
C26 1 1/3 0.25
Cc27 3 1 0.75

Note.CR=0.00, C26=fluvial flows, C27=fand use.

General Characteristics of Turkish Catchments

Turkey is a transcontinental country that lies between the Asian and European
continents (36-42°N, 26-45°E) and has a total area of 779,452 km?. The mean altitude
is 1,250 m. While areas with more than 1000 m elevation generate 56% of the total
country’s land area, more than 15% slope generates 62% (Odemis and Evrendilek,
2007). Turkey has a subtropical, semi-arid climate with extremes in temperature
(Kibaroglu and Tigrek, 2011). The temperature ranges from 45°C during summer in
the eastern and southern region, to -40°C during winter in the east, with an average
annual temperature of 19°C. Due to the diversity of its topology, the annual
precipitation varies from 250 mm in the central and south eastern region to 2500 mm




July - August - September - October - November - December / Volume: 2 Issue: 2 Year: 2018

in the north eastern Black Sea region and annual average precipitation is about
574 mm. This seasonal precipitation and temperature change provides a range of low
gradient streams in the plains and high gradient streams in the mountains (Odemis and
Evrendilek, 2007). Turkey has 25 main catchments (Figure 3, Table 8) that range from
6,907 km? (Kiigiik Menderes) to 127,304 km? (Euphrates). In total, the mean annual
run-off is approximately 186 billion cubic meters (BCM) of which 112 BCM can be
exploited economically. A high variability of flows in large basins can be seen
throughout the year, with a drought season that occurs with increasing frequency.
Turkey hosts the world’s largest rivers (Euphrates, Tigris) owing to the heavy snow it
receives, and one of the world’s fastest flowing rivers (Coruh) due to steep
mountainous regions (Odemis and Evrendilek, 2007; Kibaroglu and Tigrek, 2011).

Key Hydromorphological Pressures on Rivers in Turkey

A high growth rate, urbanisation, and increasing energy demand might require
infrastructural development on water bodies. In Turkey, one of the most important
water infrastructural developments is an extensive network of dams and reservoirs
(Table 10) (Kibaroglu and Tigrek, 2011). It is expected that major constructions
(i.e. dams) will have substantial impacts on longitudinal river continuum for biota,
sediment, loss of ecological integrity (e.g. fish migration) and will cause serious river
degradation at the downstream of the dam (e.g. channel incision).

EHATE HINE e AEME HraIUE HFME HrATE &5 TE A5°ESTE

L]
IO 4

Note. See Table 8 for legends.
Figure 3. Main 25 river basins of Turkey (Kibaroglu and Tigrek, 2011).
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Table 8

General Characterisation of Main Catchments in Turkey
Adapted from Tockner et al. (2009); DSI (2015); Kibaroglu and Tigrek (2011);
Odemis and Evrendilek (2007)

Catchment Catchment Average Meafl ?nn‘ual 1:1[1‘:::::1] Contribution [I;I(:lpmu?:tion
name 2‘(16122) ?Il::;’atwn ?:;;l)pltatmn discharge :‘j/t"t“l density
(BCM) ) (people/km?)
(01) Meric-Ergene 14,560 57 604 1.33 0.7 72.56
(02) Marmara 24,100 42 728.7 8.33 4.5 470.1
(03) Susurluk 22,399 202 711.6 5.43 2.9 119.4
(04) North Aegean 10,003 64 624 2.90 1.1 61.68
(05) Gediz 18,000 220 678 1.95 1.1 113
(06) Kucuk Menderes 6,907 4 710 1.19 0.6 253
(07) Buyuk Menderes 24,976 414 673 3.03 1.6 83
g(/ii?ii\the]frsgnean 20,953 383 875 8.93 4.8 42.5
(09) Antalya 19,577 249 1000 11.06 5.9 79.5
(10) Burdur Lakes 6,374 - 446.3 0.50 0.3 314
(11) Akarcay 7,605 1017 451.8 0.49 0.3 87.5
(12) Sakarya 58,160 509 514 6.40 3.4 97
(13) West Black Sea 29,598 326 811 9.93 5.3 63.95
(14) Yesilirmak 36,114 696 498 5.80 3.1 60
(15) Kizilirmak 78,180 748 547 6.48 3.5 58
(16) Konya 53,850 1139 416 452 2.4 45.14
&Zéﬁ:ﬂanm 22,048 269 745 1107 60 93.06
(18) Seyhan 20,450 750 545 8.01 4.3 92
(19) Orontes 7,796 159 714 1.17 0.6 182
(20) Ceyhan 21,982 685 619 7.18 39 91
(21) Tigris, Euphrates 184.95 1010 658, 559 52.94 28.5 65,57
(22) East Black Sea 24,077 443 1198 14.90 14.90 103.61
(23) Coruh 19,872 757 690 6.30 34 37
(24) Kura-Aras 27,548 1653 527 4.63 2.5 74
(25) Lake Van 19,405 1829 4743 2.39 1.3 51.8
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Additionally, dams lead to an altered hydro-regime, especially downstream, that
can be captured by measuring ecologically important smaller floods. Flow regime
regulation for irrigation purposes leads to hydromorphological effects relation to
sedimentation, discharge, flow velocity and depth. Other ongoing hydromorphological
pressures can be listed as follows:

e Sediment exploitation,

e River regulation,
e Flood protection,
e Water abstraction,
e Irrigation and
e Land use development (agricultural, urbanisation, settlements)
Table 10.
Multi-Purposes Water Constructions in Turkey (Adapted from DSI, 2016 and DSI,
2017)
In operation Under In programme
P construction prog
1159 121 144
Dams Large scale projects: 325 21 -
Small scale projects: 834 101 -
Hydropower plants 596 83 639
e - Capacity 26.819 MW 5.424 MW 15.330 MW
° - Annual 93.653 GWh 16.508 GWh 48.383 GWh
production
Irrigation (million 51
hectares) '
Domestic water supply 709

(BCM)
Flood control (million
hectares)

1.366 ( more than 7.000
premises)

Grading Each Hydromorphological Assessment Feature from 1 to 5 (least to most

essential) for Turkey

The features of existing hydromorphological assessment methods were graded
in terms of identifying the essentiality of each feature in the overall assessment
process. To do this, a rating system out of 5 was introduced, as shown in Table 11. To
grade features for Turkey, relevant literature and regulations, general catchment
characteristics and key hydromorphological pressures on Turkish rivers were
considered. The score of each feature is reported in Table 12.
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Source of information/data collection (B1, C1-C3).

The data collection for HMAMSs mainly consists of three different methods
(maps/remote sensing, field survey and modelling). There is no precise study that has
analysed the data collection methods of HMAMs. However, the majority of methods
adopted the use of field surveys, as recommended by EN 14614 (2004) to collect data
on field based features or those that can be found under water (e.g. woody debris,
substrate, in-channel vegetation). Remote sensing technique is another common
method that can yield valuable data on large-scale features (e.g., river planform, extent
of river riparian zone). Turkey has diverse catchment characteristics from steep
mountainous areas, especially in the northern region, to low gradient streams in the
plains (Kibaroglu and Tigrek, 2011; Odemis and Evrendilek, 2007).

A high number of catchments (25), their diverse characteristics and sizes make
field surveys difficult. Consequently, using remote sensing technology for data
collection would be a more practical than field surveys and modelling. In this sense,
remote sensing, field survey, and modelling are assigned as significant, demonstrated,
and strong essentiality for hydromorphological assessment, respectively.

Spatial scale (B2).
Longitudinal scale and lateral scale (C4-C9).

A river ecosystem represents a hierarchical spatial organisation (Fissell et al.,
1986). The structure of each level characterisation is managed by physical process of
its above levels. The importance of spatial scale has been largely underlined in relation
to the assessment of habitat quality and biotic integrity (Allan ef al., 1997; Allan and
Johnson, 1997). Longitudinal scales are analysed under different lengths of unit survey
that can change depending on the purpose of the assessment and the size of the river.
These lengths are determined as fixed length, length and width ratio and variable
length by each of the HMAMs. However, a fixed length survey unit is used by the vast
majority of methods and recommended by EN 14614 (2004). In this respect, while the
fixed length approach is assigned as having a demonstrated essentiality, others are
assigned as having strong essentiality. Lateral scale is as important as longitudinal
scale, and lateral scale boundaries need to include the river floodplain features
suggested by EN 14614 (2004). Additionally, the WFD indicates that the structure and
condition of the river channel and riparian zone need to include a hydromorphological
assessment (Chave, 2001; ETC, 2012).
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Table 11
Five Scale Rating and Its Definitions
Grading Scale Definition
1 Limited essentiality of features for hydromorphological assessment
2 Weak essentiality of features for hydromorphological assessment
3 Strong essentiality of features for hydromorphological assessment
4 Demonstrated essentiality of features for hydromorphological assessment
5 Significant essentiality of features for hydromorphological assessment

Considering all the assessments above, river channels and banks/riparian zone
have been assigned as having significant essentiality, whilst floodplains have been
assigned as demonstrated essentiality for HMAM:s.

Reference condition (B3).

The identification of hydromorphological reference condition is a critical pre-
requisite in the evaluation of hydromorphological quality. Defining ‘high status’ type
specific reference conditions in rivers is a requirement of the WFD that enables
accurate, fair and meaningful comparison of river quality (ETC, 2012). A catchment
first needs to be divided into river type(s) to obtain each river type’s reference
condition, reflecting the total or nearly total undistributed condition (EN 14614, 2004).
As Turkey has highly diverse river typology and catchment characteristics, the
reference condition approach might be the best way of identifying a river’s target
condition as “high status”. Therefore, the reference condition approach is determined
as having significant essentiality in the assessment.

Catchment/Valley (B4).
Large-scale characteristics (C10).

It has been found that large-scale catchment features influence stream habitats
(Davies et al., 2000). Large-scale variables enable a framework to be established for
the characterisation of lower-scale variables and thus provide identifying the local
physical characteristics that might be estimated to be found in vicinity of the river
(Parsons et al., 2004; Fernandez et al., 2011). In this respect, the characterisation of
lower-scale habitat can be designated by river classifications that rely on large-scale
variables (Fernandez et al., 2011). There are several developed river typology methods
based on large-scale variables such as the Rosgen Classification (Rosgen, 1994), River
Styles (Brierley and Fryirs, 2005), whilst Orr et al. (2008) have developed a
hierarchically-structured typology for British rivers. Large-scale characteristics are
generally ignored in the characterisation of river habitats. However, these have
important effects on river habitat characteristics at the reach scale (Benda et al., 2011).
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Large-scale characteristics can be used to define local physical characteristics for large
Turkish catchments (e.g., Euphrates). Consequently, this represents strong essentiality
in the overall assessment.

Hydrological Regime (C11).

The hydrological regime, which is the quantity and dynamics of water flow and
connection to ground waters, is one of the hydromorphological quality elements of the
WEFD (Belletti et al., 2015; Rinaldi et al., 2013b). River hydrology assessment is
important because river hydrology and morphology provide a relationship between
flowing water and the physical environment of rivers. The more precise hydrological
character of a river can be best obtained by collecting flow variables from long-term
data sets (Harding et al., 2009). In Turkey, there are a considerable number of dams
and hydropower plants which are constructed, planned or are under construction (DSI,
2015). These directly influence the river hydrological regime (Harding et al., 2009),
which in turn affects the abiotic and biotic characteristics of streams (Poff et al., 1997).
Therefore, measuring hydrological regime changes is assigned as having significant
essentiality.

Valley Form (C12).

It is important to monitor specific river landform in order to see how the river
channel itself changes as it moves downstream. The river channel upstream is shallow
and narrow, which is called a V-shaped valley form due to vertical erosion. Towards
the downstream, however, velocity and discharge rise. Velocity increases due to
decrease of channel roughness, while discharge increases because the catchment area
of drainage basin and hence the number of feeding tributaries increases. Due to the
increase in discharge, lateral erosion, widening and deepening all increase resulting in
the formation of other river valley forms (e.g. U shape, box and wide shape) (The
British Geographer, 2012). Turkey has a diverse topography, from high gradients in
the eastern regions to the low gradient central Anatolia region (Odemis and
Evrendilek, 2007) that results in a broad range of valley forms. Thus, assessing valley
form would seem to be beneficial for Turkey’s hydromorphological assessment, and
is accordingly allocated as a strong essentiality.

Channel (B5).
River pattern/planform (C13).

While river pattern refers to channel configuration (e.g., straight, meandering,
braided), platform refers to other parameters (e.g., channel sinuosity, braided index,
etc.). Therefore, channel straightening, widening changes and the general condition of
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the channel (e.g., naturalness and artificiality) are required to be examined (Rinaldi et
al., 2013b). In this manner, river pattern/platform seems to have a direct impact on
aquatic biota (Harding et al., 2009), and thus has demonstrated essentiality for the
hydromorphological assessment.

Channel dimension (C14).

The most common recorded features are channel width and its variation, channel
depth and its variation, wetted channel width and water depth, which is also one of the
hydromorphological quality elements required by the WFD (Rinaldi et al., 2013b;
Fernandez et al., 2011).Wetted width and depth are key habitat descriptor parameters
that can directly affect the available habitat for in-stream biota. Channel width and
depth ratio (w/d) might indicate a suitable habitat for in stream biota. To illustrate,
while a high w/d implies a wide shallow channel that is a good habitat for invertebrates,
a low w/d implies a deep channel that can provide, for instance, a trout habitat. The
measurement of channel width and depth offers flow independent measures of stream
morphology that are unlikely to change over a short period of time. These parameters
are also used to calculate maximum stream discharge (Harding et al., 2009). For this
reason, channel dimensions have a demonstrable essentiality for any overall
assessment.

Substrate (C15).

The WFD obliges the assessment of the river substrate condition as a survey unit
(WeiB et al., 2008). The results of Star Project indicate that the channel substrate index
has the second highest impact on the overall habitat quality assessment score
(Szoszkiewicz et al., 2006). It can be seen that the size, distribution, and condition of
the substrate affect the river habitat quality for aquatic organisms. The dominant
particle size, the range of substrate size and compactness play important roles in the
suitability of the substrate for different species (Harding et al., 2009). A large number
of dam and hydropower constructions along the main rivers and tributaries could lead
to the disruption of sediment transportation in Turkey. Thus, an assessment of the
substrate is a significant essentiality for the hydromorphological survey in Turkey.

In-channel vegetation (C16).

Below-water vegetated banks and stream beds are defined as in-stream habitat.
The stream bed is home to various aquatic species, an area for deposition and
incubation of their eggs, their food source and, more importantly, a refuge against their
predators, droughts and floods (Harding et al., 2009). In-stream and riparian vegetation
have been established as important aspects of any description of the variability of the
species composition of invertebrates within the site (Sandin and Johnson, 2004). The
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Star Project concluded that in-channel vegetation has the third highest impact on the
Habitat Quality Assessment (HQA) score (Szoszkiewicz et al., 2006). In that sense,
in-channel vegetation also has a demonstrable essentiality for the hydromorphological
assessment.

Table 12
The Essentiality Score and Weight for Each of the Features
Features Weights* Essentiality
Scores
(B1) Source of Information/
Data Collection
(C1) Maps/remote sensing 0.003961 5
(C2) Field Surveys 0.006601 4
(C3) Modelling 0.002640 3
(B2) Spatial Scale
(C4) Fixed length 0.023290 4
(C5) Length & with 0.011645 3
(C6) Variable length 0.011645 3
(C7) River channel 0.018632 5
(C8) River banks Riparian zone 0.018632 5
(C9) Floodplain 0.009316 4
(B3) Reference Condition 0.055095 5
(B4) Catchment /Valley
(C10) Large scale characteristics 0.012547 3
(C11) Hydrological regime 0.032662 5
(C12) Valley form 0.007191 3
(B5) Channel
(C13) River pattern/planform 0.016278 4
(C14) Channel Dimension 0.016278 4
(C15) Substrate 0.034338 5
(C16) In channel vegetation 0.006340 4
(C17) Woody debris 0.009568 3
(C18) Flow type 0.027528 4
(C19) Artificial structures 0.057797 5
(B6) River Banks/ Riparian Zone
(C20) Bank material 0.006575 3
(C21) Bank shape/profile 0.020801 4
(C22) Riparian vegetation structure 0.034422 4
(C23) Long. Cont. of rip. vegetation 0.034422 4
(C24) Land use 0.012847 4
(C25) Attificial features 0.059041 5
(B7) Floodplain
(C26) Fluvial forms 0.022680 2
(C27) Land use 0.068041 4
(B8) Longitudinal Continuity 0.179511 5
(B9) Lateral Continuity 0.068837 5
(B10) Vertical Continuity 0.157011 5

Note. Weights were taken from Table 9.
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Woody debris (C17).

The method mainly collects information about branches, trees, roots, and woody
debris, which is also recommended by EN 14614 (2004). Wood accumulation in rivers
frequently provides a refuge for fish. Besides, both wood accumulation and leaf packs
are commonly used as substrate by invertebrates (Raven et al., 1997). Additionally,
large woody debris can lead to a change in river depth and velocity (Harding et al.,
2009). For these reasons, this assessment is assigned as a strong essentiality for the
hydromorphological assessment.

Flow type (C18).

Flow types are often assessed by choosing the most dominant attributes from
pools, riffles, glides, and runs (Harding ef al., 2009; EN 14614, 2004). This is also
suggested by EN 14614 to assess hydromorphological quality. Flow type has been
identified as the greatest influence on overall Habitat Quality Assessment score
(Szoszkiewicz et al., 2006). Almost half of methods include as this as an attribute of
hydromorphological assessment (Rinaldi ef al., 2013b). Consequently, including a
flow type assessment in the overall hydromorphological assessment might have
demonstrated essentiality.

Artificial structures (C19).

In-channel artificial structures need to be included in any assessment (e.g., dams,
weirs, culverts, deflectors, etc). These structures can potentially alter continuity of
flow, sediment transport, and migration of biota (Rinaldi et al., 2013b). River
continuity is one of the WFD hydromorphological quality elements that requires
undistributed fish migration and sediment transport by anthropogenic activities (Weil3
et al., 2008). It plays an important role in determining river hydromorphological
quality in Turkey because of the construction of dams, hydropower plants, and flood
defences. Thus, it has significant essentiality for overall hydromorphological
assessment.
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River banks/ riparian zone (B6).
Bank material (C20).

The assessment of gravel, sand, clay, and artificial bank material is suggested in
EN 14616. This might identify any artificiality of river banks in terms of the extent to
which they are affected by bank material (Ulrich, 2014). This feature could be essential
for river surveys that indicate, for example, modification for flood prevention.
However, it is more precise to assess riverbank artificiality by directly including the
presence absence or length of flood defences in the assessment. Consequently, it has
weak essentiality because of the fact that it is not an indispensable feature for
hydromorphological assessment.

Bank shape/profile (C21).

This can indicate the naturalness and artificiality of riverbanks by way of
assessing point bars, side bars, eroding and stable cliffs, re-sectioning and reinforcing.
Artificial bank modifications will clearly have an adverse effect on biodiversity
(Raven et al., 1997). Armitage et al. (2001) found that riverbank sites are dynamic
environments in which living communities differ due to the growth of side vegetation
and their impact on flow, in addition to bank structure, which has a direct effect on
invertebrate abundance and number of taxa. Including this feature in the assessment
has been assigned as demonstrated essentiality.

Riparian vegetation structure and its continuity (C22-C23).

Riparian habitats play a crucial role in determining ecosystem functioning
(Tabacchi et al., 1998). In-stream and riparian vegetation were established as
important aspects of any description of variability in invertebrate species composition
within the site (Sandin and Johnson, 2004). Riparian zones have a disproportionately
large effect on stream habitat and water quality; however, another function of riparian
zones is the reduction of contaminant inputs from the broader landscape. Therefore,
river restoration processes worldwide mainly focus on management of riparian areas
(Palmer et al., 2007). Basic riparian management includes fencing to exclude
livestock, creating buffers by planting native trees and shrubs, etc. Moreover, the WFD
requires inclusion of riparian zones as a component of spatial scale (Chave, 2001;
Weil} et al., 2008). Consequently, riparian zones have a demonstrated essentiality
because HMAMs needs to consider the influence of the riparian zone and the presence
of riparian buffers.
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Riparian land use (C24).

The overall aim to record the ‘naturalness’ of the vegetation in the riparian zone
is based on land cover. Basic non-natural land covers includes recreational and
agricultural areas, pasture, cultivated land, urban areas, etc. Classes of near-natural
land cover include natural wetland, alluvial forest/natural woodlands, moorland
(Hrvatske Vode, 2013). There is no significant correlation between land use features
and river morphology (Szoszkiewicz et al., 2006). However, Raven et al. (1998)
suggest that different land use in a similar site can have a considerable effect on a
habitat quality assessment score, whilst Feld (2004) claims that land use features often
indirectly indicate alterations in stream morphology. Subsequently, this has a
demonstrated essentiality for hydromorphological assessment.

Riparian zone artificial features (C25).

This refers to any artificial features located in a riparian zone such as
embankments, re-sectioning, dikes, stabilisation, channelization, levees, etc. (Rinaldi
et al., 2013b). It is clear that such artificial modifications directly affect river
morphology and have an adverse impact on river habitat quality (Raven et al., 1998).
Considering the increasing modification of Turkish rivers, including this feature in the
assessment is of significant essentiality.

Floodplain (B7).
Fluvial forms (C26).

The WFD is relatively limited in terms of requiring any assessment of floodplain
features; however, CEN standards suggest recording this (Belletti et al., 2015; EN
14614, 2004). This records specific information on fluvial forms in the floodplain (e.g.,
presence of oxbow lakes, wetlands, backwaters, side arms, springs, natural lakes,
natural terraces, etc.). A weak essentiality is stated for including fluvial forms in the
assessment.

Land use (C27).

This index mainly records type of land use (e.g., floodplain forest, agriculture,
pasture, meadow, urban development) and the extent of development (Rinaldi et al.,
2013b; EN 14614, 2004). Kail ef al. (2009) indicate that land use on a floodplain has
greater hydromorphological effect than land use in a riparian zone. Therefore, land use
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might have at least demonstrated essentiality in terms of hydromorphological
assessment.

Longitudinal continuity (BS).

Longitudinal connectivity is crucial to the optimal functioning of river
ecosystems. The presence of transverse constructions in rivers has serious ecological
consequences because of blocking natural water flow, sediment and wood debris
transportation, and finally aquatic organism migration (Hrvatske Vode, 2013).
Artificial barriers have considerable adverse impact on aquatic life and flow regime.
The main influence of artificial barriers is fish migration disturbance which should be
captured by the index (Ladson ef al., 1999). Longitudinal continuity is mainly affected
by artificial structures. The WFD requires methods to assess the risk to sediment flux
and flow regime alteration in terms of barrier construction and water storage (e.g.,
dams, weirs) as well as undistributed fish migration as part of river continuity (Weil3
et al., 2008; Chave, 2001; EN 14614, 2004). In case of Turkish hydromorphological
assessment, longitudinal continuity has high substantial effects, and thus is assigned
as having significant essentiality.

Lateral continuity (B9).

This consists of lateral hydraulic connections between the river channel and its
riparian zone/floodplain and sediment delivered by bank erosion and wood continuity
(Rinaldi et al., 2013b). The degree of lateral connectivity is directly affected by
construction of levers, channel incision and aggradations; this connectivity is
indirectly related to flood frequency (Kleynhans et al., 2005). It is stated that lateral
connectivity is a considerable factor in terms of river functioning as it regulates
nutrient and organic matter transport between the channel and the floodplain (Elosegi
et al., 2010). It is also important for in-stream biodiversity especially in large rivers
(Paillex et al., 2007), because species spend a part of their lifecycle in the floodplain
(Elosegi et al., 2010). Assessment of lateral continuity is essential in terms of
indicating channelized streams (Harding et al., 2009) as well as the naturalness of a
river bank, and thus needs to be included in bio-monitoring tasks (Erba et al., 2006).
The grading of lateral continuity has significant essentiality for the
hydromorphological assessment of rivers.
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Vertical continuity (B10).

Vertical continuity considers the connection between a river and groundwater.
The groundwater is an essential element of maintaining flow, quality, and surface
water ecology. It is obvious that the disconnection of groundwater can affect the
hydrological regime and, consequently, the river ecosystem (Hrvatske Vode, 2013).
One of the WFD hydromorphological quality elements is hydrological regime that
requires an assessment of connection to groundwater (Weil3 et al., 2008; ETC, 2012).
Vertical connectivity also occurs through the Ayporheic zone - a dynamic ecotone
between surface water and shallow groundwater aquifers (Gibert et al., 1990) where
both waters mix (White, 1993). This water exchange happens by way of hyporheic
pores, which significantly contributes to stream biodiversity (Elosegi et al., 2010).
Additionally, this zone is a temporary habitat for the pupae of invertebrates and the
embryos of various species of fish (Malcolm et al., 2005). Consequently, vertical
continuity is considered to be of significant essentiality.

The Most Suitable Hydromorphological Assessment Methods for Turkey

The two most suitable methods were obtained from the European and non-
European methods by application of the SAW procedure. The Slovenian method
(SHIM) and the Index of Habitat Integrity from South Africa (IHI) received the highest
scores among the European and non-European methods, respectively (Table 13). The
scores of non-the European methods were considerably lower than those of the
European methods; eight European methods scored higher than the highest non-
European score. This might be due to the weighting of features only being obtained
using European experts’ opinions and the fact that WFD requirements are considered
as paramount to grading the essentiality of features. The result might also be indicative
of the wider concept of river assessment introduced by the WFD. RHS and its
variations received the highest scores (SHIM, RHS in Portugal and RHS), which
favours the functionality of RHS for application of hydromorphological assessment.
Determination of the most suitable methods do not mean these can properly use in
Turkey’s rivers. The most suitable European (SHIM) and non-European (IHI) methods
should be investigated in detail. It is obvious that the strengths and weaknesses of these
methods should be identified. Considering these results, Turkey’s hydromorphological
assessment method could be developed in order to comply with WFD requirements.
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Table 13
Simple Additive Weighting (SAW) Score of the Each Method from Highest to Lowest
Non-EU SAW EU SAW
Methods Country Scores* Methods Country  Score
1 IHIP) South 4233 1 OSHMM) Slovenia  4.693
Africa
2 SEvalAH (P) USA 4078 2 g){s inPortugal o eal  4.647
South England
3 GAI(M) Aftica 3960 3 RHS(P) & Wales  +6%7
4  AusRivAS (P) Australia 3.849 4 Caravaggio (P) Italy 4.627
5 SVAP(P) USA 3.698 5 HAP-SR (P) Slovakia ~ 4.581
6 RSF(M) Australia 3.581 6 MHR (P) Poland 4.497
7 WCE (P) USA 3451 7 MQI(M) Ttaly 4.443
Czech
8§  USM (P) China 3204 g HEMM) Republic 4,402
South
9  VEGRAI(R) Africa 3048 9 SYRAHCEM)  poce 3886
10 RGA (M) USA 3.053 10 MetHydro (M) Latvia 3.877
11 SCS-RGA (M) USA 2.914 11 LAWA-FS (P) Germany  3.842
12 ISC (P) Australia 2.473 12 RHAT (P) Ireland 3.736
13 UK-FS (P) Ukraine 2.307 13 LAWA-OS (P) Germany  3.380
14 WSAss (P) USA 2264 14 QBR(R) Spain 3.279
15 NWHI (P) USA 2.240 15 MImAS (M) Scotland  3.119
16 SAP (M) USA 2.123 16 Werth (P) Austria 2.958
New
17 SHAP (P) Zealand 1996 17 CARHYCE®)  ponce 2957
18 RSAT (P) USA 1.860 18 DHQI (P) Denmark  1.863
19 QHEI (P) USA 1788 19 IHF (P) Spain 0.461
20 HPM (P) Australia 1.757
21 VARH (R) USA 1.583
22 MCSH (P) USA 1.504
23 SRHRAP (P) USA 1.316
24 RWA (R) USA 1.223
25 RARC (R) Australia 0.895

Note. Highest results represent the most suitable methods for Turkey
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Conclusion

Hydromorphological assessment has gained significant support for its ability to
allow for understanding the influence of physical habitat and hydromorphological
characteristics of rivers; accordingly, numerous assessment methods have been
developed worldwide. Raid development has been seen in Europe explicitly after the
introduction of WFD to fulfil its requirements. Turkey, as a European Union candidate
country, has started to implement the WFD and some progress has been made. Turkey
needs to develop a specific national hydromorphological assessment method that is
compliant with WFD. In this paper, to obtain a wider geographical perspective, 25
methods from non-European and 19 methods from European countries have been
evaluated in order to choose the most appropriate hydromorphological assessment
methods for Turkey. At first, AHP was applied to find the weights of each assessment
feature by only including expert opinions, and SAW was applied to find the most
suitable methods for Turkey with due consideration for Turkish catchment
characteristics, and the main hydromorphological pressures on its rivers. As a result,
the Slovenian (SHIM) method has been found to be the most suitable method among
the European methods considered, and the South African IHI method as the most
suitable non-European method.

Acknowledgements

This article was adapted from the master dissertation titled “Development of
Recommendations For Turkey’s Assessment Method Of River Hydromorphology: An
Application Of Multicriteria Decision Making Process For Finding The Most Suitable
Hydromorphological Assessment Methods For Turkey”, at University of Leeds,
School Geography, MSc in River Basin Dynamics and Management with GIS. I
would like to express my gratitude to my supervisor Dr. Paul Kay for the useful
comments, remarks and contributions through the learning process of this master
programme. Furthermore, I would like to thank the participants in my survey, who
have willingly shared their precious opinion and time.




July - August - September - October - November - December / Volume: 2 Issue: 2 Year: 2018

References

Allan, J. D., Erickson, D.L., & Fay, J. (1997). The influence of catchment land use on stream integrity
across multiple spatial scales. Freshwater Biology, 37(1), 149-161.

Allan, J. D., & Johnson, L. B. (1997). Catchment-scale analysis of aquatic ecosystems. Freshwater
Biology, 37(1), 107-111.

Armitage, P.D., Lattmann, K., Kneebone, N. and Harris, I. (2001). Bank profile and structure as
determinants of macroinvertebrate assemblages-seasonal changes and management.
REGULATED RIVERS-RESEARCH & MANAGEMENT. 17(4-5), pp.543-556.

Barqu'n, J., Fern'andez, D., Alvarez-Cabria, M. and Pe™nas, F. 2011. Riparian quality and habitat
heterogeneity assessment in Cantabrian rivers. Limnetica. 30(2), pp.329-346

Belletti, B., Rinaldi, M., Buijse, A.D., Gurnell, A.M. and Mosselman, E. 2015. A review of assessment
methods for river hydromorphology. Environmental Earth Sciences. 73(5), pp.2079-2100.

Benda, L., Miller, D. and Barquin, J. 2011. Creating a catchment perspective for river restoration.
Hydrology and Earth System Sciences Discussions. 8(2), pp.2929-2973.

Boon, P.J., Holmes, N.T.H. and Raven, P.J. 2010. Developing standard approaches for recording and
assessing river hydromorphology: the role of the European Committee for Standardization
(CEN). Aquatic Conservation: Marine and Freshwater Ecosystems. 20(S1), pp.S55-S61.

Brierley, G.J. and Fryirs, K.A. 2005. Geomorphology and river management: applications of the river
styles framework. Malden, Mass;Oxford;: Blackwell Publishing.

Chandesris, A., Malavoi, J.R., Mengin, N., Wasson, J.G. and Souchon, Y. 2009. Hydromorphology
auditing: a generalized framework at a nation scale to view streams and rivers in their
landscape context. In: The 7th International Symposium on Ecohydraulics, 9 January Chile.
HAL, p.9.

Chave, P.A. 2001. The EU water framework directive: an introduction. London: IWA.

Clean Water Service. 2000. Tualatin River Basin Rapid Stream Assessment Technique (RSAT) -
Watersheds 2000 Field Methods, Montgomery County Department of Environmental
Protection; Department of Environmental Programs - Metropolitan Washington Council of
Governments. [Accessed 15 August]. Available from:
https://www.cleanwaterservices.org/media/1461/rapid-stream-assessment-technique.pdf

Davies, N.M., Norris, R.H. and Thoms, M.C. 2000. Prediction and assessment of local stream habitat
features using large-scale catchment characteristics. FRESHWATER BIOLOGY. 45(3), pp.343-
369.

DSI. 2016. Devlet Su Isleri 2016 Yili Faaliyet Raporu. State Hyraulic Works Annual Report (2016).
Ankara, Turkey: Devlet Su Isleri Genel Mudurlugu.

141




142

TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

DSI. 2017. Devlet Su Isleri 2017 Yili Performans Programi. State Hyraulic Works Performance
Programme (2017). Ankara, Turkey: Devlet Su Isleri Genel Mudurlugu.

Elosegi, A., Diez, J. and Mutz, M. 2010. Effects of hydromorphological integrity on biodiversity and
functioning of river ecosystems. Hydrobiologia. 657(1), pp.199-215.

EN 14614. 2004. BS EN 14614:2004, BS 6068-5.36:2004: Water quality. Guidance standard for
assessing the hydromorphological features of rivers. British Standards Institute. Available
from:
http://leeds.summon.serialssolutions.com/2.0.0/link/0/eLvHCXMwIV 1 LS8NAEB6koogHtSp
Wq8zFmOljdttkexGiUQ-i0hZ78BCyeWBBO09J YpAf

EN 15843.2010. BS EN 15843:2010: Water quality. Guidance standard on determining the degree of
modification of river hydromorphology. British Standards Institute. Available from:
http://leeds.summon.serialssolutions.com/2.0.0/link/0/eLvHCXMwIV3dS8NADAS8yQcQHv
3E6JS8-tqu70 b211Q3fRCVbbgHHOqV1

Erba, S., Buffagni, A., Holmes, N., O’Hare, M., Scarlett, P. and Stenico, A. 2006. Preliminary testing
of River Habitat Survey features for the aims of the WFD hydro-morphological assessment:
an overview from the STAR Project. Hydrobiologia. 566(1), pp.281-296.

ETC. 2012. Hydromorphological alterations and pressures in Europe river, lakes, transitional and
coastal waters: Thematic Assessment for EEA Water 2012 Report. Prague.

European Comission. 2000. Directive 2000/60/EC of the European Parliament and of the Council of
23 October 2000 Establishing a Framework for Community Action in the Field of Water
Policy.

Feld, C.K. 2004. Identification and measure of hydromorphological degradation in Central European
lowland streams. Hydrobiologia. 516(1), pp.69-90.

Fernandez, D., Barquin, J. and Raven, P. 2011. A review of river habitat characterisation methods:
indices vs. characterisation protocols. Limnetica. 30(2), pp.0217-0234.

Ferreira, J., Padua, J., Hughes, S.J., Cortes, R.M., Varandas, S., Holmes, N. and Raven, P. 2011.
Adapting and adopting River Habitat Survey: Problems and solutions for fluvial
hydromorphological assessment in Portugal. Limnetica. 30(2), pp.263-272.

Fissell, C.A., Liss, W.J., Warren, C.E. and Hurley, M.D. 1986. A hierarchical framework for stream
habitat classification: viewing streams in a watershed context. Environmental Management.
10(2), pp.199-214.

Fryirs, K., Arthington, A. and Grove, J. 2008. Principles of river condition assessment. In: Brierley G,
F.K. ed. River futures. An integrative scientific approach to river repair. Washington: Society
for Ecological Restoration International, Island Press, pp. 100—124.




July - August - September - October - November - December / Volume: 2 Issue: 2 Year: 2018

Gibert, J., Dole-Olivier, M.-J., Marmonier, P. and Vervier, P. 1990. Surface water-groundwater
ecotones. . In: J.,, N.R. and "camps, H.D. eds. The ecology and management of aquatic-
terrestrial ecotones. . Carnforth, UK: United Nations Educational, Scientific, and Cultural
Organization, Paris and Parthenon, pp.199-226.

Gob, F., Bilodeau, C., Thommeret, N., Belliard, J., Albert, M.-B., Tamisier, V., Baudoin, J.-M. and
Kreutzenberger, K. 2014. A tool for the characterisation of the hydromorphology of rivers in
line with the application of the European Water Framework Directive in France (CARHYCE).
Geomorphologie-Relief Processus Environnement. (1), pp.57-72.

Harding, J.S., University of Canterbury, B.S.S. and Sciences, U.0.C.B. 2009. Stream Habitat
Assessment Protocols for Wadeable Rivers and Streams in New Zealand. University of
Canterbury - School of Biological Sciences.

Heeren, D.M., Mittelstet, A.R., Fox, G.A. and Storm, D.E. 2010. Assessing Streambank Stability of
Oklahoma Ozark Streams with Rapid Geomorphic Assessments. World Environmental and
Water Resources Congress 2011. pp.3907-3916.

Hrvatske Vode. 2013. Guideline for Hydromorphological Monitoring and Assessment Rivers in
Croatia. [Accessed 10 August 2016]. Available from:
http://www.voda.hr/sites/default/files/projekti/2014/meander-1.pdf

Ilnicki, P., Goérecki, K., Grzybowski, M., Krzeminska, A., Lewandowski, P. and Sojka, M. 2010.
Principles of hydromorphological surveys of Polish rivers. Journal of Water and Land
Development. 14(1), pp.3-13.

Kail, J., Jahnig, S. and Daniel, H. 2009. Relation between fl oodplain land use and river
hydromorphology on different spatial scales —a case study from two lower-mountain
catchments in Germany. Fundamental and Applied LimnologyArchiv fiir Hydrobiologie.
174/1, pp.63-73.

Kamp, U., Binder, W. and Holzl, K. 2007. River habitat monitoring and assessment in Germany.
Environmental Monitoring and Assessment. 127(1), pp.209-226.

Kibaroglu, A. and Tigrek, $. 2011. Strategic Role of Water Resources for Turkey. In: Kibaroglu, A., et
al. eds. Turkey's Water Policy: National Frameworks and International Cooperation.
Heidelberg ; New York: Springer, pp.27-42.

Kleynhans, C., Louw, M. and Graham, M. 2008. Module G: EcoClassification and EcoStatus
determination in River EcoClassification: Index of Habitat Integrity (Section 1, Technical
manual) Joint Water Research Commission and Department of Water Affairs and Forestry

Kleynhans, C., Louw, M., Thirion, C., Rossouw, N. and Rowntree, K. 2005. River EcoClassification:
Manual for EcoStatus determination (Version 1). Joint Water Research Commission and
Department of Water Affairs and Forestry Report.

Kleynhans, C.J., Mackenzie, J. and Louw, M.D. 2007. Module F: Riparian Vegetation Response
Assessment Index in River EcoClassification: Manual for EcoStatus Determination (version
2). Joint Water Research Commission and Department of Water Affairs and Forestry report.

143




144

TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

WRC Report No. [Accessed 28 July 2016]. Available from:
https://www.dwa.gov.za/iwqs/rhp/eco/ecostatus/modulef vegrai/modulef vegrai.pdf

Ladson, A.R., White, L.J., Doolan, J.A., Finlayson, B.L., Hart, B.T., Lake, P.S. and Tilleard, J.W. 1999.
Development and testing of an Index of Stream Condition for waterway management in
Australia. FRESHWATER BIOLOGY. 41(2), pp.453-468.

Langhammer, J. 2008. Applicability of hydromorphological monitoring data to locate flood risk
reduction measures: Blanice River basin, Czech Republic. Environmental Monitoring and
Assessment. 152(1), pp.379-392.

Lehotsky, M. and Greskova, A. 2007. Fluvial geomorphological approach to river assessment—
methodology and procedure. Geograficky casopis. 59(2), pp.107-129.

Malcolm, 1.A., Soulsby, C., Youngson, A.F. and Hannah, D.M. 2005. Catchment-scale controls on
groundwater—surface water interactions in the hyporheic zone: implications for salmon embryo
survival. River Research and Applications. 21(9), pp.977-989.

Mc Ginnity, P., Mills, P., Roche, W. and Miiller, M. 2005. 4 desk study to determine a methodology for
the monitoring of the ‘morphological conditions’ of Irish Rivers. Final report. Environmental
RTDI Programme 2000-2006. Central Fisheries Board—Compass Informatics—EPA.

MDEP, M.D.o.E.P. 2009. A4 CITIZEN’S GUIDE to Basic Watershed, Habitat, and Geomorphology
Surveys in Stream and River Watersheds — Volume IManual. Volume I and II (and
Appendices). Maine Stream Team Program of the Maine Department of Environmental
Protection. [Accessed 22 July 2016]. Available from:
http://www.geo.brown.edu/research/Hydrology/FTP_site 5099-
05/Maine_water_survey manual vl mainbody.pdf

Moroglu, M. and Yazgan, M.S. 2008. Implementation of EU Water Framework Directive in Turkey.
Desalination. 226(1), pp.271-278.

Munn, A., Prat, N., Sol, C., Bonada, N. and Rieradevall, M. 2003. A simple field method for assessing
the ecological quality of riparian habitat in rivers and streams: QBR index. Aquatic
Conservation: Marine and Freshwater Ecosystems. 13(2), pp.147-163.

Murphy, M. and Toland, M. 2012. River hydromorphology assessment technique (RHAT). Training
guide. Northern Ireland Environment Agency, Department of the Environment, Version 2012.

NERI and SHMI. 2004. Establishment of the Protocol on Monitoring and Assessment of the
Hydromorphological Elements. Twinning light Project No. TLP 01 — 29.

Odemis, B. and Evrendilek, F. 2007. Monitoring Water Quality and Quantity of National Watersheds
in Turkey. Environmental Monitoring and Assessment. 133(1), pp.215-229.

Orr, H.G., Large, A.R.G., Newson, M.D. and Walsh, C.L. 2008. A predictive typology for
characterising hydromorphology. Geomorphology. 100(1), pp.32-40.




July - August - September - October - November - December / Volume: 2 Issue: 2 Year: 2018

Paillex, A., Castella, E. and Carron, G. 2007. Aquatic macroinvertebrate response along a gradient of
lateral connectivity in river floodplain channels. Journal of the North American Benthological
Society. 26(4), pp.779-796.

Palmer, M., Allan, J.D., Meyer, J. and Bernhardt, E.S. 2007. River restoration in the twenty-first
century: Data and experiential future efforts. RESTORATION ECOLOGY. 15(3), pp.472-481.

Parsons, M., Thoms, M.C. and Norris, R.H. 2004. Development of a Standardised Approach to River
Habitat Assessment in Australia. Environmental Monitoring and Assessment. 98(1), pp.109-
130.

Poff, N.L., Allan, J.D., Bain, M.B., Karr, J.R., Prestegaard, K.L., Richter, B.D., Sparks, R.E. and
Stromberg, J.C. 1997. The natural flow regime. A paradigm for river conservation and
restoration. Bioscience. 47(11), pp.769-784.

Rankin, E.T. 1989. The Qualitative Habitat Evaluation Index (QHEI):Rationale,methods, and
application. Ecological Assessment Section, Devision of Water Quality Planning &
Assessment.  Columbus, Ohio. . [Accessed 22 August 2016]. Available from:
http://www.epa.state.oh.us/Portals/35/documents/QHEI 1989.pdf

Raven, P.J.,, Fox, P., Everard, M., Holmes, N.T.H. and Dawson, F.H. 1997. River Habitat Survey: A
new system for classifying rivers according to their habitat quality. In: Resh, V.H. ed.
Freshwater Quality: Defining the Indefinable? Edinburg: The Stationery Office, pp.381-552.

Raven, P.J., Holmes, N.T.H., Charrier, P., Dawson, F.H., Naura, M. and Boon, P.J. 2002. Towards a
harmonized approach for hydromorphological assessment of rivers in Europe: a qualitative
comparison of three survey methods. Aquatic Conservation: Marine and Freshwater
Ecosystems. 12(4), pp.405-424.

Raven, P.J. 1998. River Habitat Quality the physical character of rivers and streams in the UK and Isle
of Man. 1998. Environment Agency

Rinaldi, M., Belletti, B., Van de Bund, W., Bertoldi, W., Gurnell, A., Buijse, T. and Mosselman, E.
2013b. Review on eco-hydromorphological methods. Deliverable 1.1, REFORM (REstoring
rivers FOR effective catchment Management), Project funded by the European Commission
within  the 7th Framework Programme (2007-2013), Topic ENV.2011.2.1.2-1
hydromorphology and ecological objectives of WFD, Grant Agreement 282656.

Rinaldi, M., Surian, N., Comiti, F. and Bussettini, M. 2011. Guidebook for the evaluation of stream
morphological conditions by the Morphological Quality Index (IOM). Version 1.

Rinaldi, M., Surian, N., Comiti, F. and Bussettini, M. 2013. A method for the assessment and analysis
of the hydromorphological condition of Italian streams: The Morphological Quality Index
(MQI). Geomorphology. 180-181, pp.96-108.

Rosgen, D.L. 1994. A classification of natural rivers. Catena. 22(3), pp.169-199.

Saaty, T. 1980. The Analytical Hierarchy Process. NewYork, USA: McGraw-Hill.

145




146

TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

Sandin, L. and Johnson, R.K. 2004. Local, landscape and regional factors structuring benthic
macroinvertebrate assemblages in Swedish streams. Landscape Ecology. 19(5), pp.501-514.

Scheifhacken, N., Haase, U., Radu, G.L., Kozovyi, R. and Berendonk, T.U. 2012. How to assess
hydromorphology? A comparison of Ukrainian and German approaches. Environment Earth
Science (65), pp.1483—1499.

Sipek, V., Matouskova, M. and Dvorak, M. 2010. Comparative analysis of selected hydromorphological
assessment methods. Environmental monitoring and assessment. 169(1-4), pp.309-319.

Somerville, D.E. and Pruitt, B.A. 2004. Physical Stream Assessment: A Review of Selected Protocols
for Use in the Clean Water Act Section 404 Program. Prepared for the U.S. Environmental
Protection Agency, Office of Wetlands, Oceans, and Watersheds, Wetlands Division (Order
No. 3W-0503-NATX). . Washington,US.

Sozen, S., Avcioglu, E., Ozabali, A., Gorgun, E. and Orhon, D. 2003. European Union Water Policy-
Tasks for Implementing "Water Framework Directive" in Pre-accession Countries. Journal of
Environmental Science and Health, Part A. 38(8), pp.1401-1410.

Starr, R.R. 2009. Stream Assessment Protocol Anne Arundel County Maryland. Stream Habitat
Assessment and Restoration Program U.S. Fish and Wildlife Service Chesapeake Bay Field
Office. [Accessed 25 July 2016]. Available from:
https://www.fws.gov/chesapeakebay/pdf/ 1 new%20stream%?20reports/s09-01.pdf

Sumer, V. and Muluk, C. 2011. Challenges for Turkey to Implement the EU Water Framework
Directive. In: Kramer, A., et al. eds. Turkey's Water Policy: National Frameworks and
International Cooperation. Berlin, Heidelberg: Springer Berlin Heidelberg, pp.43-67.

Szoszkiewicz, K., Buffagni, A., Davy-Bowker, J., Lesny, J., Chojnicki, B.H., Zbierska, J., Staniszewski,
R. and Zgola, T. 2006. Occurrence and variability of River Habitat Survey features across
Europe and the consequences for data collection and evaluation. Hydrobiologia. 566(1),
pp-267-280.

Tabacchi, E., Correll, D.L., Hauer, R., Pinay, G., Planty-Tabacchi, A.M. and Wissmar, R.C. 1998.
Development, maintenance and role of riparian vegetation in the river landscape.
FRESHWATER BIOLOGY. 40(3), pp.497-516.

Tavzes, B. and Urbanic, G. 2009. New indices for assessment of hydromorphological alteration of rivers
and their evaluation with benthic invertebrate communities; Alpine case study. Review of
Hydrobiology. 2, pp.133-161.

The British Geographer. 2012. River Landform. [Online]. [Accessed 22 July 2016]. Available from:
http://thebritishgeographer.weebly.com/river-landforms.html

Tockner, K., Uehlinger, U. and Robinson, C.T. 2009. Rivers of Europe. Amsterdam;London;:
Elsevier/Academic Press.




July - August - September - October - November - December / Volume: 2 Issue: 2 Year: 2018

Triantaphyllou, E. 2000. Multi-criteria decision making methods: a comparative study. Boston,
Mass;Dordrecht;: Kluwer Academic Publishers.

Tzeng, G.-H. and Huang, J.-J. 2011. Multiple attribute decision making: methods and applications.
Boca Raton, FL: CRC Press.

UKTAG. 2008. UK environmental standards and conditions (phase 1)—final report. Vol. SR1-2006.

Ulrich, S.F. 2014. An Extended Method for Continuous Hydromorphological Assessment Applied in
the Joint Danube Survey 3, 2013. ACTA ZOOLOGICA BULGARICA. pp.123-127.

Urbani¢, G. 2014. Hydromorphological degradation impact on benthic invertebrates in large rivers in
Slovenia. Hydrobiologia. 729(1), pp.191-207.

USDA, U.S.D.o.A. 2009. Stream Visual Assessment Protocol Version 2. National Biology Handbook
Subpart B—Conservation Planning. [Accessed 25 August 2016]. Available from:
www.nres.usda.gov/wps/PA.../download?cid...ext=pdf

USEPA, U.E.P.A. 2013. National Rivers and Streams Assessment 2013/14 : Field operations manual
wadable . EPA-841-B-12-009b. Office of Water and Office of Environmental Information,
Washington, DC. [Accessed 20 August 2016]. Available from:
https://www.epa.gov/sites/production/files/2016-
04/documents/nrsal314 fom wadeable versionl 20130501.pdf

Valero, E., Alvarez, X. and Picos, J. 2015. An assessment of river habitat quality as an indicator of
conservation status. A case study in the Northwest of Spain. Ecological Indicators. 57, pp.131-
138.

Ward , T.A., KW., T. and E.R., A. 2003. Visual Assessment of Riparian Health. . ANR Publication
Rangeland Monitoring Series. University of California. 8089, p19.

Watershed Professionals Network. 1999. Oregon Watershed Assessment Manual. . [Accessed 22
August 2016]. Available from:
https://www.oregon.gov/OWEB/pages/docs/pubs/or_wsassess_manuals.aspx

Weil, A., Matouskova, M. and Matschullat, J. 2008. Hydromorphological assessment within the EU-
Water Framework Directive—trans-boundary cooperation and application to different water
basins. Hydrobiologia. 603(1), pp.53-72.

White, D.S. 1993. Perspectives on Defining and Delineating Hyporheic Zones. Journal of the North
American Benthological Society. 12(1), pp.61-69.

Wilhelm, J.G.O., Allan, J.D., Wessell, K.J., Merritt, R.W. and Cummins, K.W. 2005. Habitat
Assessment of Non-Wadeable Rivers in Michigan. Environmental Management. 36(4),
pp-592-609.

Xia, T., Zhu, W., Xin, P. and Li, L. 2010. Assessment of urban stream morphology: an integrated index
and modelling system. Environmental monitoring and assessment. 167(1-4), pp.447-460.

Zarghami, M. and Szidarovszky, F. 201 1. Multicriteria analysis: applications to water and environment
management. Berlin;London;: Spring.

147




148

TURKISH JOURNAL OF WATER SCIENCE & MANAGEMENT

Extended Turkish AbsEract
(Genisletilmis Tiirkce Ozet)

Tiirkiye i¢cin En Uygun Nehir Hidromorfolojisini Degerlendirme
Metotlarinin Belirlenmesi

Nehirlerin hidromorfolojik agidan kapsamli degerlendirilmesi son zamanlarda olduk¢a 6nemli
hale gelmistir. Bunun temel nedeni ise nehirlerin fiziksel yapilarinin karakterize edilmesi, habitat
kalitesi ve bozulmasmin degerlendirilmesi ve bunlarin sucul biyotik yapiya olan etkisinin
anlagilmasidir. Hidromorfolojik degerlendirme yapmak icin diinya capinda ¢ok sayida metot
gelistirilmistir. Avrupa’da ise Su Cerceve Direktifi’nin (SCD) yiiriirliige girmesinden sonra metot
gelistirme stireci hizlanmistir. SCD’ye gore nehir hidromorfolojik kalite bilesenleri {i¢ elementten
(hidrolojik rejim, nehir devamliligi ve morfolojik durum) olusmaktadir. Hidromorfolojik degerlendirme
ise akis rejimindeki degisimler, enlemsel ve boylamsal degisimler, nehir morfolojinde meydana gelen
degisimler kiy1 habitatinda meydana gelen degisimler ve sedimantasyon degisimlerinin incelenmesini
gerektirmektedir. Bu gereklilikler daha kapsamli degerlendirme metotlarinin gelistirilmesine ve ¢oklu
indeks sistemine gegilmesine sebep olmustur. Tiirkiye de Avrupa Birligi (AB) aday iilkesi olarak
SCD’yi uygulamaya baslamis ve bu alanda bazi ilerlemeler kaydetmistir. SCD’nin ilgili yiikiimltliikleri
dogrultusunda Tiirkiye i¢in Tilkenin gercekleri g6z Oniinde bulundurularak hidromorfolojik
degerlendirme metodu gelistirilmesine ihtiya¢ duyulmustur.

Bu calismada; Tiirkiye’nin ulusal nehir hidromorfolojik degerlendirme metoduna temel
olusturmasi i¢in en uygun hidromorfolojik degerlendirme metotlart belirlenmistir. Bu amagla 14 AB
ilkesinden 19 adet ve AB iiyesi olmayan diger 6 iilkeden 25 adet metot se¢ilmis ve incelenmistir.
Hidromorfolojik degerlendirme metotlarinin igerdigi parametrelerin bagil 6nemlilik dereceleri Analitik
Hiyerarsi Prosesi uygulanarak ve Ingiltere, Iskogya ve Irlanda Cevre Ajanslarinda ¢alisan
hidromorfoloji uzmanlarinin gorisleri alinarak belirlenmistir. Tiirkiye i¢in en uygun iki metot ise basit
agirliklandirma  yontemi ile segilmistir. Bu kapsamda biitiin hidromorfolojik degerlendirme
metotlarindaki parametrelerin Tiirkiye o6zelinde, gereklilik dereceleri hesaplanmistir. AB iiye
iilkelerinde, SCD kapsaminda gelistirilen metotlar icerisinden Slovenya Metodu (SHIM) ve diger
iilkelerden Giiney Afrika Metodu (IHI) Tiirkiye’ye uyarlanabilecek en uygun metotlardir. Bunlara ek
olarak, Tiirkiye’nin havza karakteristikleri ile nehirler {izerindeki temel hidromorfolojik baskilar géz
oniinde bulundurulmus ve ulusal nehir hidromorfolojik degerlendirme metoduna yonelik temel ¢ikis
noktasi belirlenmistir. Tiirkiye’de nehirler tizerindeki temel hidromorfolojik baskilardan en 6nemlisi
yogun bir sekilde farkli amaglar (sulama, hidroelektrik, taskin kontrol ve su temimi) i¢in yapilan baraj
ve rezervuarlardir. Bu yapilarin boylamsal nehir devamligina, akis rejimine, biyolojik kalite unsurlarina,
sedimantasyona ve nehir hidrolojisine negatif etkisi oldugu ag¢iktir. Baslica diger baskilar ise sediman
¢ekimi, nehir diizenlemeleri, taskin koruma yapilari, su ¢ekimi, sulama, arazi kullaniminda degisiklikler
olarak sayilabilir. Tiirkiye’de nehirlerin hidromorfolojik degerlendirilmesi i¢in ulusal degerlendirme
indeksi gelistirilmelidir. Bu ¢alismanin sonucunda Tiirkiye i¢in belirlenen en uygun metotlarin (SHIM
ve IHI) dogrudan kullanilmast hidromorfolojik degerlendirmede dogru sonu¢ vermeyecegi
diisiiniilmektedir. Ote yandan belirlenen metotlarin  SCD kapsaminda ulusal hidromorfolojik
degerlendirme indeksi olusturulmasinda temel teskil edecegi diistiniilmektedir. Bu baglamda, SHIM ve
IHI metotlarmin gii¢lii ve zayif yonlerinin belirlenmesi, Tiirkiye’ye uyarlanarak yeni bir indeks
gelistirilmesi gelecek ¢aligmalar i¢in 6nerilmektedir.
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