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ОО  журнале  
Международный научный периодический журнал "Научный взгляд в будущее" получил большое признание 
среди отечественных и зарубежных интеллектуалов. Сегодня в журнале публикуются авторы из России, 
Украины, Молдовы, Казахстана, Беларуси, Чехии, Болгарии, Литвы Польши и других государств.  
Учрежден в 2015 году. Периодичность выхода: ежеквартально. 
Основными целями журнала "Научный взгляд в будущее" являются: 
• cодействие обмену знаниями в научном сообществе; 
• помощь молодым ученым в информировании научной общественности об их научных достижениях; 
• cоздание основы для инноваций и новых научных подходов, а также открытий в неизвестных областях; 
• содействие объединению профессиональных научных сил и формирование нового поколения ученых-

специалистов в разных сферах. 
Журнал целенаправленно знакомит читателя с оригинальными исследованиями авторов в различных областях 
науки, лучшими образцами научной публицистики. 
Публикации журнала "Научный взгляд в будущее" предназначены для широкой читательской аудитории – всех 
тех, кто любит науку. Материалы, публикуемые в журнале, отражают актуальные проблемы и затрагивают 
интересы всей общественности.  
Каждая статья журнала включает обобщающую информацию на английском языке.  
Журнал зарегистрирован в РИНЦ SCIENCE INDEX и INDEXCOPERNICUS. 

 

ППрроо  жжууррннаалл  
Міжнародний науковий періодичний журнал "Науковий погляд у майбутнє" отримав велике визнання серед 
вітчизняних і зарубіжних інтелектуалів. Сьогодні в журналі публікуються автори з Росії, України, Молдови, 
Казахстану, Білорусі, Чехії, Болгарії, Литви, Польщі та інших держав. 
Дата заснування в 2015 році. Періодичність виходу: щоквартально 
Основними цілями журналу є: 
• cприяння обміну знаннями в науковому співтоваристві; 
• допомога молодим вченим в інформуванні наукової громадськості про їх наукові досягнення; 
• створення основи для інновацій і нових наукових підходів, а також відкриттів в невідомих областях; 
• сприяння об'єднанню фахових наукових сил і формування нового покоління вчених-фахівців в різних 
сферах. 

Журнал цілеспрямовано знайомить читача з оригінальними дослідженнями авторів в різних областях науки, 
кращими зразками наукової публіцистики. 
Публікації журналу призначені для широкої читацької аудиторії - усіх тих, хто любить науку. Матеріали, що 
публікуються в журналі, відображають актуальні проблеми і зачіпають інтереси всієї громадськості. 
Кожна стаття журналу включає узагальнюючу інформацію англійською мовою. 
Журнал зареєстрований в РИНЦ SCIENCE INDEX і INDEXCOPERNICUS. 

 

AAbboouutt  tthhee  jjoouurrnnaall  
The International Scientific Periodical Journal "Scientific look into the future" has gained considerable recognition 
among domestic and foreign researchers and scholars. Today, the journal publishes authors from Russia, Ukraine, 
Moldova, Kazakhstan, Belarus, Czech Republic, Bulgaria, Lithuania, Poland and other countries. 
Journal Established in 2015. Рeriodicity of publication: Quarterly 
The journal activity is driven by the following objectives: 
• Broadcasting young researchers and scholars outcomes to wide scientific audience 
• Fostering knowledge exchange in scientific community  
• Promotion of the unification  in scientific approach 
• Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains 

The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best 
examples of scientific journalism. 
Publications of the journal are intended for a wide readership - all those who love science. The materials published in 
the journal reflect current problems and affect the interests of the entire public. 
Each article in the journal includes general information in English. 
The journal is registered in the RISC SCIENCE INDEX and INDEXCOPERNICUS. 
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Трреббоввания  к  ссттааттььяямм  
Статьи должны соответствовать тематическому профилю журнала, отвечать международным стандартам научных 
публикаций и быть оформленными в соответствии с установленными правилами. Они также должны представлять собой 
изложение результатов оригинального авторского научного исследования, быть вписанными в контекст отечественных и 
зарубежных исследований по этой тематике, отражать умение автора свободно ориентироваться в существующем 
библиографическом контексте по затрагиваемым проблемам и адекватно применять общепринятую методологию 
постановки и решения научных задач.  
Все тексты должны быть написаны литературным языком, отредактированы и соответствовать научному стилю речи. 
Некорректность подбора и недостоверность приводимых авторами фактов, цитат, статистических и социологических 
данных, имен собственных, географических названий и прочих сведений может стать причиной отклонения присланного 
материала (в том числе – на этапе регистрации). 
Все таблицы и рисунки в статье должны быть пронумерованы, иметь заголовки и ссылки в тексте. Если данные 
заимствованы из другого источника, на него должна быть дана библиографическая ссылка в виде примечания. 
Название статьи, ФИО авторов, учебные заведения (кроме основного языка текста) должны быть представлены и на 
английском языке. 
Статьи должны сопровождаться аннотацией и ключевыми словами на языке основного текста и обязательно на английском 
языке. Аннотация должна быть выполнена в форме краткого текста, который раскрывает цель и задачи работы, ее структуру 
и основные полученные выводы. Аннотация представляет собой самостоятельный аналитический текст и должна давать 
адекватное представление о проведенном исследовании без необходимости обращения к статье. Аннотация на английском 
(Abstract) должна быть написана грамотным академическим языком.  
Приветствуется наличие УДК, ББК, а также (для статей по Экономике) код JEL (https://www.aeaweb.org/jel/guide/jel.php) 
Принятие материала к рассмотрению не является гарантией его публикации. Зарегистрированные статьи рассматриваются 
редакцией и при формальном и содержательном соответствии требованиям журнала направляются на экспертное 
рецензирование, в том числе через открытое обсуждение с помощью веб-ресурса www.sworld.education.  
В журнале могут быть размещены только ранее неопубликованные материалы. 

 

ВВимоогги  ддоо  статей    
Статті повинні відповідати тематичному профілю журналу, відповідати міжнародним стандартам наукових публікацій і 
бути оформленими відповідно до встановлених правил. Вони також повинні представляти собою виклад результатів 
оригінального авторського наукового дослідження, бути вписаними в контекст вітчизняних і зарубіжних досліджень з цієї 
тематики, відображати вміння автора вільно орієнтуватися в існуючому бібліографічному контексті по піднятим проблемам 
і адекватно застосовувати загальноприйняту методологію постановки і вирішення наукових завдань. 
Всі тексти повинні бути написані літературною мовою, відредаговані і відповідати науковому стилю мовлення. 
Некоректність підбору і недостовірність наведених авторами фактів, цитат, статистичних та соціологічних даних, власних 
імен, географічних назв та інших відомостей може стати причиною відхилення надісланого матеріалу (в тому числі - на 
етапі реєстрації). 
Всі таблиці і рисунки в статті повинні бути пронумеровані, мати заголовки і посилання в тексті. Якщо дані запозичені з 
іншого джерела, на нього повинні бути бібліографічні посилання у вигляді примітки. 
Назва статті, ПІБ авторів, навчальні заклади (крім основної мови тексту) повинні бути представлені і на англійській мові. 
Статті повинні супроводжуватися анотацією та ключовими словами на мові основного тексту і обов'язково англійською 
мовою. Анотація повинна бути виконана у формі короткого тексту, який розкриває мету і завдання роботи, її структуру та 
основні отримані висновки. Анотація представляє собою самостійний аналітичний текст і повинна давати адекватне 
уявлення про проведене дослідження без необхідності звернення до статті. Анотація англійською (Abstract) повинна бути 
написана грамотною академічною мовою. 
Заохочується наявність УДК, ББК, а також (для статей по Економіці) код JEL (https://www.aeaweb.org/jel/guide/jel.php) 
Ухвалення матеріалу до розгляду не є гарантією його публікації. Зареєстровані статті розглядаються редакцією і при 
формальному і змістовному відповідно до вимог журналу направляються на експертне рецензування, в тому числі через 
відкрите обговорення за допомогою веб-ресурсу www.sworld.education. 
У журналі можуть бути розміщені тільки раніше неопубліковані матеріали.  

  
RReequiirreemeennttss  ffoor  aarrttiicclleess  

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be 
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific 
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the 
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and 
solving scientific problems. 
All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and 
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited 
by the authors can cause the rejection of the submitted material (including at the registration stage). 
All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another 
source, a bibliographic reference should be given to it in the form of a note. 
The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in 
English. 
Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract 
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The 
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the 
article. Abstract in English (Abstract) should be written in a competent academic language. 
The presence of UDC, BBK 
Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial 
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open 
discussion using the web resource www.sworld.education 
Only previously unpublished materials can be posted in the journal. 
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ППолложеннииее  об  ээттииккее  ппууббллииккааццииии  наууччных  ддаанннныыхх  ии  еее  ннааруушшеенниияяхх  
Редакция журнала осознает тот факт, что в академическом сообществе достаточно широко распространены 
случаи нарушения этики публикации научных исследований. В качестве наиболее заметных и вопиющих 
можно выделить плагиат, направление в журнал ранее опубликованных материалов, незаконное присвоение 
результатов чужих научных исследований, а также фальсификацию данных. Мы выступаем против подобных 
практик. 
Редакция убеждена в том, что нарушения авторских прав и моральных норм не только неприемлемы с 
этической точки зрения, но и служат преградой на пути развития научного знания. Потому мы полагаем, что 
борьба с этими явлениями должна стать целью и результатом совместных усилий наших авторов, редакторов, 
рецензентов, читателей и всего академического сообщества. Мы призываем всех заинтересованных лиц 
сотрудничать и участвовать в обмене информацией в целях борьбы с нарушением этики публикации научных 
исследований. 
Со своей стороны редакция готова приложить все усилия к выявлению и пресечению подобных неприемлемых 
практик. Мы обещаем принимать соответствующие меры, а также обращать пристальное внимание на любую 
предоставленную нам информацию, которая будет свидетельствовать о неэтичном поведении того или иного 
автора.  
Обнаружение нарушений этики влечет за собой отказ в публикации. Если будет выявлено, что статья содержит 
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Abstract. Two main problems are considered in the article related with rivers flow regulation 

by dams and reservoirs. First of them – it is a land cover change in river deltas because of water 
and sediment inflow decrease and economic activity. The second one is imbalance in deltas of 
sediments accumulation and their erosion by sea currents and waves, as a result of which the 
coastline changes. In this case, the destruction of land cover and infrastructure occurs on the coast 
and the living conditions of the population change. As the example deltas of the Black Sea southern 
coast have been analyzed and the scale and intensity of such processes revealed. 

Key words: delta, land cover, coastline, landscape, dams, Landsat 
1. Introduction. Land cover change in river deltas under the impact of 

economic activity in their basins and especially of river flow regulation by dams and 
reservoirs becomes a global process that attracts the attention of scientists, 
practitioners and the general public [8, 13-16]. Particular attention is paid to profound 
impact on the deltaic landscapes and on the living conditions of the population in the 
zone of influence of these hydraulic engineering and water management facilities. 
The most large-scale destructive changes for delta nature (including desertification) 
appeared in the first half of the last century in the Colorado Delta, and in the second 
half of the 20th century in the deltas of the Aral Sea basin, in South-East Asia, in the 
Mesopotamia, etc. Large scientific schools have been formed to study these important 
processes (Mikhailov V.N., Kovda V.A., Coleman J.M., Vorosmarty C.J., Sivitsky 
J.P.M. and many prominent researchers in the world).  

In the Black Sea basin there is another very important problem – change in a 
coastline of the river deltas due to interrelation with alongshore sea currants and wave 
activity. When an inflow of water and sediments into deltas strongly decreases last 
decades, impact of the sea becomes more aggressive and leads to destruction of land 
cover, infrastructure and even buildings. Such process is manifest itself most actively 
along south and eastern coast of the Black Sea, that is why we consider first of all 
change in land cover and especially in coastline of deltas of Turkish coast in this 
article. 

2. Characteristic of the subject. In the Black Sea basin deltas of different types 
were formed. The deltas of the Dnieper and the Dniester were formed in long shallow 
estuaries and belong to the so-called "delta of filling" (bay-head delta). The deltas of 
the Don and the Kuban rivers are located on the shores of the shallow Azov Sea and 
obviously refer to the transition type from bay-head deltas to protruding deltas. The 
extensive Danube delta is of a complex nature and is now developing as a protruding 
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delta, experiencing also the latest changes due to flow regulation and economic 
activity [4, 6 7]. And deltas of the southern coast of the Black Sea are formed as 
protruding deltas pushing into the tide-free sea. Namely these deltas - Chorokhi, 
Yesilirmak, Kizilirmak, Sakarya (Fig. 1) are subject for the sea currents impact, as 
well as deltas of many small rivers in this region. 

 

 
Fig. 1. Black Sea currents and deltas of the southern coast (1 – Chorokhi. 2 – 

Yesilirmak, 3 – Kizilirmak, 4 – Sakarya) 
 
The general water circulation system in the Black Sea is shown on the Fig. 1 

[12]. Along the south coast of the sea main currents are directed from west to east. 
Therefore, land erosion processes take place at western part of deltas and mostly at 
north part (in the river mouth). 

3. Methods of investigation. For the analysis of land cover changes in deltas of 
the Chorokhi, Yesilirmak, Kizilirmak and Sakarya Rivers and a coastline dynamics 
near their mouths satellite images of Landsat 2, 4, 5 and 8 were used. The 
visualization of the images was performed by the ERDAS imagine program, and the 
analysis of the land cover of the estuarine region of the river – by the so-called 
unsupervised classification. In addition, to assess the rate of coastal retreat due to 
erosion processes, the Google Earth cartographic service was used. History of flow 
regulation in river basins and economic activity in deltas has been analyzed from 
scientific publications. 

4. Results and discussions. Rivers Chorokhi (Choruh, Çoruh), Yesilirmak, 
Kizilirmak and Sakarya are the most rivers that flow from the Asia Minor peninsula 
into the Black Sea. They form deltas with different area and various characteristics 
depending on geomorphological conditions, river flow regulation and economic 
activity in their basins. Accordingly, processes of land cover change and coastline 
dynamics in these deltas have certain features. Among them, a special place is 
occupied by the Chorokhi river delta, which is influenced by the extremely strong 
regulation of river flow in its basin. 

4.1. The Chorokhi river basin is the subtropical zone of the Mediterranean type, 
which is replaced to the north by the humid subtropics with precipitation to 2650 mm 
in the coastal part. Most of the Chorokhi basin is used as forest land and pastures and 
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very small area is used in agriculture to grow corn, wheat, hazelnuts, olives, grapes, 
tea. However, the hydropower potential of the river is the most valuable in this region 
[1, 5]. The Chorokhi valley is recognized by Turkish environmental organizations as 
an important biodiversity region, which deserves every possible protection and 
conservation.  

 

 
Fig. 2. The Chorokhi River basin in winter (left, Terra) and the 

geomorphological features of the delta (right, Google Earth) 
 
The Chorokhi River (Choruh) begins in the Armenian Highlands in the east of 

Turkey and flows into the Black Sea in Georgia near the city of Batumi (Fig. 2). The 
area of the river basin is 22,100 km2, of which 91% are in Turkey and 9% in Georgia 
[2, 10]. The length is 438 km, of which 412 km are within Turkey and 26 km - in 
Georgia. The annual average long-term runoff of the Chorokhi water is 8.71 km3 [4]. 
The annual run-off before the river regulation fluctuated from 3.3 km3 / year (1955) 
to 11.2 km3 / year (1968), and the average annual runoff for 70 years of observations 
is estimated even at 6.3 km3 / year [2]. The inflow of sediments to the sea was 
estimated at 8.44 million tons per year, or 11% of the sediment discharge to the Black 
Sea [7]. The deposits took part in the formation of the delta of the river and the shelf. 
However, a significant amount of sediment was absorbed by the Chorokhsky 
submarine canyon (up to 1800,000 m3 / year [4]). But the natural dynamics of 
sediment is sharply disturbed in recent decades by the regulation of river flow by 
dams and reservoirs. Within Turkey are dams: Muratli - 30 km from the mouth of 
Chorokhi with a reservoir capacity of 0.075 km3, Borchha - 0.419 km3, Deriner - 1.97 
km3, Arkun - 0,283 km3, Artvin - 0.167 km3, Gullubag - 0.02 km3, Laleli - 0,969 km3, 
Tortum - 0.058 km3, Aksu - 0.184 km3. The total capacity of reservoirs is estimated at 
6.72 km3 [11]. After completion the construction of the highest Yusufeli dam in the 
basin (273 m) with a reservoir capacity of 2.13 km3, the sediment runoff can almost 
completely cease. In general, 27 hydropower dams are planned to be constructed in 
the Chorokhi basin (Fig. 3). 

A decrease in the flow of sand and gravel into the delta with the river sink 
threatens, in the opinion of experts [1, 2, 11] not only the ecosystems of the delta and 
the coast, but also to the city of Batumi, where the problem of protecting shores with 
special structures will become acute. To assess the actual effect of the regulation of 
the Chorokhi River flow on the processes in its delta Landsat satellite images for the 
period 1980-2018 were used. First of all, the changes in delta landscapes within the 
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Fig. 3. Dams and hydroelectric stations on the Chorokhi River [2] 

 
boundaries of the territory as of 2015 are analyzed due to the reinforcement of the 
draining role of the Chorokhi River after its regulation by dams and reservoirs (Fig. 4 
and Table 1). 

Table 1. 
Dynamics of lands in the Chorokhi River delta, ha 

Dates 

The land 
Total, 

ha Water 
surface Wetlands 

Meadow
s and 

gardens 

Forests 
and 

parks 

Non-
permeable 

area 
1987.08.16 303 594 487 897 1449 3730 
2015.04.07 261 425 907 867 1270 3730 
2015.05.25 276 400 940 863 1251 3730 
2015.07.28 251 237 921 955 1366 3730 
2018-09-06 194 159 930 1075 1372 3730 

 
The obtained results are approximately indicative of some dehumidification of 

this delta territory and activation of its economic development. To determine changes 
in the shoreline of the delta, the shape-file of this delta (.aoi-file) in the Landas-8 
image in 2015 was applied to the Landsat-5 image in 1987 (Fig. 4). The results 
indicate a retreat of the shoreline, that is, the erosion of the banks, in the mouth of the 
river and in the section between the mouth and the city of Batumi. Taking into 
account the approximate nature of the values obtained in this way, we assume that in 
the region of the river mouth the coastline has shifted to the east for the period 1987-
2015 on 120-150 m. And on the territory between the mouth of the river and the city 
of Batumi, these values were 60-90 m (Fig. 5). Within the city of Batumi, the 
shoreline shift was generally less than 1 pixel (30 m), and to the west direction. That 
is, there was a weak tendency to accumulate sediments. A refinement of this value 
was made with the help of the cartographic service "Google Earth" (Fig. 6, left). This 
result shows that sand and gravel beach slowly increase there with rate about 2-3 m / 
year. Overlay of the coastline in 2015 on the Landsat-8 image for 2018 (Fig. 6, right) 
shows that such tendency has continued to this day. 
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Fig. 4. The Chorokhi River Delta on the Landsat images (1987, 2015, 2018) 

and their classification: 1- water surface, 2 - buildings, 3 - non-permeable 
territories, 4 - wetlands, 5 - forests and parks, 6 - meadows and gardens 
 

 
Fig. 5. The overlay of the shoreline in 2015 (Landsat 8) on the images of 

Landsat 5 at the Chorokhi River mouth (left) and on the section between the 
mouth and the city of Batumi (right). 
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Fig. 6. Left - coastline change in the Batumi city on the Google Earth (red -

2004, yellow – 2016, green – 2018); right –overlay of coastline in 2015 on the 
Landsat-8 image for 2018. 

 
In order to determine the specific territories where the changes occurred, as well 

as their areas, the function "change detection" was used. It was revealed that the most 
large-scale processes of erosion and accumulation take place in the riverbed within 
Georgia. Here the coasts and islands were washed away by the clarified river waters 
on an area of 210 ha and the newly formed deposits on the area of 107 ha were 
accumulated. In the vicinity of the Chorokhi River mouth for the period 1987-2015 
the most protruding sections in the sea were eroded on an area of 14 ha. On the area 
from the river mouth to the city of Batumi erosion of the coast on an area of 16 ha 
was noted. In the same area of the Batumi city sediment accumulation on area of 20.5 
ha and extension of the coast to the sea took place 

4.2. The Yesilirmak is one of the great rivers in Turkey. Its length is 519 km, 
the average long-term runoff is 5,30 km3 (after the flow regulation), and the 
catchment area is 36129 km2 [4]. It flows on the western outskirts of the Eastern 
Pontic Mountains. Within the river valley there are many drainage channels. In the 
middle reaches, Yesilirmak takes several influxes, of which the largest are Calcutta, 
Korum and Chekerek (Fig. 7). The sediments of the Yeshilirmak, the Terme river and 
small mountain floods form a common broad delta plain whose edges are 
waterlogged. The annual sediment flow was 12500 thousand tons, and after the river 
regulation it fell to 330 thousand tons - almost 40 times [4]. 

In the delta in 1975, that is, before the construction of large reservoirs, in the 
conditions of the subtropics of the Mediterranean type, swamps, marsh meadows and 
shrubs, and lakes, especially in its seaside part, were distributed. This is clearly 
visible in the space image and its classified image (Fig. 8). Although there were 6 
classes of surface, then they were generalized into two classes: wetlands and 
drylands. The area of wetlands was at that time more than 69 thousand hectares 
(Table 2). But already in 1981, after the construction in the lower reaches of the 
Hassan-Ugurlu and Suat-Ugurlu reservoirs, there was a noticeable drying of the delta 
and the reduction of the area of over-wetted land by more than 5 thousand hectares 
(Table 2). Further regulation of river runoff and economic activities in the basin and 
delta led to a reduction in the area of wetlands by almost 2 thousand hectares. Area of 
wetlands in 2018 needs in further specification.  
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Fig. 7. Basin of the Yesilirmak River 

 
 

 
Fig. 8. The Yesilrmak delta land cover change in 1975-2018 (Landsat 

images and their classified pictures) 
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Table 2. 
Land covers change in the Yesilirmak delta 

Land Years 
1975 1981 1985 2015 2018 

Wetlands 69453 64341 62533 54436 59694 
Drylands 76851 81963 83555 91654 86396 
Total area 146304 146304 146088 146090 146090 

 
In addition to changing the ratio of overwetted and dry lands areas in the 

Yesilirmak delta, there are some changes to the coastline (Fig. 9). Due to reduction in 
sediment flow, the processes of erosion in the north and north-west part of the delta, 
which is subject to the greatest influence of winds and sea waves, have intensified. It 
also intensified the movement of sediments along the coast with the sea water. As a 
result, some area near the river mouth becomes eroded. Our studies have shown that 
coastal erosion in the region of the mouth of the river during the period from 1985 to 
2015 led to a coastal displacement of 1000-1100 m, that is, a significant area of land 
at the delta mouth was destroyed (Fig. 9). 

 

 
Fig. 9. Changes in the Yesilirmak Delta coastline in 1985, 2015, and 2018 

 
To deal with such destructive processes in the delta, especially on the right bank, 

special measures are implemented - stone and concrete "spurs". This has led to a 
weakening of erosion processes in recent years. Thus, for the period of 2011-2017, 
the destruction of land on the left bank of the delta was 107 m, that is 17.8 m / year, 
and on the right bank - only 41 m, or 6.8 m / year. 

3.3. The Kizilirmak River is the largest on the southern coast of the sea. Its 
delta is of international importance as a wetland habitat for waterfowl. And the flat 
areas are occupied by agricultural land, irrigated fields and fruit plantations. The 
length of the river is 1355 km, the catchment area is 78,646 km2 [4]. 

It originates in the mountains in inner Anatolia and flows into the sea on a 
marshy plain near the town of Bafra (Fig. 10). An underwater bank [10] is formed in 
front of the river mouth, which affects the current processes of coastal erosion. 

And behind the barrier of sand dunes, the configuration of which was 
determined by the interaction of the influx of river sediments and along the coastal 
currents of the sea, lagoons of unique conservation value (Karabogaz, Balyk, 
Chernek, Lyman and others) were formed. The soil cover of a delta is represented 
mainly by hydromorphic alluvial soils having a high content of organic matter (up to 
20%), but often too wet, requiring drainage amelioration. The Kizilirmak Delta is one  



Выпуск 14                                                                                                                                                                Том 1 

Научный взгляд в будущее                                                                                          ISSN 2415-766Х (P) / 2415-7538 (O) 113 

 
Fig. 10. The basin of the Kizilirmak river in Turkey 

 
of the most productive regions of Turkey. Here they grow wheat, corn, rice, 
sunflower, sugar beet, tobacco, vegetable. Significant areas are covered by protected 
areas (wetlands and lagoons), as well as forests and pastures. 

The flow of the Kizilirmak river is heavily regulated in the interests of energy, 
irrigation and water supply since the 50s. The water flow before regulation was 7.63 
km3 / year and after - 5.90 km3 / year [4]. The sediment discharge of the river 
Kizilirmak also sharply decreased from 16700 thousand tons up to 440 thousand tons, 
especially as a result of the Altynkaya (1988) and Derbent (1991) reservoirs creation 
near the top of the delta. Large-scale changes in land cover in the delta occur under 
the influence of: 1) erosion-accumulation processes on the coast; 2) reduce the inflow 
of river water and sediment into the delta, causing the degradation of hydromorphic 
landscapes; 3) changes in land use (for irrigation, arable land, pastures, protected 
wetlands, etc.), including hydrotechnical reclamation. In the Kizilirmaka delta, the 
inflow of river sediments decreased especially sharply after the creation of the 
Altynkaya and Derbent reservoirs, so we compared the delta coastline in 1980 and 
2010, that is, over 3 decades, and also in 2018 (Fig. 5). 

 

Fig. 11.   Changes in coastline of the Kizilirmak delta in 2010 and 2018 
 
Approximate graphical assessment of changes in coastline for the period 1980-

2010 showed that the west coast (Fig. 11) has changed little. Erosion here manifested 
itself at a distance of 0-30 m, that is, within one pixel in the raster image. More 
erosion was manifested east of the mouth of the river, spreading here from 30-60 m 
to 180-210 m (6-7 pixels). At the same time, areas of sediment accumulation were 
revealed on the east coast, where the sea retreated 60–180 m. Special spurs weakened 
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there the erosion processes in that period, but did not prevent them completely. In 
2018 coast erosion became very slow. We see at satellite image (Fig.11, right), that 
erosion stopped neat river mouth and only in point 2 earlier accumulated deposits was 
eroded. 

Changes in the land cover of the delta, due to a decrease in the inflow of river 
water because of flow regulation, agricultural activities, as well as an increase in 
settlements and recreational facilities, are analyzed based on the classification of 
satellite images for the period 1985-2016 (Fig. 12 and Table 3). According to these 
indicators, the decrease in the water surface area in the delta over 30 years amounted 
to about 2 thousand hectares, and only in 2016, which was distinguished by 
meteorological conditions; this decrease was less than 1 thousand hectares. A 
significant area of lakes and estuaries was transformed into wet meadows.  

 
Table 3. 

Changes in the area of water surface and wetlands in the delta of Kizilirmak,  
ha (within the study area) 

Land 1985-11-13 2014-08-31 2015-10-05 2016-11-08 
Water area 5566 3617 3248 4688 
Wetlands 6317 8440 7814 6136 
Meadow 14516 11995 11835 13684 
Other lands  25379 27725 28880 27272 
Всего 51778 51777 51777 51780 

 

 
Fig. 12.  Changes in wetlands area in the Kizilirmak delta for 1985-2016 
 
In general, a decrease in the inflow of water and sediment into the Kizilirmak 

River delta and economic activity caused noticeable changes in land cover. The water 
surface of lakes and estuaries in the delta has decreased over 30-year period by 1–2 
thousand hectares due to the transformation of water bodies into wetlands. However, 
the quantitative indicators of changes in the area of wetlands in the Kizilirmak delta 
should be clarified by further monitoring in connection with the new trend 
(improvement of watering), noted in 2016-2018. A decrease in the river sediment 
inflow in the delta caused the activation of erosion-accumulation processes in 1980–
2010. Wave activity and alongshore currents caused coastal erosion mainly at the 
mouth of the river and local accumulation of sediment on the east coast. And special 
anti-erosion structures ("spurs") noticeably weakened erosion processes in 2010-
2018. 

3.4. Sakarya River. This river flows in the north-western part of the Asia Minor 
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peninsula along the Anatolian plateau, cuts through the western extremity of the 
Pontic Mountains and flows into the Black Sea (Fig. 13, 14).  

 

 
Fig. 13. The Sakarya River basin 

(https://en.wikipedia.org/wiki/File:Sakaryarivermapfinal.jpg) 
 
Its length is 824 km, the catchment area is 65,000 km2, the average water 

discharge is about 200 m3 / s, and the largest tributaries are the Porsuk and Ankara 
rivers. The river flow exceeded 6 km3, and after the flow regulation by the reservoirs 
it decreased to 4.75 km3 [3, 9, 14]. Three large dams were constructed on the main 
channel of the river with reservoirs – the Sarıyar with HPP and total water capacity 
1,910,000,000 m3, the Gökçekaya, created for irrigation, and the Yenice with HPP 
(57,600,000 m3), and the Akçay Dam with HPP and water capacity 910,000,000 m³ 
was built at the tributary. Moreover, many small and middle dams were constructed 
in the basin [9, 14], and new dams are projected. As the result, water flow decreased 
at about 20%, and sediment – at 45-65% [3, 9], erosion and deepening of the river 
bed below the dams was also revealed. 

In the lower reaches, the Sakarya River flows along the accumulative plain and 
does not form a pronounced delta, falling into the sea in one channel. The Lower 
Sakarya Basin has a mild climate with rainfall averages about 770 mm/year, snowfall 
20 to 30 cm/year and frost-free period 355-360 days. Land cover of the basin is 
occupied by forests that were partly destroyed and converted into agricultural lands. 
In the river basin tobacco, wheat, sugar beets are grown. 

After the Sakarya regulation the water flow in the estuary decreased by about 
20%, sediment discharge decreased by 45-65%. Under an impact of sea currents the 
western parts of the relief elements protruding into the sea were eroded firstly and 
more intensively (Fig. 14). And the eastern part of the estuary area was fixed by 
special structures and the coastline here retreated much slower. 

Within the territory investigated by us, the land area decreased by 40 hectares 
due to the advance of the sea. At the same time, there was a decrease in the area of 
wetlands per 100 hectares due to the total desiccation of the river mouth area when 
the flow was regulated. The use of the “historical” function of the cartographic 
service “Google Earth” made it possible to more specifically determine the rate of 
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Fig. 14. Coastline and land cover change at the Sakarya River mouth (left – 

true color, right – classified images 
 

retreat of the estuary area shores over the past 15 years (Fig. 15). These data showed 
that the western part of the coast retreated over these years by 130 m, that is, by 8–9 
m / year. And the eastern (fixed) part of the mouth retreated only by 20 m or 1-2 m / 
year. Consequently, the protection of the coast and infrastructure proved to be quite 
effective for protecting land and infrastructure from destruction. 
 

 
Fig. 15. Coastline change at Google Earth (left) and bank protection in the 

Sakarya River mouth (right). 
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