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Abstract 

The present study is concerned with the phenomenon of river islands in the course of the Euphrates 
River, which runs within the northern part of Babylonprovince within Al-Musayyab district. The length 
of the river within the study area is 50.6 km in order to identify the factors affecting natural and human 
formation, development, locations, and seasons of appearance of the islands. In the morphometric 
analysis, the NDWI indicator was used in ArcGIS 10.8.1 using Sentinel-2 satellite visuals (band 3, 
band 8) and aerial photographs were taken using Ultimate Maps Downloader v3.0.1. It was found that 
there are 37 islands that differed in type, area, length, width, and shape. In terms of type, there are 6 
permanent islands, 5 seasonal islands, and 26 fused islands. As for shapes, there are 15 strip 
islands, 14 longitudinal islands, 2 arc islands, 4 irregular islands, 1 round island, and 1 semi-
organized island. 

Keywords: River islands, Euphrates River, morphometric analysis, remote sensing, sedimentation, 
NDWI index. 

 

Introduction 

Rivers in general, including the Euphrates, are characterized by many 
geomorphological phenomena that are clear features of river environments, including 
river islands. The present study is concerned with the factors affecting the 
emergence, development, numbers, and area of river islands. River islands are 
important sedimentary phenomena in the sedimentary plain areas associated with 
rivers, especially in low-lying areas, where they became the focus of interest for 
students of geography because of their dangers on the course of the river. 

The research problem 

What are the reasons of formation of river islands? 

What are their morphometric characteristics? 
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The research hypothesis 

There are different conditions in the formation and emergence of islands, including 
natural and human. There are also different morphometric characteristics. 

 

The objectives 

To study the islands as an important and striking phenomenon, to reveal the factors 
and processes that led to their formation and emergence, and to analyze the 
morphometric characteristics. 

Study area boundaries 

It is located within the course of the Euphrates River for a distance of 50.6 km within 
the administrative boundaries of Babylon province, Al-Musayyab district in its 
northwestern part, between two latitudes in the north and longitudes in the east as 
shown in map (1). 

 

Source: 1. The Ministry of Water Resources, Directorate of Public Survey, the 
administrative map of Babylon province, at a scale of 1:250,000 for 2010. 
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2 The satellite view of Sentinel-2 2020. 

Map (1) the location of the study area. 

Section one 

Factors affecting the formation and emergence of river islands 

River islands arise in the form of a nucleus as a result of the increase in sediments 
and the inability of the river to carry them, which results in a decrease in the speed of 
the river, so it gives up part of its load and deposits it on the bottom of its course. 

First; Natural Factors 

1. Nature of geological deposits 

The study area is part of the sedimentary plain, which represents a broad regional 
concavity filled and covered with Quaternary sediments. The sediments are from 
river, marine, deltaic, and aerobic sediments. The thickness of the sediments of the 
Quaternary period in the sedimentary plain basin ranges between 150-200 m (Sahar, 
et al. 2018). So, the nature of the sediments over time may help erosion factors to 
carry these fragile and erosive sediments through the course of the river and their 
deposition according to the strength of the water current on the basis of the largest in 
size to the smallest in the places of its deposition at the bottom of the river. Over 
time, the level of the bottom rises and the first nucleus is formed to form the river 
islands. 

2. Climatic characteristics 

The two elements of temperature and rain are among the most influential elements 
of climate on the formation of river islands. The temperature varies between night 
and day, summer and winter, as it helps to break down and dismantle rocks, which 
facilitates their transportation by means of erosion factors such as wind and rain. 
Temperatures work through their contrast between night and day. In summer and 
winter, rocks break down and break up, which facilitates their transportation by 
erosion factors such as wind and rain. In addition, high temperatures lead to the river 
losing large amounts of its water through evaporation, which means a decrease in 
the rate of discharge and a decrease in the speed of the current, which is reflected 
on the increase in sedimentation. The average annual thermal range in the study 
area is 14.6°C. 

Rain is also a factor of weathering and erosion at the same time, because it 
contributes to the erosion of drilling downstream through the floods formed in the dry 
valleys connected to the river. Thus, it contributes to increasing the amount of load 
from the river. Then, it becomes unable to bear the load, which results in 
precipitation. The average total annual rainfall in the study area is 97.5 mm. 
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3. Regression 

The Euphrates River runs within the study area with a slight slope in the land of the 
alluvial plain, whose land is almost flat with a slight slope towards the south and 
southeast. The regression is 5 cm, which means that it is 1 cm for each 10 km. 
Therefore, the regression degree controls the speed of water flow. The greater the 
speed, the greater the kinetic energy that is consumed in the movement of the water 
and its load and vice versa (Al-Maliki, 2016). The lack of slope reduces the speed of 
the water current. Thus, the water becomes unable to carry its sediment for long 
distances as it begins to drop. They roughen their load, forming barriers, which 
develop over time to form river islands. 

4. Cross-section of the river 

The difference in the shape and sections of the river course affects the construction 
of the river islands. The amount of friction in the waterways is related to the shape 
taken by the cross section of the river and the length of the distance over which the 
water spreads, which affects the speed of the water and thus controls the erosion of 
the river. 

The course of the Euphrates in the region is characterized by the presence of bends, 
which make the cross-section irregular. Thus, the average depth varies from one 
cross section to another with the average cross section being 240 m. Since the river 
course is wide and low in depth, it increases the rate of friction and thus reduces the 
energy of the river, which leads to the deposition of the sediments it carries, which 
leads to the formation of islands. 

5. River drainage 

Seasonal and annual fluctuations in rainfall and the discharge of water affected by 
climatic fluctuations caused a difference in the discharge of river water from a year to 
another and from a season to another depending on the difference and instability of 
the discharge. It is possible to say that the periods in which the discharge suddenly 
decreases represent the most suitable period for the construction of the foundations 
of the river islands. 

The parts in which the river islands appear in the middle of the river course are 
considered parts in which sedimentation processes are active, which leads to the 
construction and development of the river islands in terms of increasing their size 
(Al-Tamimi, 2003). 

Increased river discharge may stimulate river processes in terms of transport and 
deposition of fragments. Sedimentation of fragments increases in places where there 
are obstacles that reduce the velocity of runoff within the stream, including islands 
covered with natural vegetation, through continuous sedimentation and growth of 
vegetation on river islands. These islands become more like traps for capturing and 
creating islands, thus increasing the size of the islands. 
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6. Natural plant 

Plant growth on those islands causes the accumulation of coarse sediments at the 
bottom. These sedimentary accumulations appear on the surface, which leads to the 
growth of plants and herbs above them, including reeds, Phragmites communis, 
Typha angustata, and Populus. The reed plant is the most growing and proliferating 
species on the banks of the riverbed, which penetrates to several meters into the 
stream, forming an obstacle to the movement of sediments, which helps to catch and 
accumulate them. Thus, islands appear and develop over time and thus become a 
suitable environment for the growth of plants, especially reeds, Phragmites 
communis, Typha angustata, and Populus. 

7. River bends and twists 

River twists vary in their speed and quality of movement from one place to another 
according to time. There are no fixed measures of speed, but it depends on external 
conditions as the speed is maximum on the concave side and lowest speed on the 
convex side, which causes the lateral movement of water currents. Thus,it increases 
the process of carving on the concave side and sedimentation on the convex side. 
This is what is noticed from the entry of the river in the study area to Al-Hindiya dam 
and the association of the islands with the river bends, as in Map (2). 

Second; Human Factors 

Man is an important geomorphological factor in the formation and emergence of river 
islands through the establishment of facilities and projects on the course of the river 
such as dams, barriers and bridges, which affects the speed and rate of water 
drainage. The speed of the water current decreases after passing through these 
projects, which allows the formation of river islands(Al-Dulaimi and Al-Jumaili, 2021). 

There is no doubt that man, through various uses of the land, has become an 
influential and important factor in river geomorphological processes(Cleo,1985) 
 .especially with regard to the water and sediments of rivers ,.المصدر عبد الحميد كليو
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Source: Sentinel-2 2020. 

Map (2) The bends and twists of the river. 

1.Al-Hindiya dam 

This dam has a role in sequestering large quantities of water behind the dam, which 
leads to a reduction in the water velocity in the study area. The continuation of this 
process due to the low levels of water increases the geomorphological processes, so 
river islands are formed (Al-Dulaimi, 2018). 

This significantly affected the longitudinal and transverse sector of the Euphrates 
River in the study area. The cross-section of the river’s course behind the Hindiya 
dam became much narrower than its cross section extending in front of Al-Hindiya 
dam(field study) 

Al-Hindiya Dam raises the levels more than 7 m, with an impact that reaches 47 km 
in front of the dam, which makes the network of the Great Musayyab project take its 
waters directly (Ministry of Water Resources). But, the rise of the levels negatively 
affected the waterlogging of the bank of the river and the damage of palm trees and 
their death or stunted appearance, as well as falling into the course of the river, 
which eases the collapse of the bank of the river and increases the amount of 
sediment reaching the course of the river. 

2.Rivers artificial Embankments 

Man built artificial Embankments on the banks of rivers to ward off the dangers of 
flooding, limit the river's activity within its course, and not allow it to disperse its 
activity across the flood plain. 
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The establishment of artificial Embankments dates back to the middle of the last 
century. Parts of them were covered, especially in the parts located near urban 
gatherings, at a distance of 500 m. Their distances from the stream ranged between 
5-10 m, but cladding became less useful than before because it became higher than 
the water level. The current bases of some of the cladding may appear because they 
were established on the considerations of previous flood levels, which exposes them 
to erosion under the cladding. It helps reduce erosion processes and confine river 
water and fragments within the river course, which are deposited when the peak of 
the flood falls, which helps to form barriers and river islands (Field study) 

3. Fishing boats 

Water boats cause water currents to rise and direct waves towards the banks and its 
height decreases as it moves away from the source and hits the banks and rises for 
a distance of 25-50 cm or more on the cliff of the river as in graph (1). It varies 
according to the horsepower of the boat ranging from 10-110 horses and according 
to its proximity from the bank. There are also various human activities such as 
swimming and others. These activities create currents that generate shear pressure 
on the banks when they strike them. The wave moves up the bank and when it 
descends, it washes away the disintegration of sediments, which leads to an 
increase in the sediments of the riverbed (Field study) 

 

Source: field study on 4/2/2021. 

Graph (1) The banks of the river. 

Section two 

The morphometric analysis of the river islands 

The morphometric analysis of the river islands was conducted by processing satellite 
United States Geological Survey  
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https://earthexplorer.usgs.gov/ visuals using the program ArcGIS10.8.1 using the 
formula as follows هنا مصدر للمعادلة وهذا هو المصدر: 

Khalid Wadeea, Hussein Sabah Jaber, Assessment of flood hazard areas and its 
management using Remote Sensing and GIS Techniques: A Case Study of Tigris 
River - Salah AlDin Governorate, Iraq, IOP Conference Series: Materials Science 
and Engineering. Vol. 1105. No. 1. IOP Publishing, 2021, p 4. 

     
                             

                             
 

By deriving the NDWI (Normalized difference water index) index, the produced 
images show the output value. The resulting NDWI image values varied between -1 
and 1, 0, which indicates land, river islands. 1 indicates water(Sun ibt 2018)Through 
this, the results appeared as in map (3) and tables (1 and 2). 

First;Islands types 

River islands are divided into several types according to their distance from the river, 
the season of their appearance, and their vegetation coverage. They were numbered 
from the entry into the river, the study area, as shown in Map (3) and Table (1). 

 

1. Permanent islands 

These are islands surrounded by water on all sides throughout the year, separated 
from the neighboring by flood plain, which are permanently flowing. They are 6 
islands with 30% of the total islands as in Island 3, Graph (2). 

2. Seasonal islands 

These are the islands that appear in the dry season (summer) and disappear in the 
season of high river water levels (winter and spring). They often undergo significant 
changes in their morphology due to the high river water level. These islands are 
characterized by their modernity, small size, height, and low level. Some natural 
plants such as weeds appear. There are 5 islands, 14% of the total islands as in 
Island 28, Graph (2). 
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Source: Sentinel-2 2020. 

Map 3 The river islands. 

 

Table (1) Types of river islands. 

Name Name Name Name Name Name 

1 Permanent 14 Confluent 27 Confluent 

2 Confluent 15 Confluent 28 Confluent 

3 Confluent 16 Confluent 29 Seasonal 

4 Permanent 17 Confluent 30 Seasonal 

5 Confluent 18 Confluent 31 Seasonal 

6 Confluent 19 Permanent 32 Confluent 

7 Confluent 20 Confluent 33 Confluent 

8 Seasonal 21 Permanent 34 Permanent 

9 Confluent 22 Confluent 35 Confluent 

10 Confluent 23 Confluent 36 Confluent 

11 Permanent 24 Confluent 37 Confluent 

12 Seasonal 25 Confluent   

13 Confluent 26 Confluent   

Source: Map (3). 
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3. Confluent islands 

Islands that are formed as a result of increased sedimentation within the island 
branch, which leads to its confluence with the nearest bank of the river. With 
continuous sedimentation, it is difficult to distinguish it from the river banks. The 
number of confluent islands is 26, representing 70% of the total islands, island 21, 
Graph (3). 

 

Source: field study on 4/2/2021. 

Graph  (2) Types of river islands. 

Second; The area of the islands 

The area of the river islands shows the extent of the sediments that are located 
within the course of the river. The total area of the river islands within the study area 
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was about 7.723 km2 as in Table (2), with a percentage of 71.281% of the total area 
of the river course within the study area, with an average area of 0.208%the islands. 
The largest area of an island is island (16) with an area of 2.623 km2 and the 
smallest island is island (30) with an area of 0.0005 km2. 

Third; Dimensions of the river islands (length and width) 

The dimensions of the river islands (length and width) were extracted using the 
Minimum Bounding Geometry tool in ArcGIS 10.8.1. 

(Arc Toolbox → Data Management Tools → Features → Minimum Bounding 
Geometry) 

 

Source: ArcGIS 10.8.1. 

Graph (3) The method of extracting the dimensions of the river islands (length and 
width). 

By analyzing the results shown in Table (2), the total of the longest islands is 50426 
m, and the average length is 1362 m. They differ in length. The islands are 9847 m, 
with an average width of 266 m. They also differed in width. The widest island was 
(16) with a width of 1640 m, and the least wide island was (30) with a width of 14 m. 

The reason for this difference in dimensions is due to its morphological 
characteristics. Its dimensions vary from time to time according to the activity of 
sculpting and sedimentation processes determined by the characteristics of the 
water year and its changes. 
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Fourth; Shapes of the river islands 

The island's shapes change from time to time depending on the factors affecting 
them. They take different shapes, striped and semi-circular shapes. To find out the 
shapes of the islands, the equation of the rotation ratio (Habeeb,2020) was applied:| 
Here is the source of the rotation ratio = maximum width x 100 / maximum length, if 
the result is less than (15)%, the island is striped, and if it is (15-26%) then the island 
is longitudinal, and if it is (26-30)%, then the island is arcs, and if it is (30-45%) then 
the island is irregular in shape, and if (46-59%) then the island is round, but if the 
result is (60-90%), then the island is semi-regular, see 

With this ratio,the following results appeared as shown in Table (2); 

From the analysis of the data in Table (2), it is clear that there are 15 striped islands, 
which constitute the most numerous islands, including island (19) Graph (4). These 
islands are very long and very small in width. There are 14 longitudinal islands that 
are moderate in length and width, including island (21) Graph (4). It is clear that 
there are two arc islands that are on one side of the river and take a straight line 
from it. The other side is in the form of an arc, and their composition and existence 
usually correspond to the bends and turns of the river. Because of the difference 
between the dimensions of the island, there were 4 islands, including island (4) 
Graph (4), and one round island appeared in the study area, island (17) Graph (4). 
The length is clearly less while the width increases. One semi-island was found. It 
takes a shape that is closer to regular shapes such as a rhombus. 

Table (2) Morphometric analysis of river islands. 

Na
me 

Are
a 
km 

Lengt
h/m 

Width/
m 

Rotatio
n% 

Shap
e 

Na
me 

Ar
ea 
km 

Length
/m 

Width/
m 

Rot
atio
n% 

Shape 

1 
0.0
15 

373 65 17 
Longi
tudin
al 

20 
0.1
62 

1755 472 27 Arch 

2 
0.0
11 

539 85 16 
Longi
tudin
al 

21 
0.1
83 

1440 230 16 
Longitu
dinal 

3 0.0
5 

1164 97 8 Strip 22 
0.0
76 

1318 154 12 Strip 

4 0.4
94 

1710 597 35 
Irregu
lar 

23 
0.2
98 

2692 236 9 Strip 

5 0.0
97 

1724 519 30 
Irregu
lar 

24 
0.0
79 

1711 133 8 Strip 

6 
0.1
07 

945 233 25 
Longi
tudin
al 

25 
0.4
87 

3875 243 6 Strip 
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7 
0.1
99 
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al 

26 
0.1
24 
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8 0.0
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al 

27 
0.1
57 
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9 0.0
9 

1394 
27
3 

20 
Longitudin
al 

28 
0.0
14 
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10 0.0
21 

851 88 10 Strip 29 
0.0
11 

271 64 24 
Longitu
dinal 

11 
0.1
95 
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24 
Longitudin
al 
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5 
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12 
0.0
01 

79 25 32 Irregular 31 
0.0
00
6 

49 18 37 
Irregul
ar 

13 0.2
54 

2414 
49
0 

20 
Longitudin
al 

32 
0.0
13 

1025 140 14 Strip 

14 0.1
7 

1370 
26
3 

19 
Longitudin
al 

33 
0.0
46 

1046 105 10 Strip 

15 0.2
5 

2083 
20
7 

10 Strip 34 
0.0
28 

428 90 21 
Longitu
dinal 

16 2.6
23 

2672 
16
40 

61 
Semi-
regular 

35 
0.5
66 

3267 809 25 
Longitu
dinal 

17 
0.5 1261 

64
8 

51 Round 36 
0.0
41 

1430 64 4 Strip 

18 0.2
68 

2769 
41
2 

15 Strip 37 
0.0
12 

612 75 12 Strip 

19 0.0
5 

766 
11
0 

14 Strip 
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al 

7.7
23 

50426 9847   
 

Source: Map (3). 
 

Fifth; The rate of concentration of the river islands(Yas,2014)reflux rate = total reflux 
lengths / main stream length. The lengths of the fused islets were excluded from the 
total of the longest islets used in the reflux index and bifurcation index scales 
because they are not within the stream, but become part of the banks. Look: 

The rate of concentration of river islands in the stream can be extracted for the 
purpose of determining the concentration of the islands per kilometer of the stream 
within the study area. This is done by measuring the rate of concentration or density 
of the islands, which is one of the morphometric aspects of the river islands 
designated for this purpose. The concentration of the islands within the stream 
reached 0.14, meaning that they are concentrated by 14 m per kilometer of the 
riverbed. 
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Sixth;Length of the main stream, see: bifurcation index = sum of the longest river 
islands within the stream.(Habib,2014 

It is the division of the river into two or more parts, due to the surface characteristics 
of the island, the high density and sedimentary areas, as well as the sandbars 
caused by the poor flow of water. The effect of these barriers is that the sediment 
from the bottom to the surface leads to the division of the main channel into many 
sub-channels. This equation was applied in the study area. It was found that the 
bifurcation index is 0.27. This result indicates that the Euphrates River within the 
study area is a non-existent river. The lack of bifurcation of the river in the study area 
is due to its entry into the aging phase in which it works to build islands and turns are 
concentrated. 

 

Source: Aerial image of the study area using Ultimate Maps Downloader v3.0.1. 

Graph (4) Shapes of the river islands within the study area. 

 

Conclusions 

1. The region is generally equatorial, being part of the sedimentary period. It slowly 
descends from northwest to southeast, approximately 1 cm per 10 km. 

2. The lack of rainfall and high temperatures caused a large water deficit and made 
the river drainage characterized by seasonal and annual fluctuations, which helps to 
reduce energy in rivers and encourages sedimentation processes. Through the 
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continuous sedimentation and growth of vegetation coverage in the river islands, 
these islands become more like traps to capture and create islands, thus increasing 
the size of the islands. 

3. The characteristics of the cross-section of the Euphrates River varied in the study 
area with the change of place and time. In some areas of the study, the tyranny of 
the river islands was found at the expense of the cross-section, especially the 
confluent islands with their irregular shapes due to the variation of the sculpting and 
sedimentation processes. 

4. Man is an important geomorphological factor in the formation and emergence of 
river islands, through the establishment of facilities and projects on the course of the 
river, such as dams, barriers and bridges, and through fishing boats. 

5. The study area contained 37 islands, including permanent, seasonal, and 
confluent, with different types, areas, dimensions, and shapes according to the 
different conditions and characteristics of each part of the stream. 

6. The Euphrates River in the study area did not reach the degree of bifurcation 
despite the increase in the concentration of the river islands to 14 m per kilometer of 
the course, which made the degree of bifurcation 0.27. 
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