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Abstract:  The Tigris River passes throw Baghdad City, from the north entrance to the confluence with Diala River in the south, 

dividing it into two main parts namely: Al-Risafa in the eastern side of the city, and Al-karkh in the western side with about 49 km long. 

Tigris Riverbanks, like most Rivers in the world, changes its path according to the changes in the river characteristics. The Tigris River 

has the largest meandering in Baghdad, Al-Jadriyah. So, the Riverbanks are usually exposed to erosion in the Concave (Dora) side and 

deposition in the convex side adjacent to the Baghdad University Camp (BUC). The study area locates in the central part of Baghdad 

City, and lies between Lat. (33 ̊ 17′ 3.79″-33 ̊ 15′ 27.16″) N , Long. (44 ̊ 21′ 20.27″- 44 ̊ 24′3.73″) E. The available data consist of, a 

Controlled Mosaic Aerial Photograph (dated/1962), and WorldView-1 pan satellite image/2013 were obtained from the Iraqi “State 

Organization on Survey”. The aim of this study is to determine and measuring the magnitude of erosion and deposition happened to the 

Tigris Riverbanks for the period extended between the (1962 – 2013). For this purpose, a proposed Geometrical Method with GIS 

Graphic Tools was implemented. The cross-sections are taken for each 250 meters to measure these magnitudes. The results show that, 

the maximum values for both, (erosion and deposition) were 63 m and 352 m respectively.  
 

Keywords: RS, GIS, Worldview-1 Pan Satellite Image /2013, Mosaic Aerial Photo, 1962, Tigris Riverbanks, Change Detection, and 

Geometrical Method 

 

1. Introduction 
 

Most of rivers in the Youthful stage or in the Mature stage, 

subject to changes in their riverbanks especially in the 

meandering part. These rivers usually subject to daily, 

monthly, annual, or longer period to change according to the 

characteristics of those rivers. Some of changes are possible 

to be visually sensed, and the others are impossible to be 

sensed unless using suitable calculation methods. One of the 

most changeable targets on the earth surface is the river. The 

changes in the Tigris Riverbanks, as a longitudinal target, 

could be monitored by taking cross-sections to the river 

course for a specified interval. This interval value depends 

upon the purpose of which the cross-sections are build. So, 

in this study the interval was 250m. The proposed 

geometrical method is highly depends on the river cross-

sections to measure the magnitudes of erosion and 

deposition. More details about rivers, change detection, and 

the cross-sections are illustrated below. The rest of this 

paper is organized as follows: The next section, includes the 

location and the extent of the study area. Section Three, 

gives a Scientific Overview about rivers, change 

detection, and cross-sections for a river. Section Four, 

deals with the materials and the Geometrical Method that 

used to detect changes in the Tigris riverbanks. Section Five 

refers to the Results and Discussion. Sections, six and 

seven, refer to Acknowledgements and References 

respectively. 

 

2. Area of Study    
 

The Baghdad University camp is situated in the central part 

of Baghdad City, between Al-Jadriyah Bridge and the 

Doubled-storey Bridge, and lies between Lat. (33 ̊ 17′ 3.79″-

33 ̊ 15 ′ 27.16″) N, Long. ( 44 ̊ 21 ′ 20.27″- 44 ̊ 24 ′3.73″) E, 

started from nearby of Al-Jadriyah Bridge about 60m and 

continued to a distance of 5.250 Km which represents the 

end of the university camp. From the geomorphologic 

perspective, Baghdad earth surface is mostly homogeneous 

and it is specified as a plain, and has elevations ranged 

between 33 to 36 meters above Mean Sea Level (MSL), the 

Figure-1, (a, b, & c), shows the Iraqi map including the 

location of Baghdad City (the Capital of Iraq) and the 

location of the study area. 
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Figure 1: a, b, & c- Shows the Location of the Study Area 

 

The study area is a region that has the dimensions, 4.21 km 

length and 3 km width, and has an area of 12.63 km
2
. It 

represents the Baghdad University Camp and its adjacent 

area. The University Camp bounds the Tigris River about 

4.655 km. Finally, the Dora side is the opposite riverbank, it 

is mostly consists of residential and agricultural areas. 

 

3. Scientific Overview  
 

3.1 The Rivers 

 

It seems that there is no unique definition for the generic 

term "river" because many definitions are found in the 

literature of Hydrology. But generally, Rivers are part of the 

hydrological cycle and considered as natural flowing 

watercourse laying between the upstream (Source) and 

downstream (mouth), usually freshwater, flowing towards 

lake, sea, ocean, or another river. Water generally collects in 

a river from precipitation through a drainage basin from 

surface runoff and other sources such as groundwater 

recharge, springs, and the release of stored water in natural 

ice and snow. Potamology is the scientific study of rivers 

while limnology is the study of inland waters in general. 

Small rivers have different names such as stream, creek, 

brook, rivulet, and rill. River's characteristics vary between 

its upper and lower course, so there are a high relationship 

between the channel slope, depth, and its width. These three 

characteristics are a function of discharge in the river 

system. Generally, rivers are characterized in three main 

types according to the Davis's river “ages” criteria, namely: 

1) Youthful River:  A river with a steep gradient that has 

very few tributaries and flows quickly. Its channels erode 

deeper rather than wider.   

2) Mature River: A river with a gradient that is less steep 

than those of youthful rivers and flows more slowly. A 

mature river is fed by many tributaries and has more 

discharge than a youthful river. Its channels erode wider 

rather than deeper.  

3) Old River: A river with a low gradient and low erosive 

energy. Old rivers are characterized by flood plains. 

Examples are the Tigris, Euphrates, [1].   

 

3.2 Change Detection Process   

 

Change detection refers to the process of identifying 

differences in the state of Earth’s surface features by 

observing them at different times. Changes can usually be 

determined from satellite images that are acquiside at 

different times for the same area. There are a variety of 

change detection techniques that have been developed. But it 

seems that there is no universally optimal change detection 

technique. The choice of any change detection technique is 

dependent upon the application, the type of dataset used, and 

the efficiency of the operator as well as the objective of 

change detection process, [2].  

 

3.3 River Cross-Sections  

 

Generally, cross-section is an imaginary line results from the 

intersection between a vertical plane and a surface to show 

the slopes in the perpendicular direction to the center line of 

that surface. The cross-section of a river can be determined 
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by measuring the distances of many sequent points with 

regular (or irregular) intervals and their depths that locate 

along, and normal to, the center line of the river starting 

from the left riverbank to the right riverbank, as shown in 

Figure-2, using a total station or any other device. These 

measurements can be used to create a graph as a visual 

representation in the XZ plane. The graph could be obtained 

by joining the plotted points of what the river cross-section 

looks like as shown in Figure-3. Cross-sections in the past 

were taken to the left and right of the center-line using hand 

tools, tape and surveying range pole. Today, it is possible to 

use modern methods likes GPS data, laser range-finders, 

echo sounders, or digital terrain models (DTM) to produce 

cross-sections for grade designing, [3].   

 

The information compiled from multiple river cross-sections 

can be used to find the area of the cross-sections, wetted 

perimeter, hydraulic radius, discharge and other hydraulic 

requirements to make decision of the site suitability. The 

measurement of the discharge of a river means the 

measurement of the volume of water passing a given cross-

section per second as shown in Figure 3.  

 

 
Figure 2: Shows The Horizontal Plan of River Cross-

Sections 
 

In ordinary hydrographic surveying, sounding means 

determining the depth of the water at various points in the 

waters that adjoining the land in rivers, lakes, or seas. These 

depths are used for plotting charts for planning under-water 

works, or determining volumes of discharge, hydraulic 

radius, used to find the cross-sectional area and wetted 

perimeter of the river etc.  Most sounding is now done by 

sonic methods, which consist in measuring the time taken 

for a sound impulse to be transmitted to the bottom of the 

river, lake, or sea, [4].  

 

Most of projects, before the designing and construction 

stages, need necessary data from the site like as-built map, 

contour map, cross-sections, etc.  This study focuses on the 

Cross-sections, so that the aims of which are: 

1) To investigate the shape and morphology of a river.  

2) To compare straight and meandering sections of the same 

river  

3) To investigate discharge and velocity and the factors 

which influence it, both across the channel and along its 

length.  

4) To investigate changes in channel morphology along the 

length of the river.  

5) To compare rivers in different locations, [5].  

 

 
Figure 3: The River in 3D with its Cross-Section and 

discharge Calculation, (Source: Internet-Modified) 

 

4. Materials and Methodology 
 

The material and working methodology can be summarize as 

the following; 

 

4.1 Materials 

 

Materials consist of two basic components, datasets and 

software, as described below: 

 

4.1.1 Datasets 

1) A rare original controlled Mosaic Aerial Photograph 

(MAP) exposure at 1962. The source of this mosaic is the 

State Organization on Survey (SOS) - Baghdad, Iraq. The 

lack of space data before the last 50 years led to select the 

appropriate alternative by reference to the old aerial 

photographs. So, the accuracy of the aerial photograph 

(spatial resolution) is still higher than the current very high 

resolution satellite images. Knowing that the oldest satellite 

image that could be obtained is Landsat MSS (MSS data are 

available after 1972), which has low resolution (90 meters) 

and is not suitable for good change detection. Table (1) 

shows the Coordinates of the Upper Left Corner (ULX) and 

the Lower Right Corner (LRX) in pixels, and other details of 

the controlled MAP, while Figure (4) shows the photograph 

itself. 

 

Table 1: The Information of Mosaic Aerial Photograph, 1962 

 
 
Figure 4, shows the rare Original Controlled Mosaic Aerial 

Photograph. This photograph had been exposure in April, 

1962. As Seemed from the figure, the University Camp was 

still not built.  
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Figure 4: Illustrate the Original Controlled Mosaic Aerial 

Photograph, 1962, (Source, SOS) 

 

2) WorldView-1 (WV_1) is one of the very high resolution 

satellite images. This sensor has only panchromatic (pan) 

mode with a maximum spatial resolution of 0.5m., 

WorldView-1 Pan Satellite Image (PSI)/2013 is obtained 

from SOS. Table 2, shows the Image Extent [UTM 

Coordinates of the Upper Left Corner (ULX) and the Lower 

Right Corner (LRX)] and other details, while Figure 5, 

shows the WorldView-1 pan satellite image 2013 itself. 

 

Table 2: The Extent of The WorldView-1 Pan Very High Resolution Satellite Images, 2013 

 
 

4.1.2 Software 

Many software packages such as ERDAS v. 8.4, ArcGIS v. 

10.4.1 are used to construct and process the basic database. 

These software are very useful for changes detection 

calculations. 

 
Figure 5: The WorldView-1 Pan satellite image, 2013, 

(Source, SOS) 

 

4.2 Methodology 

 

In this research, the  proposed Geometrical method will be 

used to obtain the magnitudes of shifting that happened to 

the Tigris Riverbanks for the period from (1962 – 2013). 

Figures (6) shows the flowchart of this method and the main 

steps to be performed. The following articles summarize 

each step of this method. 

 
Figure 6: A Flowchart Showing The Procedure of The 

Proposed Geometrical Method, (Designed) 

 

 

Paper ID: ART20177033 DOI: 10.21275/ART20177033 87 

www.ijsr.net
http://creativecommons.org/licenses/by/4.0/


International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 10, October 2017 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

4.2.1 Georeferencing 

The Mosaic Aerial Photograph, 1962 is georeferenced onto 

the WorldView_1 Panchromatic, 2013 (WV_1, Pan) satellite 

image using image-to-image 1
st
 order polynomial (Affine) 

georeferencing transform. Four points selected in the Mosaic 

Aerial Photograph considered as reference points appear in 

the satellite image were used for georeferencing. Nearest 

neighbor resampling method and a pixel size of 0.5mx0.5m 

are used. Root Mean Square Error (RMSE) of the 

georeferencing process was 7 pixels due to the difficulty of 

selecting sharp features in the mosaic aerial photograph. 

Table 3, shows the results of the georeferencing process, 

where, figure 7, shows the Georeferenced Mosaic Aerial 

Photograph, 1962. In the other hand, Table 4, shows the 

Information of the Georeferenced Mosaic Aerial 

Photograph, 1962. 

 

Table 3: The Results of The Georeferencing Process 

 
 

 
Figure 7: The Mosaic Aerial Photograph, 1962: The original (left) and the Georeferenced (right)  

 

Table 4: Shows the Information of the Georeferenced Mosaic Aerial Photograph, 1962 

 
 

4.2.2. Image Subset  

Both, Georeferenced Mosaic Aerial Photograph, 1962 and 

WorldView_1 Pan Image, 2013, were subset with a suitable 

extent specified in the Table 5, below, figures, (8&9) show 

the subset of the above data. 

 

Table 5: The UTM Coordinates of Subset Extent (m) 

 

 
Figure 8: The Subset Georeferenced Mosaic Aerial 

Photograph, 1962 
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Figure 9: The Subset WorldView-1 Pan Satellite Image, 

2013 

 

4.2.3 Procedure of Change Detection Using Geometrical 

Method 

This method is used to detect changes in the Tigris 

Riverbanks within the study area. The Geometrical method 

needs to construct two layers, each layer represents the 

edges of the Tigris riverbanks. The first layer refers to the 

Georeferenced Mosaic Aerial Photograph (MAP), 1962 

named RiverBank_1962, while the second layer refers to the 

WorldView_1 Panchromatic Satellite. 

 

Image (PSI) acquired in 2013 named RiverBank_2013. 

These two layers are prepared by polyline option in GIS as 

shown in Figures (10, 11) and Figures (12, 13) respectively.  

 

The steps of the method: 

1) A loop was drown representing the Tigris 

Riverbanks_1962 using the polyline option one of the 

GIS Graphic Tools as shown in the Figures (10&11).  

2) Another loop was drown representing the Tigris 

Riverbanks_2013, also using the same polyline option, as 

shown in the Figures (12, &13). 

 

 
Figure 10: Drawing The Loop of Tigris Riverbanks on the 

Mosaic Aerial Photograph, 1962 

 
Figure 11: The Tigris Riverbanks Layer _1962 

 

 

 
Figure 12: Drawing the Loop of Tigris Riverbanks on the 

WorldView_1 Pan Satellite Image, 2013 
 

 
Figures 13: The Tigris Riverbanks Layer, 2013 

 

3) To determine the movement of the Tigris Riverbanks 

between the years 1962 and 2013, a difference map should 

be prepared. Firstly, the Riverbanks layers_1962 and 2013 

(as shown in the Figures, 11 and 13) are viewed 

simultaneously in a new layer as shown in the Figure (14). 

Secondly, the new layer is manually categorized to 

determine the areas of deposition and erosion as viewed in 

the Figure (15) which shows the final difference map and its 

Categories. The white area between the two categories 

represents the overlapped area between the two input 

datasets. 
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To apply Features Category in the legend of the difference 

map, follow the path below: 

(From the table of content Selected Layer/ from the main 

menu select Insert/ choose layer (or layers) to include 

legend/ Next/ set the legend properties/ Next/ Set legend 

frame (or put it default)/ Next/ set legend Items (or put it 

default)/ Next/ set legend spacing (or put it default)/ 

Finished. 

 

Visually, the area of deposition is larger than the area of 

erosion. The movement of the Tigris Riverbanks, the 

migration of the river, is visually obvious as the legend 

indicate. 

 

 
Figure 14: The Tigris Riverbanks Shifting Map between 

1962 and 2013 

 

 
Figure 15: The Final Difference Map of the Tigris 

Riverbanks between 1962 and 2013 

 

4) A reference Cross-sections of 250m were plotted on the 

Tigris Riverbanks layer_1962 along the center-line of the 

river to measure the magnitude of the deposition and erosion 

in each of these Cross-sections as shown in the Figure (16). 

The length of cross-sections are different from one to 

another according to the river width in the year 1962. These 

cross-sections are drown using the drawing tools in GIS and 

saved as a layer named “Line 3”.  

 

5) The layer “Line 3” is viewed on the Tigris Riverbanks 

layer_2013, see Figure (17), to determine and then to 

measure the magnitude and the direction of the Tigris 

riverbanks due to the reference cross-sections. The direction 

of the riverbanks is considered to the left or to the right of 

the center-line of the Tigris River. The left side of the river 

is adjacent to the Baghdad University Camp while the right 

side is adjacent to the Dora district. Visually, it is obvious 

that the displacement of the Tigris Riverbanks_2013 from 

those at 1962 was different quantitatively (the amount of the 

displacement) and qualitatively (deposition or erosion) as 

shown in the Figure (18). 

 

 
Figure 16: Shows the Cross-sections on the Tigris 

Riverbanks, 1962 

 

 
Figure 17: Shows the Cross-sections on the Tigris 

Riverbanks, 2013 

 

 
Figure 18: Shows the Reference Cross-sections on the 

Tigris Riverbanks_1962 and 2013 
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5. Results and Discussion 
 

5.1 Results 

 

5.1.1 Area Measurement 

 

5.1.1.1 Area of Deposition and Erosion 

To compute the areas of both deposition and erosion, follow 

the path below: 

(From the table of content, Selected Layer / from the tools 

bar select the “measure tool”/ choose “measure an area”/ 

compute the area by clicking the boundary of the required 

part / double click on the beginning point to end the 

measuring process).  

 

For this purpose, the Final Difference Map of the Tigris 

Riverbanks between 1962 and 2013 (see Figure 15), is used. 

So, all areas of the deposition and erosion are identified as 

indicated in the legend. Referring to the same Figure, the 

black area is deposition while the violet area is erosion. Each 

of these categories consists of many parts. The deposition 

parts were arranged in sequent starting from the upstream of 

the river, in the left side bank, clockwise direction and then 

to the right side. These parts are named D1, D2, D3, and D4, 

while the erosion parts are named E1, E2, E3, and E4 also 

arranged in the same system. The sequence of all parts 

became D1, E1, D2, E2, D3, E3, E4, and D4 as shown in the 

Figure (15). The results obtained are mentioned in the Table 

(6) as follows: 

 

Table 6: Shows the areas of the deposition and erosion in 

both sides of the Tigris River 

 
 

5.1.1.2 Area of the Tigris River 

The boundary of the Tigris River at the study area in the 

year 1962 is highly different from itself in the year 2013. It 

is necessary to measure its area in the years above and then 

many Conclusions can be obtained. The two river areas were 

measured for the two years mentioned above were as 

follows: 

Area of Tigris River_1962= 2,064,184 m
2
   ,    Area of 

Tigris River_2013= 1,578,869 m
2
. 

 

5.1.2 Displacement Measurement 

5.1.2.1 The variation of Tigris river width 

The Tigris river width is variable from cross-section to 

another. Every cross-section length was measured on both, 

the MAP/1962 and the Worldview-1, PSI/2013. The cross-

sections of the MAP/1962 are considered as a reference to 

the Worldview-1, PSI/2013 to determine the changes in the 

river widths. Table (7) shows the variations in the Tigris 

river widths for each cross-section on the two input images.  

 

Table 7: Shows the variations in the width of the Tigris River between 1962 and 2013 

 
 

5.1.2.2 The Displacement of Tigris riverbanks 

The reference cross-sections net of 250m are designed on 

the MAP/1962 and viewed on the WV-1 PSI/2013 as shown 

in the Figure (16). The benefit of this process is to determine 

and then to measure the displacement of the Tigris 

riverbanks on the WV-1, PSI/2013 as shown in the Figure 

(19). This figure shows a part of the study area. The brown 

color represents the deposition area while the blue color 

represents the erosion area. Using the measure tool in GIS, 

the length of the deposition and erosion along each cross-

section is measured.  
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Figure 19: Shows the Reference Cross-sections on the 

Tigris Riverbanks_1962 and 2013 

 

Table (8) records the displacement in every cross-section, 

for the deposition and the erosion as well as the river side, 

caused by the movement of the Tigris Riverbanks adjacent 

to the Baghdad University Camp in Al-Jadriyah between 

1962 and 2013.  

 

 

 

 

 

 

 

 

 

 

Table 8: The Tigris Riverbanks Displacement 

 
 
5.2 Discussion  

 

The Results in this study depends on two main elements. 

The first is the personal experience to prepare the required 

layers especially the opinion of the reference cross-sections 

net, and the second is how to use it to visually and 

computationally obtaining the reliable results.   

 

1) The area of deposition and the area of erosion are 

manually measured (return to 5.1.1). As expected from the 

difference map shown in Figure (15), the area of deposition 

is larger than the area of erosion as below.   

From Table (6):  Deposition Area (AD) = 656 102 m
2
,   

Erosion Area (AE) = 171 003 m
2
. 

 
 

2) The area of the Tigris River/1962 (as a loop not polygon) 

and the area of the Tigris River/2013, as mentioned in the 

paragraph numbered 5.1.1, was measured. The following 

results was obtained:  

Area of the Tigris River/1962 (A1)= 2,064,184 m
2
, Area 

of the Tigris River/2013 (A2)= 1,578,869 m
2
. 

The difference in area between the area of Tigris River/1962 

and the area of Tigris River/2013:  
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