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Abstract: Bangladesh is a riverine country. Every year the country faces many natural hazards due to natural dynamic behavior of these rivers. These 
dynamic actions trigger massive migration of banks, generate thousands of homeless families and enormous land losses each year. This study has 
analyzed the severity of erosion, deposition and bank shifting of the Padma River at Chapainawabgonj district. Remote Sensing (RS) and Geographic 
information Systems (GIS) techniques were applied for calculating the erosion, deposition and bank shifting. Only secondary data has been applied for 
obtaining the research goal. Various computer software such as Erdas Imagine, ArcGIS, Google Earth etc. have been applied to examine raw data. 
Seven Landsat TM images between 1987 and 2017 were used in this study. Padma's riverbank shifting patterns and changing land cover resulting from 
30 years of erosion/deposition processes have been observed. These rates of shifting of rivers are based on the difference between 1987 to 1992, 1992 
to 1997, 1997 to 2001, 2001 to 2007, 2007 to 2011 and 2011 to 2017. The average rates of erosion and deposition are 566.715 hectares/year and 
557.451 hectares/year respectively. This study shows that the river bank line shifted significantly between 1987 and 2017 and this triggered massive 
bank erosion and deposition. 
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1 INTRODUCTION 
 A waterway flows from upstream to downstream across the 
landscape and is an important part of the water cycle. By 
rainfall, surface runoff, groundwater flow and release of huge 
amounts of water which is stored in natural glacier reservoirs 
can feed the rivers. But the natural hazards, such as bank 
erosion, flooding and lateral change also occur with these 
rivers[1]. The rivers have been an important part of 
Bangladesh's history and culture. Rivers are extremely 
environmentally sensitive[2, 3], and Alluvial channels can 
reactivate or respond to varying levels caused by water, 
sedimentation, tectonic activity and human activity on a variety 
of time and time scales [4]. ―Any natural or anthropogenic 
changes can lead to a deviation from a state of dynamic 
balance‖ [5, 6]. In addition, this can cause channel instability, 
leading to channel and pattern changes [7, 8]. The rivers have 
changed their courses often and therefore there is no 
physically permanent map of bank lines [9-11].  

The hydraulic and deltaic floodplains of Bangladesh are 
unique in this country which are developed  by the 
accumulation of the Padma, Meghna and Jamuna river [12]. 
These river formations and its dynamics over time have been 
an interesting subject of study in geomorphology [13]. 

―Bangladesh is intersected by more than 600 rivers‖, which 
makes this country’s fertile land [14]. Among them, 
Bangladesh's large and wide rivers are the study in 
geomorphology [13]. Padma, the Meghna, and the Jamuna. 
These 3 major rivers, their distributaries which control their 
hydrological and fluvio-morphological behaviors. In fact, rivers 
vary from each other in their physical characteristics and the 
structure of the channels. The Padma River plays an important 
role in changing morphological behaviors than any other river 
[15]. The river's dynamic function of the river causes erosion of 
riverbanks in Bangladesh that causes immense suffering every 
year to thousands of homeless and landless people [16, 17]. 

―The Ganges river system is one of the largest river systems in 
the world and covers an area of 1.09 million kilometers‖, 
Originating on the Himalayan Gangotri Glacier. In its 2526-
kilometer-long journey through China, Nepal, India and 
Bangladesh to reach the confluence with the Meghna, making 
it a famous international river. India's largest share of the 
entire catchment (79.1%) is, however, just 4.3% (equivalent to 
32% of that country's area) is located in Bangladesh [18]. 
Bank erosion is a regulated process which is mostly controlled 
by river-dynamic. More than 230 rivers including Padma flow 
into the Bay of Bengal through Bangladesh, which drains 2.4 
billion tons of sediment. This influences most of the country 
[19, 20]. Riverbank erosion normally occurs on the edges of 
flanked meandering channels and the erosion rate depends 
largely on the characteristics and bank materials of rivers [10, 
21]. 

Bangladesh is potentially the world's most vulnerable to 
flooding, and some scholars claim that it is the world's most 
prone to disasters [22]. The Padma is one of Bangladesh's 
three largest rivers and one of the longest rivers in the sub-
continent. Two hundred and fifty million people of India and 
Nepal live in its catchment area. More than 20 million people 
of Bangladesh also live in the catchment area of this river[23].  

The Remote Sensing technique is useful to examine river 
channel vibrations across a wide range. While it has been 
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commonly used to track the movement of river channels 
[24]and Identify paleo-enlarged terrace surface channels. 
―Several studies examined fundamental shift of channels using 
geospatial methods, such as overlaying a series of historical 
channel maps‖ [25, 26]. For the monitoring of river channel 
changes, anthropogenic shifts and trends of land use related 
activities in Bangladesh the remote sensing data is used [27, 
28]. Satellite images indicate that the rivers consume 
approximately 6,700 hectares of arable land annually. The 
event affects around 8,00,000 people [29]. 

Bank erosion and morphological actions of the Padma River, 
such as the Brahmaputra, the Jamuna and other major rivers 
in Bangladesh, were not studied at an acceptable scale. In 
particular, no study assessed the extreme erosion, deposition 
and rapid bankline movement of the river Padma at 
Chapainawabgonj at micro-level. A particular emphasis of this 
research was on investigating morphological dynamics as well 
as the effects of erosion and deposition in the study area. 
 

2 MATERIALS AND METHODS 
The study area Chapainawabganj is located on the north-
western part of Bangladesh. It is a part of the Rajshahi 
division. It is situated between the latitude 24'22 to 24'57 and 
longitude 87'23 to 88'23.  

The analytical research method is adopted in this study 
because this research tries to find out the trend of bank 
erosion, deposition and river shifting of Padma River in 
Chapainawabgonj district. Major reasons behind the selection 
of Chapainawabgonj district as study area are- No study has 
assessed in this area; This district is on the bank of the Padma 
River; Shifting and Meandering in this area is very rapid and 
lastly most parts are eroded and deposited recently. At first the 

necessary data were mainly collected from satellite image 
analysis to complete this research work. Such satellite images 
were taken from the United States Geological Survey 
(earthexplorer.usgs.gov) website and from other maps from  

LGED and Banglapedia. To analyze 30 years river bank 
shifting; erosion and deposition 7 satellite images of 1987, 
1992, 1997, 2001, 2007, 2011, and 2017 have been collected. 
The time intervals are not the same because of maintaining 
the similarity (i.e., quality; cloud coverage) between the 
images. ArcGIS 10.5 is used to visualize; correction 
(Geometric Correction; Radiometric Correction; Atmospheric 
Correction); Sub setting layer; and Study area’s image 
preparation of Landsat images. Then Erdas Imagine 2015 is 
used for Unsupervised classification. The images are divided 
into two large categories, namely water and land. After that the 
classified image is transferred into ArcGIS 10.5 to attempt a 
reclassify process. Then 13 locations for investigating the 
migration of river channels are identified. These 13 locations 
are identified depending on where the highest rate of erosions 
occurred. And finally, ArcGIS' standard measurement tool is 
used to assess the migration of river channels on the basis of 
two consecutive years, i.e., 1987 to 1992; 1992 to 1997; 1997 
to 2001; 2001 to 2007; 2007 to 2011; 2011 to2017 and lastly 
1987 to 2017. 

Table 1 described the details of the selected images. The 
Landsat 5 TM were taken to keep the spatial resolution and 
maximum band configuration similar among all images. Some 
essential articles from CEGIS library were accessed. Other 
secondary data sources include, Banglapedia, published 
works and various online sources. Software’s and Tools used 
to shape the work were—ArcGIS; Version: 10.5, Erdas 
Imagine 2015; ArcMap; Version: 10.5, Microsoft Office 2019: 
Word, Excel.

3 RESULT AND DISCUSSION 

3.1 River bank erosion trend in the study area 

Chapainawabgonj is the most vulnerable district to the river 
bank erosion in Padma river. From 1987 to 2017, a 30 years 
period the erosion was measured. There are seven satellite 
images taken to calculate the area of the eroded land. Six 
interval periods take place for measurement. The interval is 
1987-1992, 1992-1997, 1997-2001, 2001-2007, 2007-2011 & 
2011- 2017.  

In 1992-1997 it was found that the erosion rate was highest 
with 879.79 hectares/year, 4398.93-hectares land was eroded 
in this 5-year period. Erosion rate was also higher in the 2007-
2011 years period with 592.65 hectares/year, 2370.6-hectares 
land eroded in this 4-year period.  

In 1997-2001 time periods the average erosion rate decreased 
from 879.786 to 555.7725 hectares/year. In the time period of 
2001-2007 the erosion rate gradually decreased to 396.255 
hectares/year and 2007-2011 the erosion rate increased to 

592.65 hectares/year. In 2011-2017 the erosion rate was 
slightly decreased to 556.995 hectares/year from the past 4-
year time period of 2007-2011. Finally, the average erosion 
rate was 566.715 hectares/year with a total 17001.45-hectares 
of land eroded in this 30-year period. This high rate of erosion 
caused tremendous land loss. Table 2 describes the detailed 

Table 1. The details of 

selected images 

Table 2. Bank erosion in Padma River 
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result of river bank erosion assessment in this study area. 

3.2 River bank deposition trend in the study area 

Erosion and deposition are simultaneous processes of a river 
basin. In this 30-year period from 1987-2017 the deposition 
rate in Chapainawabgonj districts varied significantly.  

Highest deposition rate found in 1997-2001 period with 
1112.805 hectares/year, and total 4451.22-hectares land was 
increased in this frame. And the lowest deposition rate in 
1992-1997 and 2011-2017 with 364.968 hectares/year and 
367.11 hectares/year respectively. In the time period of 1987-
1992 the deposition rate was 609.246 hectares/year with the 
total 3046.23 hectares of deposited land. And in the period of 
2007-2011 the deposition rate was very close to 1987-1992 
which was 640.08 hectares/year. 

The average deposition rate was measured as 
557.45hectares/year through a total deposition of 16723.53-
hectares from 1987-2017 in this study area. The detailed result 
of river bank deposition is shown in Table 3.  

3.3 Land area of the study area 

The Chapainawabgonj land area has changed over time as a 
result of erosion and deposition of the active Padma river. The 
area of the land falls in the periods 1992–97 and 2001–2007 
and 2011–2017, due to the fact that it was above deposition 
level and the reverse cycle was accompanied by a rise in the 
area between 1987–92 and 1997–2001, and 2007–2001. The 
most destructive period was between 1992 and 1997 across 
six-time intervals; at that time 4398.93 hectares of land were 
lost. And in the period 1997-2001 the largest land deposition 
occurred; there was an increase of 4451,22 hectares of land. 
During the period from 1992 to 1997, the deposition rate was 
the lowest, with only 364.968 hectares increased. The 
specifics are presented in Table 4 and Table 5. The study 
region covered a total of 17001,45 hectares of land eroded 
between 1987 and 2017, with a cumulative deposit of 
16723,53 hectares. Over the 30-year period, total land loss 
was calculated to be 277.92 hectares with a rate of 9.264 
hectares per year.  

3.4 Riverbank shifting  

Most rivers complete their processes in the wet and sub-humid 
regions in three phases – young, mature and old. In the old 
period, during these three stages, the river flowed due to a 
gentle slope. This causes a side erosion and channel shift in 
the river valley. A common phenomenon is bank failure 
(separation and confinement of bank materials by fluvial, sub-
aerial and geotectonic processes in the forms of grains, 
aggregates or blocks) on the downstream of each channel 
[30]. Padma changes its direction quite frequently. In this 
analysis, the dynamic change of the Padma River was 
demonstrated over the past few years Fig 1.  

3.5 Shifting nature of Padma river channel 

The shifting nature of the Padma River in our study area is a 
typical fluvial geomorphic phenomenon that can occur 
anywhere on rivers. This shifting nature is like a pendulum 
which happens along the river's left and right bank. We 
consider here only one side of Padma river which is entered in 
our study area.  The maps of the year 1987,1992,1999, 
1997,2001, 2007, 2011 and 2017 of the Padma rivers were 
prepared here to show the changing nature of the channel.  

The river moved to the West during 1987 can be seen in Fig 2, 
a (1987-1992). The upper part of the river was wide at that 
time, and the downstream portion provided a broadened 
channel. The broadened part is to the east. In 1992, the upper 
section of the river moved from the north eastern part and 
flowed from the north to the south-eastern side. The river was 
isolated in the lower part and constructed in two sections in 
anastomosing pattern. Lower portions of major distributors 
moved to the west.  

The river's characteristics were broader than they were in 
1992 in 1997, according to Fig 2, b (1992-1997). And in the 
upper part the river was split into two waterways. The middle 
part has shifted east. The bottom segment was further 
expanded, while the two distributors shifted in two opposite 
ways. Thus, a large char was created in the middle of the river. 

The river has been broadened more than before, shown in Fig 
2, c (1997-2001). The top portion was broadened more than 

Table 5. Land 
area change by 
erosion and 
deposition 

Table 3. Land area of the study area 

Table 4. Bank deposition in Padma River 
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1997, but the channels become narrow. A major change was 
intended in the middle part of the channel. The river was split 
into the middle part and shifted north-west ward. The lower 
portion was in the same way as before and the char in 2001 
was disappeared.  

It is observed from Fig 2, d (2001-2007) that, in 2007 the river 
was flown in huge meandering by continuing the flow in a U 
shape curve line in upper and mid portion. The upper portion 
was narrower than before and there were two sub channels. In 
the middle portion three sub channels were created, and one 
flowed in the north-east and one flowed in the south-west ward 
with broadened characteristics. The lower portion was shifted 
in the north ward. 

From Fig 2, e (2007-2011) the river was flown in huge 
meandering by continuing the flow in a similar as 2007 shape 
curve line in upper and mid portion. The upper and mid portion 
were slightly narrower than before and there were three sub 
channels which flowed similar as previous with broadened 
characteristics. The lower portion was shifted in the north ward 
with a significant amount of length. 

It is observed from Fig 2, f (2011-2017) that a main channel 
formed as 1987 in upper and main portion but in lower portion 
has two equal sub channels and a large char formed in 
between the channels. In the lower portion an extensive char 
has formed in 2017. 

The course of the river has shifted significantly from Fig 2, g 
(1987 to 2017). The transformation took place in the entire 
channel. There are two channels in the river. The upper 
segment is much narrower than before with north-eastern 
shifts. In the north-east, the middle portion also shifted. The 
lower portion moved by a massive angle to the north and 
created a wide char. As before, the river has broadened 
characteristics. Although the river has been expanded, the 
general analysis shows that it continues to meander. This 

shows that the river is still not balanced and that potential 
bank erosion is predicted. 

Table 6 shows the net migration of Padma River (in meter) at 
13 different locations during various periods. Where N, S, E, 
W, NE, NW, SE, SW represent north, south, east, west, 
northeast, northwest, southeast, southwest.  

4 CONCLUSION 

Between 1987 and 2017, an average erosion rate was 
566.715 hectares/year and the deposition rate were 557.451 
hectares/year during this 30-year year. In the period 1987-
2017, a total area covering 17001.45 hectares was eroded 
and 16723.53 hectares was deposited in the study area. The 
highest erosion-rate 879.786 hectares/year occurred in the 
period 1992-1997 and the lowest was 396.255 hectares/year 
in 2001-2007.  The highest deposition rate was measured at 
1112.805 hectares/year. and the lowest was found at 364.968 
hectares/year in 1997-2001 and 1992-1997 periods 
respectively. In this 30-year period from 1987 to 2017, land 
loss was estimated at 9,264 hectares/year. In 1987, the 
Padma River was almost straight or small in curve, and in 
1992 the river was gradually broadened and highest in 2017. 
In 2001 the course was highly meandered. In this 30-year 
period compared to 1987 and 2017, the river went winding and 
enormous stretches in the middle and lower portion which 
shifted towards north-eastward in mid portion and lower 
portion shifted in northward, the upper portion remaining 
almost in the past course. The river moved several times 
between 1987 and 2017 and this triggered erosion and land 
deposition in this period. 
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Fig.1.  Position of the river in different year 
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Fig.2. Temporal change of Padma River Bank shifting, (a)1987–1992, (b) 1992–1997, (c) 1997–2001, (d) 2001–2007, (e) 
2007–2011, (f) 2011–2017, (g)1987–2017 
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