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Abstract
River planimetric morphological datasets were generated from multi-temporal satellite
images and were incorporated in a GIS framework to analyse the changes of the surface
morphology of the rivers belong to the JBM system. The study also depicted the possible
impacts of climate change on the principal rivers of the system. Landsat MSS images of the
year 1972 and Landsat TM images of the years 1989 and 2010 were used for the study. The
study revealed that the JBM river system was morphologically highly instable due to both
erosion and accretion during the study period. The instability was higher for the larger width
rivers than the smaller width rivers. Erosion was the dominant occurrence in the early
decades but dominancy of morphological changing process was shifted to accretion in the
later decades. The study revealed that the short term impact of climate change will primarily
be seen on the foreshore of the rivers and on the Char lands.

1. Introduction
Bangladesh has one of the largest and complex river network systems of the world. The
network contains large number of rivers (about 700) having total length of about 24,140 km
plus small capillaries. It has some very big rivers in length and width like the Jamuna, the
Padma and the Meghna. The river systems drain out about 2.4 billion tons of sediment into
the Bay of Bengal yearly (Abhijit Mitra and Sufia Zaman, 2016). The sediment mainly comes
in alone with the water of the trans-boundary rivers. Many of the rivers in the systems are
morphologically ever changing in nature and the network has been being changed with all
possible fashions (erosion, accretion, river bed siltation, channel migration etc.). The ultimate
sources of river water are precipitation over the multi-nation large catchment areas and snow
melting in the Himalayas. Because of the geo-hydro-climatic extents of the sources of water,
the natural changing patterns of the rivers in Bangladesh are highly vulnerable to be
modulated by driving phenomenon like Climate Change (CC). However, the current
understanding of climatic phenomenon does not allow a clear assessment of the impact of
climate change on water resources sectors (Shilong Piao et al., 2010; Charles J. Vörösmarty
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et al., 2000). Rivers in Bangladesh are very important in many aspects and the study of the
modulating effect of climate change is equally important for the betterment of the people.
However, such study primarily needs river morphology datasets in multi-temporal domain so
that the impact of climate change on river morphology can be devised. A number of works
was carried out to address different aspects of the rivers and the river systems of Bangladesh
(Shareful Hassan and A. F. M. Akhtaruzzaman, 2010; Biswajit N. et al., 2013; M. K. Hasan
and M. A. Mukto, 2000; Uddin, K. et al., 2011; J. B. Alam et al., 2007). The river systems in
Bangladesh are morphologically continuously changing and updated datasets on the river
morphology are very important to continue the types of study mentioned above. However, in
Bangladesh there is insufficient activity to generate and analyse the river morphology
datasets on a regular basis. This leaded to undertake the present study. The study established
solid technical foundation in this context.
2. Objectives and Study Area
The ultimate objective of the study is to build technical capacity in the country to generate
and analyse river morphology datasets in multi-temporal domain in order to establish
foundation for studying impacts of climate change in Bangladesh. The specific objectives are:
i.

To generate multi-temporal planimetric river morphology datasets of the JBM
river system.

ii.

To study planimetric morphological changes in the JBM river system.

iii.

To infer possible impacts of climate change in the JBM river system.

The study area is the part of the JBM river system that belongs to Bangladesh. Figure 1
shows the study area in the administrative map of Bangladesh. The JBM river system
comprises of two basins: the Jamuna-Brahmaputra basin and the Meghna basin. The study
area includes Sylhet division and part of Dhaka & Rajshahi divisions and covers an area of
approximately 74,100 km2 which is about 51 % of the total area of Bangladesh (Joint River
Commission Bangladesh, 2016).
3. Data Used
Satellite images available in the archive of Bangladesh Space Research and Remote Sensing
Organization (SPARRSO) were used to extract the river morphology datasets. Table 1
presents information on the satellite data used for the study. Rainfall data of all stations over
the study area was also used.
4. Methodology
The methodological steps used for the study are shown in figure 2. As mentioned in table 1,
multi-resolution and multi-temporal images were used for the study. Geographical
measurement errors introduced by such types of datasets have been elaborated by many
authors (Joji Iisaka et al., 1996; Eugenio, F et al., 2001). One source of the errors is the georeferencing of multi-resolution satellite images using conventional geo-referencing technique.
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In the present study error due to geo-referencing of multi-resolution satellite images was
reduced using High Resolution Feature Matching Techniques (A. Z. MD. Zahedul Islam et
al., 2017). RapidEye images were used as the high resolution images for application of the
technique. This technique renders the geo-referencing accuracy in sub-pixel level and is, thus,
very useful for generation of comparative datasets from multi-resolution images. This study
used the full extent of rivers (bank line to bank line) for multi-temporal comparison of the
river morphology. Bank line
extraction is geographically
erroneous
from
lower
resolution images as seen in
figure 3. To reduce this error to
acceptable level, the bank lines
were generated from the multiresolution and multi-temporal
images
based
on
the
combination of the High
Feature
Resolution
River
Surface
Morphology
(HFRRSM) data generation
technique and high-tide coast
line identification technique
(A. Z. MD. Zahedul Islam et
al., 2013). RapidEye images
complemented
by
aerial
photographs were used as the
high resolution images for
application of the technique.
The HFRRSM data generation
technique
allows
using
comparatively lower resolution
images for extraction of bank
lines of smaller width rivers
with acceptable accuracy.
Figure 1. The study area in the administrative
map of Bangladesh.

In this study three sets of river
morphology
data
were
generated: the first dataset
contained the rivers having width greater than 30 meters and the second dataset contained the
rivers having width in the range 30-50 meters. These datasets were generated using Landsat
TM images and were used for the comparison of river morphology for the duration of 19892010. The third dataset contained the rivers having width greater than 50 meter and was
generated using Landsat MSS images. This dataset were used for
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Table 1. Satellite data used for the
study.

comparison of the river morphology for the
duration of 1972-1989. For the other
methodological steps mentioned in figure 2,
standard digital image processing and GIS
techniques were used.

Year

Satellite
/sensor

Spatial
Resolution, m

2011

RapidEye

5

2010

Landsat TM

30

5.1 Datasets of the River Morphology

1989

Landsat TM

30

One success of the study was to generate the
multi-temporal (1972, 1989 and 2010) river
morphology datasets of the study area. Three
datasets were generated based on the average
width of the rivers: width > 50 meters, width > 30
meters and width between 30-50 meters. The
objective of generation of these three datasets was
to analyse the morphological changes of the
rivers based on river widths of different types.
Figure 4 shows an example of the multi-temporal
(1989, 2010) river morphology dataset in
composite form for the rivers having average
width greater than 30 m. The datasets were
produced in vector format. Each dataset was
attributed to render the identification of the
dataset based on administrative unit of
Bangladesh (up to Upazila). This attribution
helped to produce the analytical format of the
digital datasets which was useable for any
analytical purposes.

Landsat
MSS
* Resampled
1972

60*

Geo-referencing of satellite images

Mosaicing of satellite images and
extraction of the study area

Identification of the river bank
lines

On-screen digitization for
generation of river morphology
datasets

Generation of composite river
morphology datasets in GIS

GIS analysis of morphological
changes of rivers

5. Results

5.2 Morphological Change in the JBM River
System
5.2.1 Change of River Morphology

Analysis of the multi-temporal river morphology
dataset depicts that all the possible types of
Figure 2. Methodological steps used
changes occurred in the JBM river system during
for the study.
the study period. Figure 5 presents the patterns of
the changes. The changes are (a) erosion-accretion, (b) Alternater movement (c) channel
migration and (d) river filling-up. In some cases alternate erosion-accretion and vice versa
occurred which are shown as “Different changes” in figure 5. Statistical information on the
changes are given in tables 2 to 4. Table 2 presents the summary of the changes of the rivers
having width > 50 meters. This table depicts reverse situation of erosion and accretion for the
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(a)

(b)

Figure 3. Bank line extraction is geographically erroneous from lower resolution
images, (a) RapidEye image having 5 m resolution (b) Landsat TM image having
30 m resolution.
two durations. For the 1972-1989 duration erosion was the dominating phenomenon which is
seen reverse for the 1989-2010 duration. Planimetric morphological stability of the river
system is seen lower by about 5% in 1989-2010 than that in 1972-1989. Table 3 presents a
comparison of the changes based on river widths for 1989-2010. It is seen from this table that
the small width rivers were more stable than the large width rivers. Table 4 presents a

Figure 4. Multi-temporal river morphology dataset of the study area.
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comparison of the morphological changes occurred in the big rivers belong to the JBM river
system. The significant fact observed from table 4 is that while the Jamuna and the Padma
rivers were following the overall trend of erosion and accretion of the JBM river system
mentioned earlier, the Meghna river was following a different pattern of morphological
change; it was being dominantly eroded during the whole study period. The Meghna river
was morphologically more stable than the Jamuna and the Padma rivers. The stability pattern
of the Meghna over the study period was also different to that of the other two rivers. The
stability of the Meghna itself was better in 1989-2010 than that in 1972-1989 which is reverse
for the other two rivers.
5.2.2 Changes in the
Char Land Morphology

(a)

Char land is one of the
components of a river
system. Changes of the
morphology of Char land
River course
were studied for the three
major rivers: The Jamuna,
(c)
the Padma and the
Meghna. Figure 6 shows
the changing scenario of
the Char land in a part of
the Jamuna river near the
Jamuna Bridge. Table 5
presents the information
(d)
(b)
on the stability of the Char
Figure 5. Pattern of morphological changes in the JBM river system.
land. It is seen that about
one third of the Char land
was stable for both the study durations. However, the stability of the Char land was much less
when estimated over the whole study period. The area of the Char land in 1972 was 1,38,412
hectares. Area of the Char land was decreased in 1989 by 357 hectares comparing to that in
1972 and increased in 2010 by 44,879 hectares comparing to that in 1989. The number of
Table 2. Statistics on the morphological changes of the rivers having width > 50 m.
Erosion

Accretion

Stable

Years

Area,
hectare

% of the
total area

Area,
hectare

% of the
total area

Area,
hectare

% of the
total area

1972 - 1989

1,45,423

27.55

1,02,711

19.45

2,79,923

53.00

1989 - 2010

1,10,974

20.70

1,67,894

31.30

2,57,452

48.00
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Char land followed the same chronology as of the area: 314 in 1972, 296 in 1989 and 352 in
2010. However, the area per Char followed an increasing chronology: 441 in 1972, 466 in
1989 and 520 in 2010.
Table 3. Comparison of the morphological changes
of the rivers based on the width for 1989-2010.
Erosion

Accretion

5.3 Probable impact of climate
change on the JBM river
system

Stable

Climate change is a long term
% of the
% of the
% of the
phenomenon and visualization of its
total area
total area
total area
impacts involves analysis of long
term multi-temporal datasets. In
> 50 m
20.70
31.30
48.00
South Asia, the frequency of heavy
30m - 50m
12.78
22.27
64.95
precipitation events is increasing,
while light rain events are decreasing
(WGI AR5 Section 14.8.11 of IPCC
th
5 assessment report). Thus, high contrast of weather condition (rainfall, temperature etc.) is
one of the short term impacts of climate change and because of which, as an example, rainfall
may be concentrated within short time period causing water in the rivers to increase quickly
within a short duration. Therefore, for studying the impacts of climate change on the river
system both long term and event based short term river morphological data are needed.
River
Width

Table 4. Comparison of the morphological changes occurred in the big rivers belong to
the JBM river system.
Erosion, %

Accretion, %

Stable, %

Years
Jamuna Padma Meghna Jamuna Padma Meghna Jamuna Padma Meghna
1972 - 1989

28.69

30.02

13.34

16.00 17.86

10.21

55.31 52.12

76.45

1989 - 2010

20.25

19.96

12.87

31.89 35.33

8.61

47.85 44.71

78.51

5.3.1 Visualization of the impacts of CC using medium term datasets
Long term river morphology data of Bangladesh is not available in analytical format. In this
study, reliable medium term (1972-2010) river morphology datasets were generated form
satellite images to examine the visualization of the impact of climate change (before 1972
operational satellite data was not available). Duration based analysis of river morphology for
the mentioned time period depicts that (table 2), the dominancy of morphological changing
process of the JBM river system was shifted from erosion to accretion. Number and
area per Char land were also increased in the recent decades. Theoretically, one cause of
accretion in the rivers is the lower discharge which allows the fluvial sediment to be
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deposited in the river volume. The discharge in our river system has been being lowered,
particularly in dry season, since the last five decades. But it is difficult to say how much of it
was because of the change of climate (lower
rainfall over the catchments, lower snow
melting water from the Himalayas) as the
natural flow in our trans-boundary rivers
have been being regulated by the Barrages
outside the country. However, it is certain
that the combined effect of climate change
and human intervention would impact much
more than any one alone as it would much
lower the discharge at the low rainfall/low
snow melting years and would much higher
the discharge at the high rainfall/high snow
melting year. Sudden or periodically
consistent higher discharge in the rivers has a
consequence of severe erosion which is
known to be increasing in the recent years
comparing to four/five decades before.
Therefore, the evidence obtained in this
study revealed that as a combined impact
of
climate
change
and
human
intervention, accretion in the JBM river
system would be continued to be the
dominating phenomenon accompanied by
event based severe erosion. Because of the
Figure 6. Changes of the char land: an example.
dominancy of accretion, migratory nature
of the changing process would be slower,
number and area per Char land as well as frequency of dying out of rivers would be
increased.
Table 5. Stability of the Char land.

5.3.2 Visualization of the impacts of CC
using short term datasets

For inferring the short term impact of climate
change event based river morphological data
Duration
were generated. The event selected was the
difference of rainfall in the two successive
1972-1989
35.77
years. Studying the rainfall data recorded in
1989-2010
33.10
the 11 stations over the study area, 2010 and
2011 were selected as the study years.
1972-2010
18.40
However, because of non-availability of
rainfall data over the JBM basin resided
outside Bangladesh, relevant contribution of rainfall could not be evaluated. Based on the
Stable area as % of the
total area aggregated from
the study years
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datasets mentioned above, it is seen that the rainfall in the study area in 2010 was higher by
3.17 % than that in 2011with reference to the normal rainfall. To examine the impact of this
rainfall difference, RADARSAT satellite images of 25 October 2010 and 20 October
2011were used to extract the existing water and Char land areas in the Jamuna (part), the
Padma and the Meghna rivers. Figure 7 shows the effects of the difference of rainfall on the
river surface water and Char land and Table 6 presents the relevant statistical information.

Figure 7. Changes of areas of surface water and Char land due to difference of rainfall.

Table 6. Impact of rainfall variation on
the rivers
Change
Features

Water
area
Char
land area

Area,
hectare

% w.r.t.
2011

29,960

17.67

20,399

16.82

Remarks
Increase
in 2010
Decrease
in 2010

It is seen that due to higher rainfall in 2010,
water area was increase by 17.67 % and Char
land area was decreased by 16.82 % w.r.t.
2011.Thus, 0.85 % of the foreshore of the
rivers was inundated due to higher rainfall in
2010. Therefore, the short term impact of
climate change would be experienced by the
foreshore and the Char lands of the rivers and
based on the rainfall amount in the catchments
the livelihood (agriculture, livestock, etc.) in
these areas would be hampered.
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6. Conclusions
Multi-temporal planimetric river morphology datasets of the JBM river system belongs to
Bangladesh were generated in analytical format. The study has established foundation for
studying the changes in the river network systems in the whole country.
It is seen that the dimensions of erosion and accretion occurred in the JBM river system were
different. In 1972-1989 erosion was dominating for the rivers having width > 50 meters
whereas accretion was dominating in 1989-2010. For rivers having width > 50 meters,
stability of the river network was seen to be degraded in 1989-2010 than that in 1972-1989.
The small width rivers were more stable than the large width rivers. Erosion in 1972-1989
and accretion in 1989-2010 were dominated in the Jamuna and the Padma rivers, whereas
erosion was the only dominating phenomenon in the Meghna river for the whole study
period. Stability of the Jamuna and the Padma rivers has been degrading whereas stability of
the Meghna river has been improving. Number and area per Char land were also increased in
the big rivers in the recent decades.
Analysis of the medium term river morphology datasets depicts that within the study period,
dominancy of morphological changing process of the JBM river system was shifted from
erosion to accretion. Due to combined impact of climate change and human intervention,
accretion in the JBM river system would be continued to be the dominating phenomenon
accompanied by event based severe erosion. Because of the dominancy of accretion,
migratory nature of the changing process would be slower, number and area per Char land as
well as frequency of dying out of rivers would be increased. Short term impact of climate
change will primarily be seen on the foreshore of the rivers and on the Char lands.
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