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Abstract

This study is conducted to evaluate the ongoing geoenvironmental impacts of Brahmaputra-Jamuna (BJ)
River around the Jamuna Bridge (JB) site which was modified prior to the construction of Jamuna Bridge in
1996. Remote sensing and GIS techniques are adopted to evaluate the temporal and spatial geohazards. This
study shows that the intensity of channel shifting has been increased due to regulation of river width at Sira-
jeganj—Bhuiyapur section from 11 km to 4.8 km. Planform analysis shows that the major channel has been
stressed to migrate (315 m/year) eastwards. The phenomena of channel changes are predicted to be the con-
sequences of interaction of water flow, sedimentation and channel corridor. The erosion and deposition have
complicated variations over time and space due to the abrupt changes of flow and sedimentation around the
regulated section. Due to width reduction, the bridge site in the braided system acts as sluice gate which can
not accommodate the entire flow to release downstream properly. The helical flow developed with the inter-
action of guide bund creates local scours and helps to shift the river bank eastward.
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1. Introduction

Fluvial channels usually maintain specific physical char-
acteristics, flow regimes and capacity for sediment tran-
sportation controlled by the hydrodynamics environment
of existing river basins. Any alterations in these systems
perhaps change the response of some of those phenom-
ena. The hydraulic structures developed across the flow
path create a strong perturbation of fluvial dynamics,
changing the natural cycle of the river and interfering in
the transportation and deposition processes, together with
a reduction of biodiversity by destroying the natural hab-
itat of many species [1] and turn into hazard. Fluvial
hazards involve both flooding and river bank erosion,
although only the river bank erosion aspects can be con-
sidered as geomorphic hazards [2]. According to Gares et
al. [2], geomorphic hazards can be defined as the group
of threats to human resources resulting from the instabil-
ity of the earth’s surface features. The significance of
these features is intense on the response of landforms to
the processes, rather than on their original source. The
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concept of geomorphic hazard is most widely used by [2,
3] geomorphologists which has an important task to ful-
fill in terms of natural hazards research. Magnitude and
frequency, as well as temporal and spatial scale, are key
geomorphic concepts which are strongly interlinked to
natural hazards. The Brahmaputra (2900 km length), one
of the largest braided rivers in the world, originates from
the Himalayas and enters Bangladesh at Kurigram as
Jamuna (length 200 km). Though the history of Jamuna
is not more than 250 years, it shows very drastic changes
in its course due to anthropogenic influences. Recently, it
has been modified at its corridor by river training works
(between 1994 and 1995) prior to construction of the
Jamuna Bridge (JB). Before regulation, the river reach
was a well-defined braided system that maintained its
natural flow by adjustment within the valley floor. The
natural width of the river was 11 km at the JB section
before its structural modification. Later it was trained
about 6 km from both sides for JB construction (Figure
1). Furthermore, the river flow was partly restricted at
different points in upstream by construction of hydraulic
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structures like hardpoints, dykes, spur and groynes,
which were especially located in the west bank (e.g.,
Sirajganj, Kazirpur, Kalitoli, Shuvogacha and Sariakan-
dhi regions). Today, these training methods together with
the bridge construction are the mainly responsible for the
changes of hydraulic environment in the studied section.
Consequently, the retained structures and the JB were
developed a water slope between the upstream and
downstream level of water in the bridge section which is
mainly responsible for bank erosion. Besides, the loss of
agricultural lands, settlements and important structures
by geohazard create severe stress on the socioeconomic
and environmental conditions of Bangladesh. Of late,
attention has been paid to the hysterical characteristics of
the river reach around the bridge section for pre- and
post- bridge construction. The use of Remote sensing
(RS) data and GIS technique has been integrated into
mapping and analysis of such geomorphic processes wit-
hin the natural and human hazards context. However, the
present study is conducted by the integration of RS and
GIS along with geomorphological observation. The im-
pacts of bank erosion in the regulated river in the world
are also described in the standard literature [4,5,6].

2. Study Area

Jamuna Bridge site is located between Tangail and Sira-
jganj town (Figure 1). It lies within latitude 24°22'50"—

24°26'30"N and longitude 89°55'30"-89°58'45"E. The
river reach is characterized by well defined braiding na-
ture, meta-stable islands, nodes, sandbars, shifting ana-
branches and rigorous bank erosion. Geomorphologically,
the eastern bank is bounded with the lateral extension of
Madhupur Tract and the west bank is the Barind Tract,
which is composed of silty clay. During monsoon, the
average annual discharge of Jamuna River (JR) at Ba-
hadurabad point is about 50000 m*/s. However, the dis-
charge increased to 100000 m’/s during the 1988 and
1998 flood events. The average water surface slope is
approximately 6.5 cm/km for the lower reach.

3. Geomorphology

The river morphology in lower Brahmaputra-Jamuna (BJ)
is well-defined braided with an average channel width of
about 12 km and a valley floor width of 80-90 km. The
channel is also extremely unstable and itinerant. The
main channel of Brahmaputra at Bhahadurabad point was
switched southwards and opened as Jamuna due to the
result of tectonic uplift of Madhupur Tract during the
1762 earthquake episode. Presently, a huge landmass in
Brahmaputra and Tista floodplain has been lost by severe
erosion, predominantly on the west (Sirajganj) and east
(Tangail) banks of JR. Braiding is most well developed
in this system. The major channel is marked by succes-
sive division and rejoining of secondary channels and
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Figure 1. Location map of the study area.
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Figure 2. Geomorphic features of the study area.

crevasses around the alluvial islands. In planform view,
it consists of one major channel, three secondary chan-
nels, enormous abandoned channels, bars (bar elements:
mid-channel bar, vegetated island and significant sedi-
mentary structures), chute channel and floodplains within
the study reach (Figure 2).

Floodplain in the study area stands about 1-2 m above
the level of sand flats, and is covered with grasses, bus-
hes and, in some places, large trees. The meander distrib-
utaries in this section frequently change their positions
due to the hydrodynamic variability of the parent river.
Numerous remnants of meander loops, shoals and ridges
are observed in the floodplain of BJ River (Figure 2).
The length and width of each shoal and ridge are 100 m
to few hundred meters. The shoals are often inundated
with water in dry season (Figure 2). They are primarily
composed of silt and mud and perennially inundated by
flood water.

4. Methodology

4.1. Data

The principal data used in this study area are satellite
remote sensing images for 8 different years, between
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1992 and 2001 due to their availability in Bangladesh
space research agencies. By reason of inconvenience of
satellite images in 2001 onward, the GPS tracking data
for the banklines was used to incorporate the latest chan-
ges of the channel planform in the geoenvironment. Only
Landsat TM images of 30 m ground resolution were se-
lected to avoid heterogeneity among the respective sam-
ples. Geometric corrections were performed to rectify the
respective images into the UTM-46N projection system.
As the study area is a completely flat land, the orthogo-
nal transformation was not performed. Bank lines of
2008 were tracked by a hand GPS (Explorist, Model 200)
with a precision of + 1.0 m.

4.2. Delineation of Bank Line

ERDAS/Imagine 8.6 software was used for analysis of
the remote sensing data. For developing GIS database,
one continuous polygon was created to represent the
channel for each time series. On-screen digitations at a
scale of 1:4000 were carried out, and a methodological
consistency was maintained by having one operator for
bank line delineations. In this study, bank line is deline-
ated as the sharp contrast between the vegetative and
non-vegetative part of the channel, as an elongated area
where stream flow occurred with sufficient frequency,
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Figure 3. Trend of bank line shifting of Jamuna River arou-
nd Jamuna bridge site.

force, and duration to discourage the presence of vegeta-
tion such that 90% or greater of this area is bare ground
or water. In most cases, bank lines were identified based
on the visual interpretation of the images, but in some
places, distinguishing between active and abandoned
channels was difficult. In such cases, the guidelines of
EGIS [7] were followed, where the branched channels
which did not return to the trunk river, and channels nar-
rower than 100 m were located outside bank lines. Field
observation was conducted for verification of remote
sensing data and incorporating the sediment signature.
Bank lines of 2008 tracking from GPS were superim-
posed with the consecutive bank line for identifying the
present scenario of erosion and depositional phenomena.

Point to point measurement of river width was conducted
from raster image for calculating the variation of river
planform.

4.3. Accuracy Assessment of Image Classification

Accuracy assessment is an imperative marker to form a
plan regarding the quality and consistency of results and
the ambiguity derived from remote sensing (RS) data [8].
In the landscape classification studies by the post-classi-
fication comparison method, it is essential to give con-
centration towards the classification accuracy of different
classes. Because, the classification error will more im-
portantly influence the accuracy of the results. As such,
Mather [9] suggested that a standard of 85% accuracy is
suitable for digital image classification. Furthermore,
Congalton [10] recommended that a least of 50 samples
for each land cover class in the error matrix would be
adequate to evaluate the classification results.

Consequently, an accuracy assessment for the classi-
fication of the study area was conducted using a mini-
mum of 72 pixels per group from the blend image data.
The location of the control points (CP) was selected us-
ing random stratified method, which corresponded to
different land classes within the study area. The mean
value of overall classification accuracy was determined
to be 88 percent. The details of overall class accuracy
and Kappa coefficients for the respective studied images
are presented in Table 1. It is shown that the sand body
maintains hundred percent accuracy at all samples and
the water body maintains higher than 87 percent for all
images. Despite this, the accuracy of wetlands is about
65 percent due to the interruption of seasonal sand sheet
and human interference.

5. Results and Discussion

For identification of the river planform changes due to
structural development, a comparative analysis of chan-
nel changes (Figure 3) around JB site has been conducted
by GIS techniques over a period of 9 years (1992-2001).
The superimposition of the channel corridor of consecu-
tive years (Figure 3) accounts for the dramatic changes

Table 1. Statistics of overall classification accuracy for the Landsat TM images.

Year Overall classification accuracy, %  Overall Kappa coefficients
1992 84.00 0.78

1995 86.11 0.80

1996 90.28 0.86

1997 79.17 0.71

1998 91.67 0.88

1999 88.89 0.84

2000 91.67 0.88

2001 93.10 0.899
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Table 2. Erosional and depositional status of Jamuna River around Jamuna Bridge site. Negative (-) and positive (+) signs
indicate erosion and deposition in the numerical values respectively.

Leftbank (Tangail-Bhuiyapur)

Right Bank (Sirajganj)
Station Northing 1992-1996 1996-2001  2001-2008 Status 1992-1996 1996-2001 2001-2008 Status
m m m m m m m
1 709348 -216 1824 -3152 erosion 9372 1200 2152 deposition
2 707644 -528 1176 -3564 erosion 8040 2640 2562 deposition
3 705892 96 252 -2776 stable point 5976 1368 2876 deposition
4 704884 -900 816 -3088 deposition 7680 1344 -2188 deposition
5 703012 -1440 1368 -2400 deposition 1788 1008 -1040 deposition
6 701812 -2244 2040 -2712 deposition -648 1752 -301 deposition
7 701020 -2532 2328 96 deposition -1656 2160 -1616 deposition
8 700420 -2964 2664 152 deposition -1620 1776 1506 deposition
9 699292 -636 -3120 257 deposition 696 -2160 257 erosion
10 698116 -828 -3408 1126 deposition 744 -1152 126 erosion
11 696604 -876 -2856 -626 erosion 804 -1296 -821 erosion
12 695260 -3252 -864 -1828 erosion 1020 -1320 -2121 erosion
13 694204 -4032 -504 -972 erosion 1140 -1296 -1972 erosion
14 692572 -5172 -648 -1116 erosion 444 -648 -2116 erosion
15 691108 -5772 =792 -1260 erosion 156 -960 -2060 erosion
16 689452 -5448 -1104 -1404 erosion 348 -1248 -2401 erosion

of post bridge adjustment. In Figure 3, it is shown that
the erosion is predominantly eastwards (Bhuiyapur)
around the bridge sites and downstream part, whereas the
west bank shows deposition tendency (from bridge to
Aniatpur). In fact, the temporal and spatial migration is
prominent in three different points of the studied sections,
though the entire river is considerably migrated east-
wards (Table 2). The rate of bank line migration at
Bhuiyapur site was calculated to be 315 m/year and the
maximum bank line migration (2.5 km) was also ob-
served near the bridge abutment of Bhuiyapur from 1992
to 2001 (Figure 3).

Besides, the rapid shifting and regional scouring were
observed along the Sirajganj Sadar Thana. The average
migration rate calculated from the GIS technique of this
point was 125 m/year. The overall planform change con-
firms the rapid channels responses in the form of accel-
erated erosion and deposition near the bridge site and
Sirajganj hardpoint (Figure 4). In fact, channel response
in this study has been characterized by net aggradations
and depositions at different locations.

The GPS tracing of bank lines of 2008 was also in-
corporated in the satellite imagery to evaluate the current
intensity of erosional vulnerability. The total aggrada-
tions and depositions immediately following the bridge
from 1992 to 2008 have been projected in Figure 5. The
maximum erosion (4.0 km) was determined at Bhuiyapur
site from 1992 to 2008. In contrast, the downstream part
of west banks exhibited remarkable stability between
1992 and 2008. This site apparently shows the deposi-
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tional phenomenon in most of the points except the up-
stream part of Sirajganj town and downstream part of
Aniatpur, where up to 3.5 km of erosion were observed.
Hence, the net erosional phenomena between 2001 and
2008 was about one and half times higher than that of the
previous phase (1992-2001) in both banks of the studied
river section. The point to point measurement of river
width, calculated from raster data (Landsat TM image)
shows that the maximum bank line shifting is observed
between northing N69600 and N702000 which covers
the immediate upstream and downstream parts of the
bridge site (Figure 4).
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Figure 4. Changes of bank line from 1992 to 2001 around
bridge site (calculated from raster images).
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Figure 5. Changes of river corridor around the bridge site.

Though the extent of erosion may vary substantially
from one year to another, the changes from 1992 to 1996
were very small and steady. Alternatively, the modifica-
tions after 1996 were extremely high, though the high
value was observed in 2001. Due to artificial flow barrier
(reduced bridge section), huge suspended sediments were
deposited as bank-attached bars in front of the bridge site
which extremely reduced the channel width in 2001. The
limited responses along Sirajganj site were caused most
likely due to construction of man-made hard points such
as dykes, spur and groynes, and resisting clayey bank
materials (about 7.0 m thick). Nevertheless, the total
amount of active river bank corridor (in ha) gradually
increased with time except the value in 2001. The
maximum value (i.e., 4700 ha) was observed in 2000

(a) Erosional point at Bhuiyapur (bend scour
developed around the bridge abutment).

(c) Sediment signature in east bank, mostly
composed of silt clay and mud.
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Figure 6. Total amount of erosion and depositional area
from 1992 to 2008.

(Figure 5). The field observation along Sirajganj site
shows that the existing bank line is now eroding the pre-
vious floodplain (Figure 6), which is mostly composed of
silty clay to clayey materials (Figures 7 and 8).

(b) Erosional point at Sirajganj (bank sliding
occurred for downcutting of river bed.

(d) Sediment signature in west bank, mostly
composed of dark clay.

Figure 7. Erosional hazard and sediment characteristics of the bank materials.
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Figure 8. Sediment signature of the erosional bank of Jam-
una River at Jamuna Bridge site.
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Natural levee is almost absent in most of the meander
bends along upstream site of Sirajganj town due to rapid
erosion. In lieu of well-developed levee, there is a thick
sheet of fine sand layer (around 2.0 m thick) which is
underlain clayey materials (Figure 8). In contrast, chan-
nel bed scouring and concave benches are observed in
the eroded bank morphology due to the presence of re-
sisting (clayey) bank materials at bottom of eroded bank
(4.0 m thick) (Figures 7(b) and 8). As a result of inten-
sive downcutting, rapid river-bed degradation is induced,
and the longitudinal training structures have gradually
been destroyed. Therefore, none of the groynes con-
structed in one year in this channel has survived to next
year. Groynes and many bank reinforcements are seri-
ously damaged every year in this section. This aggrada-
tions and deposition phenomenon in the vector projection,
show very similar fashion (Figures 2 and 4). Due to river
training works, the present bridge section becomes a fun-
nel-shape passage (sluice gate) across the river reach.
Within this regulated section, it is hard to pass the entire
flow regime during the flood season; accordingly, a flow
gradient is developed between the upstream and down-
stream sites.

Consequently, the huge flow regime is restricted by
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the confined channel. Hence, deposition occurs at the
immediate upstream of the bridge and raises the river bed
level. Furthermore, the shallow channel can not accom-
modate the floodwater as before. Thus, the flood stage
has become extremely high and the phenomenon known
as the “little flood with high flooding disasters” has oc-
curred in the river basin, thereby widening the channel
corridor. The change of the channel area from 1992 to
2001 is plotted in Figure 5. Attributable to the existing
pressure gradient between the upstream and downstream
sites, the down-channel suffered excessive bank erosion
(Tangail site) (Figures 3 and 7). The results show that the
active channel corridor has been increasing with time.
The maximum increment is observed in 2000, though the
value is extremely reduced in 2001 (Figure 5). Due to
excessive flooding in the upstream site, the agriculture
land is covered by a thin sheet of fluvial sand (about 1.0
m thick) (Figure 8).

This causes reduction in soil fertility and hampers ag-
riculture production, whose effects ultimately change the
crop calendar in the surrounding floodplain. Meanwhile,
it has been extensively agreed that particular river rea-
ches are not self-governing but closely linked to each
other and form a complex system that must be managed
at the entire river scale [11,12]. From a practical stand-
point, an alternative approach such as stream naturaliza-
tion [13] may practice, which acknowledges that humans
are now the dominant agents of stream-channel change
and seeks to incorporate social and environmental com-
ponents into this new regime of stream dynamics. These
may prove to be more practicable than reflexive recovery
for achieving explicit environmental objectives [14].

6. Conclusions

In this study, GIS analysis of remote sensing data has
been revealed that the physical characteristics of the
sandy braided Jamuna River at Jamuna Bridge section
has been changed due to modification of the braided
system by river training works between 1994 and 1995.
The east guide bund (Bhuiyapur bridge-abutment) has
been suffered by excessive erosion (315 m/year). Besides,
the right bank (Sirajganj) is also threatened by lateral
erosion (125 m/year). Given that, the active channel in
bridge section is confined more than two-folds by river
training works. It appears that the upstream section is
continuously widening, which seems to act as a sluice
gate. Therefore, the phenomena in this confined section
disrupt the longitudinal continuity of the river system,
and the idealized channel is divided into three successive
zones: (1) erosion, (2) transport and (3) deposition zones,
and this has been also described by Schumm [11] in
regulated channel. Currently, the river reach attempts to
restore an equilibrium profile which results in erosion as
well as deposition upstream from the modified channel
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reach [15]. The main channel has become a mosaic of
short channel reaches which behaved differently whether
before regulation; the braided river in this section fol-
lowed a natural evolutionary pattern. From the analyzed
data it is also predicted that, in near future, the channel
may bypass the east bridge abutment. For a better under-
standing of the functioning of entire channel system, it is
necessary to prevent the consequences of channel train-
ing works and proper prediction of channel evolution.

7. Acknowledgements

This research article is a part of first author’s ongoing
Ph.D. work, which is financed by the Japanese Govern-
ment (Monbukagakusho Scholarship program 2007-
2010). Authors are indebted to Roksana Begum, Depart-
ment of English, Jahangirnagar University, Dhaka, Bang-
ladesh, for her efforts on language checking. Sincere gra-
titude to the anonymous reviewers whose constructive
comments significantly improved the manuscript.

8.References

[1] J. C. Stevaux, D. P. Martins and M. Meurer, “Changes in
a large regulated tropical river: The Parana River down-
stream from the Porto Primavera Dam, Brazil,” Geomor-
phology, Vol. 113, No. 3-4, pp. 230-238, December
2009.

[2] P. A. Gares, D. J. Sherman and K. F. Nordstrom, “Geo-
morphology and natural hazards,” Geomorphology, Vol.
10, pp.1-8, August 1994.

[3] O. Slaymaker, “Introduction,” In: Slaymaker, O. (Ed.),
Geomorphic Hazards, Wiley, 1996.

[4] N. Chien, “Changes in river regime after the construction
of upstream reservoirs,” Earth Surface Processes and
Landforms, Vol. 10, No. 2, pp. 143-159, July 2006.

[5] S.E.E. Filho, P. C. Rocha, E. Comunello and J. C. Ste-
vaux, “Effects of the Porto Primavera Dam on physical
environment of the downstream floodplain,” In: S. M.

Copyright © 2010 SciRes.

[14]

[15]

Thomaz, A. A. Agostinho, N. S. Hahn, (Eds.), The Upper
Parana River and its Floodplain: Physical Aspects, Ecol-
ogy and Conservation. Backhuys Publisher, Lieden, The
Netherland, pp. 55-74, 2004.

S. E. E. Filho and P. C. Rocha, “Erosdo marginal e
evolugdo hidrodindmica no sistema rio-planicie fluvial do
alto Parana, Centro-Sul, Brasil,” In: J. O. R. Nunes, P. C.
Rocha, (Eds.), Geomorfologia. Expressdo Popular, Sao
Paulo, pp. 133—-154. 2008.

EGIS, “Morphological Dynamics of the Brahmapu-
tra-Jamuna River,” Water Resources Planning Organisa-
tion (WARPO), Ministry of Water Resources, Govern-
ment of Bangladesh, 1997.

R. G. Congalton and K. Green, “Assessing the accuracy
of remotely sensed data: Principles and practices,” Lewis
Publishers, 1999.

P. Mather, “Computer processing of remotely sensed
images: An introduction, 3rd. (Ed.), Wiley, 2004.

R. G. Congalton, “A review of assessing the accuracy of
classifications of remotely sensed data,” Remote Sensing
and Environment, Vol. 37, No. 1, pp. 3546, July 1991.

S. A. Schumm, “The Fluvial System,” Wiley, 1977.

J. P. Bravard, N. Landon, J. L. Peiry and H. Piégay,
“Principles of engineering geomorphology for managing
channel erosion and bedload transport, examples from
French rivers,” Geomorphology, Vol. 31, No. 1-4, pp.
291-311, December 1999.

M. A. H. Bhuiyan and N. E. Huq, “Analysis of recent
changes in physical characteristics of the Padma River
between Aricha and Munshiganj: A remote sensing and
GIS approach,” Bangladesh Journal of Geology, Vol. 19,
pp- 13-23, March 2000.

M. A. Urban and B. L. Rhoads, “Catastrophic human-
induced change in stream-channel planform and geome-
try in an agricultural watershed, Illinois, USA,” Annals of
the Association of American Geographers, Vol. 93, No. 4,
pp. 783-796, 2003.

G. Parker and D. Andres, “Detrimental effects of river
channelization,” In: Proceedings of Conference Rivers' 76,
American Society of Civil Engineers, pp. 1248-1266,
1976.

JWARP



