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can be used to see how China and India have progressed 
over the recent past as far as their presence in these two 
journals is concerned. Figure 2 shows the time evolution 
of India’s and China’s presence in the two leading jour-
nals in the area of computational mechanics. While India 
has been stagnating after rising initially, China now out-
paces India quite significantly.  
 In this paper, we have used a three-dimensional biblio-
metric analysis to identify the leading countries, and also 
the most influential journals in the key area of computa-
tional mechanics research. Scholarly performance is bro-
ken down into three components – quantity, quality and 
consistency. The citation data are retrieved from the WoS 
and used to categorize the entities according to these 
quantities. We see that India plays only a marginal role in 
this key area and of late this has been stagnating or  
diminishing. 
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The Subansiri is a major Trans Himalayan tributary 
of the River Brahmaputra, characterized by its  
extremely dynamic and unstable alluvial channel in 
Assam. In this study, the pattern of channel shifting as 
well as various other changes of the Subansiri river 
have been studied for the period from 1828 to 2011. 
Five different types of channel shift have been obser-

ved in the Subansiri river. They are (i) alternate bar-
induced shifting, (ii) neck cut-off, (iii) chute cut-off, 
(iv) meander shift and (v) avulsion or rapid diversion. 
The channel pattern of the Subansiri river in Assam 
changes continuously with large number of channels 
being abandoned and new channels developed in the  
course of a few years. Large discharge and heavy 
sediment load during floods cause the river to be   
extremely unstable, because of which it consistently 
migrates laterally from the eastern side to the western 
side of the basin abandoning the earlier channels.  
 
Keywords: Channel migration, erosion, flood, sedi-
mentation, Subansiri river. 
 
THE present study was undertaken on the Subansiri river 
in Assam for assessment of changes in the positions of 
the channel, resulting from bank erosion as well as vari-
ous changes in the channel pattern of the river from 1828 
to the present. Evidences indicate that the reach of 
Subansiri in the plain section represents one of the most 
dynamic and unstable alluvial rivers in the Brahmaputra 
valley. The reach of the river downstream from Arun-
achal hills, especially towards its mouth, has a sluggish 
course subjected to intense braiding and anabranching of 
the channel. Formation of channel bars and meandering 
thalwegs is common. Since 1954, the river has been con-
fined between its embankments. This leads to rising of 
the riverbed. The silt which used to be deposited in the 
plains, now gets deposited inside the river channel 1. The 
map evidence together with records of flood history indi-
cate that recurring large floods have breached the  
embankments, created areas of bar development and 
caused bank erosion and channel migration. According to 
Schumm and Lichty2, and Schumm3, floods of very high 
magnitude may be a contributing factor to channel widen-
ing and river bank erosion along with associated changes 
in the channel pattern. Erosion may be caused either by 
undercutting of the upper bank materials by channels dur-
ing the high floods producing an overhanging cantile-
vered block that eventually fails or by oversteepening of 
bank materials due to migration of the thalweg closer to 
the bank during the falling stages4. Large-scale slumping 
of bank during the falling stages of the river was obser-
ved in many places, which may be associated with  
reverse flow from the formation back into the channel 
causing a lateral flowage of sand and silt into the channel 
resulting in subaqueous failure5,6.  
 It is believed that the Great Assam Earthquake of 1950 
and the associated flood episodes are primarily responsi-
ble for bringing a major change in the hydrologic regime 
of the Subansiri river. Before the great earthquake of 
1950, the Subansiri was flowing through Bilmukh and 
this old course was shorter, measuring only 136.77 km. It 
is learnt that it had a still shorter course two centuries 
ago, when the Brahmaputra was flowing along the pre-
sent course of Kherkatia suti and the Lohit Subansiri met 
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Figure 1. Location map of the Subansiri river in Assam. 
 
 
the Brahmaputra near Garmur7. But after 1950, it had 
started flowing through the Ghunasuti and changed its 
bankline several times before it left this channel and 
started capturing the Ghagar Nala from 2000 onwards. At 
present, the Ghagar Nala acts as the main Subansiri river. 
Bankline study shows that it has a tendency to shift its 
course towards the western side. The River Subansiri,  
after entering the plains of Assam, spreads out and dissi-
pates its energy causing abrupt reduction of velocity and 
inducing siltation that results in bank erosion and also 
frequent changes in its course.  
 The Subansiri is the biggest tributary of the River 
Brahmaputra, contributing as much as 11% of the total 
flow of the river. It originates in Tibet at an altitude of 
about 5340 m and then flows through the Himalaya and 
the plains of Assam before reaching its confluence with 
the Brahmaputra. The length of the river from origin to 
its outfall is about 468 km. The river after entering the 
plains of the Brahmaputra valley from the high gradient 
of the Himalaya, spreads its enormous discharge forming 
anastomosing pattern in the channel which in the down-
stream direction takes a meandering course. The Suban-
siri basin covers an area of 35,771 sq. km. of which 

4350 sq. km. falls in Assam. For this study, the reach of 
the river in Assam is selected (Figure 1), which extends 
between lat. 2645–2735N and long. 9345–9430E. 
 For the present study, the Survey map of Lieutt R. Wil-
cox, 1828 (engraved in the office of the Surveyor General 
of India, July 1830), SOI toposheets and satellite images 
of 20 different years (Landsat MSS, TM, ETM+ and IRS 
LISS 3) and published literature currently available on 
the Subansiri river have been consulted and used for 
analysis based on remote sensing and GIS techniques. 
GIS techniques are effective and accurate tool of quanti-
fying channel changes both at medium-term and short-
term scales8.  
 For the study of channel migration of the Subansiri 
river, various toposheets and satellite images of different 
years have been georeferenced using WGS84 datum and 
UTM projection, and the banklines have been digitized. 
The overlaid banklines give the overall channel migration 
pattern of the Subansiri river from 1828 to 2011.  
 River channel migration is the lateral movement of an 
alluvial river channel across its floodplain due to pro-
cesses of erosion and deposition on its banks and bars. In 
meandering streams, channel migration typically takes 
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Figure 2 a–c. Channel shifting due to bar development. 
 
 

 
 
Figure 3. A well-defined neck cut-off seen in the Ghagar Nala bet-
ween 1973 and 1990, which later becomes the main active channel of 
the Subansiri river.  

 
 
Figure 4. Chute cut-off seen in the Ghagar Nala, which is at present 
the main active course of the Subansir i river.  
 
 

place by erosion of the cut bank and deposition on the 
point bar. In braided streams, channel change may occur 
due to high rate of sediment transport, weak bank materi-
als and the movement of bedforms through the channel. 
According to Hicking and Nanson9, the factors which are 
responsible for changes in alluvial channels and rate of 

meander migration include water discharge, character of 
the bank material, height of the concave bank, vegetation 
and sediment supply, etc.  
 The channel pattern of the Subansiri river in Assam 
changes continuously, where large channels being aban-
doned and new channels being developed in a few years 
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Figure 5 a–c. Shifting of the meander bends. 
 

 
 

Figure 6 a, b. Avulsion process in the Subansiri river, where one channel is abandoned forming another channel. 
 
are common features. Coleman5 refers to this process as 
‘sudden shifts’. A channel shift is accomplished by the 
development of a completely new channel, or, more 
commonly, a pre-existing channel takes over the convey-
ance function of another channel. The new channel may 
flow through the original channel deposits or through the 
floodplain10. Goswami et al.11 have studied the changes 
of the Subansiri river over a period of 70 years based on 
toposheet and satellite imageries for the years 1920, 1970 
and 1990 and grouped the types of changes into four 

categories, viz. (i) alteration of the direction of flow due 
to neck cut-off, (ii) widening of channel resulting from 
bar development, (iii) development (and subsequent 
abandonment) of anabranches, and (iv) progressive shift-
ing of meander bends. However, in the present study, the 
different types of channel shifts observed in the Subansiri 
river are as follows. 
 (i) Alternate bar-induced shifting: Sand bar-induced 
channel shifting is a common process in the Subansiri 
river. Different types of channel bars, point bars and side 
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Figure 7 a–d. Channel migration of the Subansiri river from 1828 to 2011. The locations A, B, C, E1, E2... Q represent the different posit ions of 
the cross-sections where shift ing of different branches of the river was measured.  
 
 
bars are developed and their size increases, decreases and 
sometimes diminishes inducing shifting of the channel. 
Figure 2 shows the shifting of the channel due to bar  
development.  
 (ii) Neck cut-off: Well-defined neck cut-off in an  
alluvial meandering river is a typical way of channel shift 

(Figure 3). In neck cut-off, a stream in a meander loop 
cuts a new channel through the narrow neck between two 
meander loops to straighten the channel12.  
 (iii) Chute cut-off: Meander grows and migrates by 
erosion on the outside and downstream side of the bend 
and by deposition on the inside. This deposition leaves 
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Figure 8. Shift ing of banks due to erosion/aggradation along different sections of the Subansiri river (negative value indicates 
shift ing of the channel due to erosion and posit ive value indicates shift ing of the channel due to aggradation). 

 
 
behind a series of low ridges and troughs, which are 
known as point bars. During floods, the river may  
develop an alternate channel through one of the troughs 
to straighten its course and this channel is called chute 
cut-off (Figure 4).  
 (iv) Meander shift: Shifting of meander bends from 
one place to another to maintain equilibrium in energy 
distribution is a common phenomenon in an alluvial 
river. Erosion in one bank may lead to aggradation in the 
other bank, which changes the position of the bank line. 
Figure 5 shows the shifting of meander bends in different 
places and different years. 
 (v) Avulsion or rapid channel diversion: ‘Avulsion’ 
is the situation where a river, at a particular point, aban-
dons its original channel and starts flowing in another 
channel and, in the course of time, the newly formed 
channel develops the pattern of the original one (Figure 
6). Shifting due to avulsion is aided by the successive 
growth of the meander scrolls. By this, each meander 
loop of a stretch of the river gradually shifts and thereby, 
with the passage of time, that stretch deviates much from 
its original position. Migration may not necessarily  
follow any preferred direction along the entire channel 
length.  
 In the present study, shifting of the channels of the 
Subansiri river has been measured in 17 cross-sections 
across the river. Shifting of the banklines of different 
anabranches in the right and left banks and the change in 
total width were measured in 30 different positions of the 
cross-sections.  
 From Figure 7, it can be seen that after entering into 
the plains of Assam, the Subansiri river is characterized 
by typical braiding with numerous mid-channel bars, but 
the overall pattern of the river is a meandering one with 
many sinuous bends and point bars. For the period prior 
to the great earthquake of 1950, two years of data were 

available. The Survey map of 1828 shows that the river 
was then flowing through Kachutoli, upstream near 
Gogamukh to Bebejia and Changungaon before it debou-
ched to the Brahmaputra. The SOI toposheets of 1916 
show that the river was flowing in the vicinity of the pre-
sent Gogamukh Chariali, where the old channel is still 
present. After Gogamukh, it flowed in a single channel up 
to Sensuli, but after Sensuli it started flowing in two 
equal branches separated by an island before they met 
again near Parghat. It again separated into two different 
branches near Latum, one through the present Kherkatiya 
suti and the other through the present Subansiri before 
they met near Nagargaon.  
 After the great Assam earthquake of 1950 and the asso-
ciated floods, the morphology of the river has changed a 
lot. Because of the earthquake, landslides occurred and 
blocked the river forming a natural dam in the higher 
gorge section at Sipoumukh, 9 km upstream from Geru-
kamukh. It blocked the river for almost three days and  
after the third day, the dam breached and the sudden  
release of the stored water washed away a large portion 
of the Pathalipam Tea garden located near the river in the 
foothills zone and several villages, killing hundreds of 
people and innumerable cattle by the surging waters 
downstream. During the flood, the river got charged with 
enormous amount of silt which in its movement down the 
river altered the conditions of flow and changed the river 
course7. It also considerably raised the riverbed13. From 
the SOI toposheet of 1967, it can be seen that the river 
had shifted its course after the 1950 earthquake. It left the 
original channel near the Gogamukh Chariali and started 
flowing almost 5 km away towards east near Chould-
howa. From Katari chapari to Ayengia, the river was 
flowing along two equal branches. The channels of the 
river were more or less stable till 1989. In later years the 
channel pattern has changed and the right branch, i.e. 
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Ghunasuti has become the major channel in terms of 
flow. This change in the flow regime in the right branch 
has renewed its pressure on the bed as well as the banks. 
It has straightened its course through Ghunasuti, aban-
doning the left branch. One new channel has developed 
between Barchapari and Ayengia due to avulsion, aban-
doning the earlier channel (Figure 6  b). Another channel 
which was formed due to avulsion is seen in the satellite 
image of 1995 in the upper part of the river in Assam, 
where it abandoned the earlier channel near Hingurigaon 
and captured the Ghagar Nala near Bhimpara chapari to 
form a new channel (Figure 6  a). The satellite image of 
2002 shows that the river had already abandoned the right 
branch, making the left branch the only active channel.  
 The river had undergone major changes during the  
period from 1995 to 2004 to form the present channel 
pattern. The channel along the Ghagar had started to flow 
as the main channel of the Subansiri and straightened its 
course abandoning its original channel along the 
Ghunasuti. Presently, this channel usually disappears dur-
ing winter and gets activated with rising water during 
floods. The width of the channel through Ghagar is  
increasing year after year, eroding a large part of land 
along both banks of the river. The satellite images of con-
secutive years from 2002 to 2011 show the gradual shift-
ing of the bankline of the Subansiri river, where 
processes of erosion and aggradation through bar forma-
tion play the main role in bankline migration.  
 Figure 8 shows the overall shifting of the river towards 
west due to dominant erosion along the right bank and 
aggradation along the left bank during the period from 
1828 to 2011. Shifting due to erosion is highest in sec-
tions C (7894.61 m) and B (7190.14 m) along the right 
bank and shifting due to aggradation is highest in section 
B along the left bank (4267.11 m) of the Subansiri river.  
 Table 1 shows the variation of width of different 
branches/sub-channels of the Subansiri river at 30 differ-
ent positions of the 17 cross-sections. The channels along 
the eastern side of the river become narrower due to 
heavy siltation and are abandoned within a few years. 
However, the channels on the western side become wider 
with the passage of time and form the active channels of 
the Subansiri river. This process resulted in an overall 
shift of the river towards the west.  
 The present study highlights the overall migration pat-
tern of the Subansiri river due to alternate bar-induced 
shifting, neck cut-off, chute cut-off, meander shift and 
avulsion or rapid diversion. Development of anabranches 
is a characteristic feature of the Subansiri river. The river 
develops and abandons anabranches quite abruptly. 
Floods and erosion are the main driving forces for chan-
nel migration. Large discharge and heavy sediment load 
during floods cause the river to become extremely unsta-
ble because of which it consistently migrates laterally. 
From 1828 to 2011, a period of 184 years, the Subansiri 
river has been migrating from the eastern side towards 

the western side of the basin. This may be suggestive of a 
post-Pleistocene tilt in the basin that needs further stu-
dies14.  
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