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Large tropical rivers such as the Brahmaputra flow-
ing through tectonically active areas show highly  
variable bankline migration for the channel belt as a 
whole, as well as intra-bank, over different time win-
dows due to different but non-uniform forcings. Fast 
Fourier transform (FFT) can be applied to identify 
frequency (cycles per unit length) content of bankline 
migration, to classify the wavelengths of different 
forcings and subsequently to compare the relative in-
fluence of different forcings for the trend analysis of 
bankline shift and width variation. This helps expand 
the interpretative scope of dynamics of river systems 
and plan mitigation strategies.  
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THE upper reaches of the Brahmaputra River, from the 
1915 confluence of three great rivers, the Lohit, the  
Dibang and the Siang at Kobo, up to the Mikir hills SW 
of the Brahmaputra valley in Assam have witnessed some 
of the onset spectacular riverscape changes during the last 
century1–6. We have studied the stretch sandwiched  
between the NE–SW trending Himalayan Frontal Thrust 
(HFT) and the Naga Patkai Thrust (NPT) belt covering 
approximately 240  80 sq. km area (Figure 1). The study 
area was subdivided into three units: a newly formed 
river island (Dibru–Saikhoa Reserve Forest or ‘new  
Majuli’) bearing channel belt in the upstream side (unit 
1), the middle connecting link (unit 2) and the ‘old  
Majuli’ bearing belt in the downstream side (unit 3).  
 Our earlier works7,8 have documented at least five  
major changes of considerable geomorphological signifi-
cance in the Brahmaputra River channel during the period 
1915–2005. First, the average width of the channel belt 
changed from 9.74 km in 1915 to 11.65 km in 1975 (i.e. 
19.6% increase) and then further to 14.03 km in 2005 
(44% increase compared to 1915). Secondly, during the 
same period, the largest colonized river island, the  
Majuli, eroded alarmingly and its area changed from 
797.87 sq. km in 1915 to 640.5 sq. km in 1975 and then 
to 508.2 sq. km in 2005 – this means a reduction of 18.7% 
to 35.5% in terms of area compared to 1915. Thirdly, the 
Dibru–Saikhoa Reserve Forest, a hotspot of biodiversity, 
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Figure 1. a, A cartoon (not to scale) showing three major reaches of the Brahmaputra. b, Reach I, located in the upper Brahmaputra  
valley in Assam, is divided into three units. Unit 1 is from the old confluence of three rivers, the Lohit, the Dibang and the Siang to Dibru-
garh in the downstream direction. In recent times this unit experienced a large degree of bankline migration in the last one and half  
decades, a new island has also come up in this unit which earlier used to be the Dibru–Saikhoa Reserve Forest. Comparatively steady, Unit 
2 continues up to the upper tip of the Majuli Island. Unit 3 includes the Majuli Island and extends towards the Mikir hills.  

 
 
has become another Majuli-type relic island of approxi-
mately 300 sq. km area, which was earlier a part of the 
older floodplains of the south bank of the valley. 
Fourthly, the channel bar area with respect to channel 
area has generally been changing, suggesting variable 
channel aggradation/degradation during this period. 
Lastly, though the median position of the Brahmaputra 
River has not changed much during the period 1915–
2005, the thalweg of the channel belt (assuming the wid-
est channel in the planform represents the deepest) has 
gone through substantial change; in particular close to the 
lowermost part of the Majuli Island. A continuously 
westward migrating trend of the thalweg combined with 
the migration of the Subansiri River in the downstream 
direction in the western flank of Majuli, has accelerated 
the rate of erosion of the Island. These observations sug-
gest that the ‘controls’ of different orders are influencing 
the channel belt of the Brahmaputra River in multifarious 
ways.  
 This communication shows that bankline migration of 
the Brahmaputra River in its uppermost reaches in Assam 
has a strong correlation with the tilt of the basin.  
Secondly, plano-temporal width variation of the river is 

controlled by the bank migration characteristics, which in 
turn can be related to different orders of forcings. Al-
though the precise geomorphic manifestations of different 
forcings are not understood yet, we could identify differ-
ent orders of control by the application of fast Fourier 
transform (FFT) that gives a basis for the classification of 
controls on bankline migration and a means to compare 
the relative influence of these controls in reshaping the 
banklines.  
 Topographic maps (period 1912–1926; scale 1 : 253,440, 
that is, 1 inch = 4 miles and 1976; scale 1 : 250,000),  
satellite imageries (IRS-P6-LISS-3 images acquired on 
15 December 2005 with a spatial resolution of 23.5 m) 
and Shuttle Radar Topographic Mission (SRTM) data 
(spatial resolution 90 m and vertical resolution 1 m) were 
georeferenced and work was done in the GIS environ-
ment with intermittent field visits. Smaller second-order 
reaches (unit 1: 9, unit 2: 9 and unit 3: 19), each with a 
spacing of 4.5–9.0 km, were selected for comparing  
geomorphic parameters during different times.  
 Large river valleys in tectonically active areas often 
show basin asymmetry, and this is indicative of a distinct 
tendency of the valley tilt9 (Figure 2 a, modified from 
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Figure 2. a, Basin asymmetry factor modified from Keller and Pinter9. The model shows the nature of valley tilt as a result of tectonic control.  
b, Comparison of basin asymmetry and right bankline shift. The shaded area between the bankline shift during 1915–1975 and 1915–2005, shows 
the change that took place between 1975 and 2005. The pattern of the right bankline (north bank) shift is in conformity with the trend of basin 
asymmetry. c, Comparison of basin asymmetry and left bankline shift. The shaded area between the bankline shift during 1915–1975 and 1915–
2005, shows the change that took place between 1975 and 2005. The pattern of left bankline (south bank) shift is in partial conformity with the 
trend of basin asymmetry. EP, Erosion-prone bankline; MEP, Maximum erosion-prone bankline.  
 
 
Keller and Pinter9). In this scheme of basin asymmetry 
measurement, a value of 50 stands for perfect symmetry 
and hence no tilt. Basin asymmetry was computed for 37 
numbers of second-order reaches.  
 Since the median path of a valley-dividing channel is 
an established morpho-tectonic criteria9 for measuring 
valley asymmetry, and hence, the tilt direction of the  
valley, we extended this concept to bankline migration. 
Moreover, the Brahmaputra River in the study reach is 
quite wide, and the two banks are fed by tributaries from 
distinctly different hinterlands7. Consequently, the two 
banks of the Brahmaputra are likely to have differential 
influence of different types of forcings at different times. 
To identify the composition of different types of forcings 
on bankline migration, it is essential to know the fre-
quency content of bankline migration (discussed in detail 
later) for which FFT was applied in the DPlot software. 
The algorithm needs equal data spacing and the number 
of input points (N) in the input record should be a power 
of 2. The advantage of the software is that it directly  
accepts the data from the Excel worksheet.  

 The Brahmaputra River divides the upper reaches of 
the Brahmaputra valley asymmetrically with the overall 
basin asymmetry factor (BAF) of 59. The overall valley 
tilt is along the eastern Himalayan margin. However, 
mean basin asymmetry for different units shows different 
values with a fast decreasing trend from 72 to 62 and then 
to 52. For the three segments studied, the magnitude of 
asymmetry varies considerably (Figure 2 b and c). Maxi-
mum asymmetry (76) is observed in unit 1 and minimum 
asymmetry (38) in unit 3. A stretch of about 54 km,  
located mostly within unit 3 shows a value of <50 for 
asymmetry factor indicating dominant influence of the 
NPT compared to eastern HFT on the basin-scale tilting. 
The median path of the Brahmaputra River (excluding the 
Majuli Island) in the overall stretch is almost straight 
with slight temporal variation in sinuosity from 1.09 to 
1.1 in a span of 90 years (1915–2005). When we compare 
the differences in the bankline shift between the two  
periods 1915–1975 and 1915–2005 and thereby identify 
the erosion-prone (EP) zones with basin asymmetry, it  
is observed that the north bankline (right bank) shift 
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(Figure 2 b) is in conformity with the basin asymmetry. A 
positive excursion (bankline moving away from the  
median path of the channel belt) of the north bankline 
emphasizes a tilt towards the eastern Himalayan side of 
the basin, whereas negative excursion (bankline moving 
towards the median path of the channel belt) indicates a 
tilt towards the Naga Patkai side. On the contrary, a nega-
tive excursion for the south bankline should emphasize a 
tilt towards the eastern Himalayan side and positive  
excursion a tilt towards the Naga Patkai side. The pattern 
of left bankline (south bank) shift (Figure 2 c) is in partial 
conformity with the trend of basin asymmetry.  
 Even for drastic bankline migration, there may not be 
any significant width variation of the channel belt. How-
ever, for our specific study area, trend analysis of the 
width variation shows a distinct relationship with the  
nature of bankline migration of the channel belt (Figure 
3). Widening of unit 1 seems to be controlled by the 
south bankline shift (SBS), while that of unit 2 seems to 
be controlled by the north bankline shift (NBS). Unit 3 
presents a complex situation. First, there is a narrowing 
which is being controlled by the NBS followed by a 
stretch that practically shows no change. Further down-
stream, there is again a narrowing followed by widening, 
both controlled by the SBS. The north bank of the Brah-
maputra River which is closer to the eastern HFT should 
be more affected by the Himalayan thrust belt tectonics. 
As the mountain-fed Brahmaputra River is too wide in 
proportion to the width of the valley, the NPT belt,  
besides influence from the HFT, should also influence the 
south bank of the Brahmaputra channel belt. Thus,  
 
 
 

 
 
Figure 3. Relationship between bankline shift and width variation. 
Unit 1: widening is controlled by the south bankline shift. Unit 2:  
widening is controlled by the north bankline shift. Unit 3: Mixed nature 
of controls. 

bankline migration and width variation of the channel belt 
are affected by competing tectonics of the HFT and NPT. 
 Though the mathematical operation of FFT is usually 
meant for a transform of functions from time domain to 
frequency domain10,11, the same principle is applied here 
to replace discrete cumulative time by discrete cumula-
tive distance and the amplitude term is replaced by the 
magnitude of bankline shift (Ab). Thus, FFT will give a 
different kind of frequency content (cycles/unit length) of 
the bankline shift [B( f n)], which can provide us a scheme 
of classifying the nature of forcings in shaping the  
bankline (see Box 1).  
 
 

Box 1. Fast Fourier transform for computing the fre-
quency content of bankline migration.  
 
Given a variable function of amplitude of bankline  
migration with distance Ab(dk) with N consecutive 
sampled values, the fast Fourier transform implemen-
tation used by DPlot software for the present purpose, 
calculates the corresponding function in the frequency  
domain as  
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where dk = k, fn = 0 < K < 1/2,  the distance-
interval, 1/2 the maximum sampling frequency or 
twice the Nyquist frequency that can be reproduced 
without ‘aliasing’ and K the Intermediate frequencies 
between zero and the maximum.  

 
 

 
 
Figure 4. Replication of bankline migration as a cumulative effect of 
forcings of different order.  
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Figure 5. Fast Fourier transform of bankline shifts for the north and south banks during two different periods, 1915–1975 and 1975–2005. Pres-
ence of three classes of forcings having different wave bands is identified. Some of the prominent ‘peaks’ are also identified. It is observed that 
south bankline shifts during 1975–2005 are free from the forcings of class II.  
 
 
 Bankline migration of a river flowing over tectonically 
active landscape can be assumed to represent a superposi-
tion of forcings having different orders expressed in the 
form of sinusoidal waves of variable lengths and frequen-
cies (Figure 4). Thus, large-scale tectonic controls having 
regional dimension will represent long wavelength, low 
frequency waves. In case of a dominant control of local-
ized origin, the wavelength will be shorter and frequency 
will be higher.  
 Moreover, this helps to discriminate whether the prin-
cipal cause of change observed at a particular reach is the 
fallout of the local control or regional control. Addition-
ally, whether changes observed in the bankline shifts of 
two banks of a big river are caused due to the same forc-
ings or not can be compared. Figure 5 shows the results 
of FFT applied on bankline shift.  
 It is observed that the trend of bankline shift can be  
divided into at least three classes for the 240 km stretch 

of the Brahmaputra channel belt in the upper reaches of 
the river system for the period 1915–2005. Class I repre-
sents the short wavelength ( = (1/f ), f is cycles/unit 
length) and high frequency forcings with wavelengths 
equal to or less than 15 km. These are responsible for 
bankline shift of the order of less than or equal to 300 m. 
Class II represents the medium wavelength forcings with 
wavelengths greater than 15 km and less than or equal to 
51 km. These are responsible for the bankline shifts of 
the order of greater than 300 m and lesser than or equal to 
870 m. Class III represents the long wavelength and low 
frequency forcings with wavelengths greater than 51 km 
and less than 260 km. These are responsible for the bank-
line shifts greater than 870 m and less than or equal to 
2570 m. 
 Based on our understanding of the fluvial processes in 
the region7,8, we propose the following scenarios to  
represent these classes. 
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 Class I: Changing thalweg or shifting of the widest 
channel within the channel belt; second-order variability 
in the channel aggradation/degradation sites.  
 Class II: Advancing blind faults of local as well as  
regional proportion from the frontal thrust belts of 
orogeny towards the valley.  
 Class III: Co-seismic subsidence of some of the first-
order morpho-tectonic zones of depression and effective 
change in the overall valley tilt.  
 A significant difference is observed in the frequency 
content of the bankline shift of the north and south banks 
in the upper reaches of the Brahmaputra River. Some of 
the prominent peaks are shown for both the north and 
south bankline shifts (Figure 5). The study shows that the 
south bankline migration during 1915–1975 has a greater 
presence of class I frequency content (  15 km and 
bankline migration  300 m) and a sharp peak of class III 
event ( = 256 km and bankline migration greater than 
1.5 km). The situation remains more or less similar dur-
ing 1975–2005 with a difference in the class II forcings, 
which shows that the number of peaks reduces from 6 to 
2. On the other hand, the north bankline migration shows 
the presence of all three classes of forcings and there is a 
remarkable temporal consistency for both the periods 
considered in the present discussion. We therefore sug-
gest that the eastern Himalayan frontal thrust is influenc-
ing the migration characteristics of the north bankline of 
the Brahmaputra channel belt consistently at a decadal 
scale. However, this is not so prominent for the south 
bankline migration. For the south bankline migration  
during the period 1915–2005, the first-order morpho-
tectonic subsidence seems to be playing a more dominant 
role.  
 Riverscape variability in tectonically active foreland 
basins can be fast enough to be observed by decadal-scale 
monitoring through maps and satellite imageries. Besides 
documenting the changes in various geomorphologic  
parameters, it has become important to quantify and  
understand the mechanisms, the nature of ‘controls’ and 
the relative importance of different ‘controls’ in different 
reaches of the river systems. This can help develop pre-
dictive models of river dynamics, landform evolution and 
sediment budgeting in smaller reaches. A multidiscipli-
nary approach that includes application of FFT for the 
trend analysis of the bankline migration was used in the 
upper reaches of the Brahmaputra channel belt in Assam. 
It was observed that the nature of valley tilt and bankline 
migration had a definite correlation. Width variation of 
the channel belt shows a distinct correlation with the  
nature of bankline migration. The frequency content of 
the north bankline shift shows a temporal consistency  
between two periods 1915–1975 and 1975–2005 respec-
tively indicating unchanging characteristics of different 
classes of forcings. During the same period, the south 
bankline of the Brahmaputra channel belt shows a signi-
ficant change in the frequency content of the three classes 

of forcings, which is probably due to the increasing influ-
ence of the first-order morphotectonic changes related to 
co-seismic–interseismic structural readjustments in the 
foreland areas of the valley.  
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