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Chapter 2: Hydro-geomorphic characterization of Manas-Beki river basin 

2.1 Introduction 

Hydrogeomorphic characterization is the quantitative description of a drainage basin which can 

be correlated to the hydrologic response of a basin [1]. Fluvial processes and channel planform 

develop gradually through time adjusting themselves towards self-stabilization [2]. River 

systems are highly sensitive to changes in the hydrological regime altering the geomorphic 

processes and leading consequently to geomorphic hazards, particularly in areas of high energy 

environment such as the Manas-Beki river basin [3, 4, 5]. Analysis of the basin morphometric 

parameters and fluvial dynamics can be effective knowledge base to understand geomorphic 

responses to natural and anthropogenic changes [6, 7]. The scope of this chapter includes the 

following aspects of the Manas-Beki river basin: 

i. Morphometric analysis of the Manas-Beki river basin including the basin form, 

linear, areal, and relief aspects. 

ii. Analysis of channel and planform changes in the floodplain stretch of the Manas-

Beki river from 1990 to 2020. This includes: 

a. Changes in sinuosity and braiding intensity 

b. Channel change analysis 

c. Spatial variations in erosion and deposition due to channel shifts  

Morphometric analysis is the measurable description of a drainage basin and can be grouped 

into linear aspects of the channel network, areal aspects of the drainage basin, relief aspects of 

the channel system, and basin form [8]. Morphometric analysis has been widely used to 

understand landscape development and relations between landforms and processes [9, 10, 11]. 

Morphometric parameters of a river basin give an understanding of how the basin responds to 

changes in streamflow and is crucial information for hazard analysis especially floods and 

landslides [1, 12-14]. Drainage basin morphometry is vital information to understand the 

hydro-geomorphic response of the drainage basin to changes in the climate [15-19] and the use 

of satellite images, DEM, and Geographical Information System (GIS) has proved to be the 

easiest and most reliable method for faster and more accurate quantitative estimation of 

drainage basin parameters widely used over the years by researchers worldwide [20-27]. 

Rivers change frequently with respect to the streamflow and sediment flow owing to changes 

in the environment either naturally or due to anthropogenic causes [2]. These changes are 

evident through changes in the spatial representation of the channel [28]. Channel changes may 
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occur in various ways like alteration of the direction of flow due to neck cut-off, widening of 

the channel in response to bar development, development of anabranches as well as progressive 

shifting of meander bends [29]. Analysis of channel changes has been undertaken by many 

researchers over the last few decades, especially with the use of RS and GIS techniques [30-

38]. Channel dynamics studies have been primarily executed to support solving the issues 

related to river management and riverine hazards such as floods and erosion in the downstream 

regions where the topography is relatively flat, and rivers interact with the human environment 

[39-45]. The Himalayan rivers are observed to be changing rapidly over the years largely 

attributed to the changes in sediment flow [46] and observed changes in climate coupled with 

human interferences of the natural environment [47-52].  

Apart from morphometric parameters, analysis of channel morphology and planform changes 

are crucial to understand the hydro-geomorphic implications of climate change. Analysis of the 

channel dynamics of the tributaries of the Brahmaputra river revealed the entire basin as an 

active zone for fluvial processes and further studies to examine the changes more closely for 

individual tributaries were suggested [46, 53]. This objective aims to develop the effective 

baseline information for the Manas-Beki river basin including the basin morphometry and 

morphological changes of the channel in the floodplains. 

2.2 Data and Methods 

2.2.1 Data and resources used 

Morphometric analysis and analysis of channel planform changes were carried out using RS 

and GIS techniques. Satellite data processing and digital analyses were carried out using the 

ERDAS Imagine software and all geospatial analyses were carried out using ArcGIS software. 

Various geospatial data were used as required for carrying out the research work, the details of 

which is presented in Table 2.1. For morphometric analysis, Survey of India (SOI) 

topographical maps and Landsat satellite images of 30 m spatial resolution obtained from 

NASA’s Earth Explorer data portal, were utilized along with Shuttle Radar Topography 

Mission (SRTM) DEM of 30 m spatial resolution obtained from United States Geological 

Survey (USGS). To ensure the recent structure of the streams and identify smaller streams, 

high-resolution LISS-IV (Linear Imaging Self Scanning Sensor) satellite images of 5.6 m 

spatial resolution for the study area procured from National Remote Sensing Centre (NRSC) 

were utilized.  
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Table 2.1 Details of data used for hydrogeomorphic characterization of Manas-Beki river basin 

Dataset Resolution/ scale Sources Year 

Topographical maps 1:50000 SOI Surveyed between 1958-89 

LISS IV images 5.8 m  NRSC 2016 

SRTM DEM 30 m USGS 2015 

Landsat images 30 m NASA 1990, 2000, 2010, 2020 

Sentinel-2 images 10 m ESA 2020 

For analyzing the channel changes, Landsat satellite images of four different periods were used: 

1990, 2000, 2010, and 2020. Images were selected for the months of November or December 

for all the years to maintain the same season data over the years as cloud-free images are only 

found over the study area after the monsoon season which extends from the months of June to 

October.  

2.2.2 Methodology 

The overall methodology used for hydrogeomorphic characterization of the Manas-Beki river 

basin is given in Figure 2.1. Geospatial analytics and tools were used to accomplish the 

outcomes of the first objective. The detailed methods used for specific analyses are outlined in 

the following sub-sections. 

Morphometric analysis 

Drainage basin boundaries and identification of streams within the basin are required for the 

morphometric analysis. The streams in the hilly upper catchment were extracted from the 

SRTM DEM in a GIS environment. Delineation of streams in the almost flat floodplain areas 

was completed using SOI topographical maps and to ensure the recent structure, high-

resolution LISS-IV satellite data was used, as the tributaries of Brahmaputra change their 

courses in the plains very frequently. Some of the complex interconnecting streams were 

simplified as a compulsion to meet the current stream classification methods. The drainage 

basin boundary was delineated with the help of contours and ends of the identified streams. 

Basic parameters of basin form including basin area, perimeter, basin length, minimum and 

maximum basin height were calculated using GIS software from the delineated basin and 

stream boundaries and elevation information from DEM. 
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Figure 2.1 The schema of methodology used for hydrogeomorphic characterization of 

Manas-Beki river basin 

The morphometric parameters including the measurements related to the linear, areal, and relief 

aspects of the basin were calculated using established mathematical expressions. The 

parameters included in this study and the expressions used for estimating the parameters are 

presented in Table 2.2. 

Table 2.2 Morphometric parameters and their mathematical expressions 

Morphometric 

Parameters 

Methodologies Source Where, Lu = Total 

stream length of 

order u 

Nu = Total number of 

streams of order u  

Nu+1= Total number 

of stream of next 

higher order 

ALu = Average 

length of streams of 

order u 

Linear aspects 

Stream order --- Strahler; Sah and 

Das [54, 55] 

Stream length (Lu) --- Horton [56] 

Mean stream length (Lsm) Lsm = Lu/ Nu Strahler [54] 

Stream length ratio (Rl) Rl= ALu/ALu-1 Horton [56] 

Bifurcation ratio (Rb) Rb = Nu/ Nu+1 Horton [8] 

Rho co-efficient (ρ) RHO = Rl/Rb Horton [56] 

Areal aspects 



Chapter 2 | Hydro-geomorphic characterization 

 

18 
 

Drainage density (Dd) Dd = L/A Horton [56] ALu-1 = Average 

length of streams of 

next lower order 

L = Total length of 

streams 

A = Area of basin 

N = Total number of 

streams 

P = Perimeter of 

basin 

Lb = basin Length 

H = Highest basin 

height 

h = Lowest basin 

height 

Stream frequency (Fs) Fs = N/A Horton [8] 

Drainage texture (Rt) T = Dd* Fs Smith [57] 

Form factor (Rf) Rf = A/Lb2 Horton [8] 

Elongation ratio (Re) Re = 1.128*A1/2/Lb Schumm [58] 

Circulatory ratio (Rc) Rc = 4πA/P2 Miller [59] 

Relief aspect 

Relief ratio (Rr) Rr = H-h/Lb Schumm [58] 

Channel change analysis 

Channel changes were analyzed for the downstream reach in the floodplains of Assam. For 

assessing channel and planform changes the entire channel length, from the confluence of 

Mangde and Manas slightly upstream of Mathanguri, up to the confluence point of Manas-Beki 

with the Brahmaputra river, was divided into reaches, and cross-sections were generated at 

every 5 km channel length (Figure 2.2). Actual channel paths comprising the river thalweg, left 

and right banks were extracted for 1990, 2000, 2010, and 2020 from satellite images which 

were orthorectified images of the post-monsoon period enabling the comparison between 

different years. The channel reach of 2020 was used to generate the 5 km reaches which were 

named alphabetically as A to T from upstream to downstream for the Manas main channel and 

A/ to H/ for the Beki sub-section which separates after Mathanguri and joins into Manas at the 

NH crossing downstream. 

Errors in river planform analysis using satellite data includes the referencing error and error 

due to digitization. The error due to georeferencing is minimal as orthorectified images of same 

spatial resolution were used with high accuracy levels. Uncertainty in manual extraction of 

streamlines from satellite data was attributed by quantifying the shift between repeat 

extractions of a 30 km length of the river based on Gurnell [28].  
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Sinuosity, braiding, channel width, 

channel migration, erosion, and 

accretion were the parameters 

associated with channel and 

planform changes and were 

assessed at each equidistant section 

of the river for every year of 

analysis.  

The sinuosity of a river is measured 

as the ratio of channel length to 

valley length. Mathematically, 

Sinuosity, S= l/ L where, l = actual 

path length and L = the shortest path 

length [60]. For braiding analysis, 

total sinuosity and channel count 

index were estimated. The total 

sinuosity is the sum of the mid-

channel lengths of all the segments 

in a channel reach, divided by the 

length of the main channel [61]. 

The channel count index is a count 

of the mean number of channel 

links per cross-section for a given 

reach [62].  

Channel width and channel 

migration were estimated from 

overlay analysis of the bank lines and 

river thalweg extracted for four different time periods using geospatial tools. Shift in thalweg, 

bank lines, and channel width was estimated at each cross-section at the end of every 5 km 

reach. The areas affected by channel migration resulting in erosion and deposition were 

estimated for each equidistant 5 km reach by overlaying the bank lines for each year of analysis 

in GIS software. 

Figure 2.2 Cross-sections and reaches identified for 

change analysis in Manas-Beki river 
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2.3 Results 

2.3.1 Morphometric analysis 

The drainage basin and streams were extracted from SOI toposheets, satellite images, and DEM 

(Figure 2.3) and basic parameters which are the major inputs for morphometric analysis 

including area, perimeter, and length of the basin; total number and length of streams; and 

minimum and maximum basin height were estimated.  The hypsometric curve which is a 

representation of the area within each elevation range of the basin is given in Figure 2.4.  

The area of Manas-Beki river basin is estimated to be approximately 32,093 km2 with a 

perimeter of 1077 km and a basin length of 301 km. As far as the topographic distribution is 

concerned, Manas originates in the Tibetan plateau, cuts through the greater Himalayas, and 

flows through the lesser Himalayas to descend into the Indian plains. The lowest basin height 

is observed to be around 30 m a.m.s.l in the floodplains and the highest is observed to be 7522 

m in the greater Himalayas. 

Linear aspects 

Stream order, mean stream length, stream length ratio (Rl), bifurcation ratio (Rb), and Rho co-

efficient (ρ) are included in the linear aspects of morphometry. The values derived from 

morphometric analysis using the established mathematical expressions are presented in Table 

2.3.  
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Figure 2.3 Basin boundary and delineated 

streams of Manas-Beki river basin 

Figure 2.4 Hypsometry of Manas-Beki river 

system 
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Table 2.3 Linear aspect of Manas-Beki river basin  

Linear parameters Values estimated 

Stream order 10 

Mean stream length (Lsm) 0.56 km (±0.0001)* 

Stream length ratio (Rl) 1.86 

Bifurcation ratio (Rb) 3.97 

Rho co-efficient (ρ) 0.47 

*Digitization error (quantifies uncertainty in manual extraction) 

It is observed that Manas-Beki is a 10th order basin with 213145 streams, out of which 161385 

are of the first order which is more than 75% of the total number of streams. The total length 

of streams is 20747 km and the mean stream length is 0.56 km. Rl is the ratio between the mean 

lengths of streams in each order to the mean length of streams in the next lower order. Rl 

between successive stream orders of Manas-Beki is found to have low variations with a mean 

value of 1.86. Rb is an index of relief and dissections. It is an important parameter that 

expresses the degree of ramification of the drainage network. Strahler demonstrated that Rb 

shows only a small variation for different regions in different environments except where 

powerful geological control dominates [63]. The Rb for Manas-Beki river basin ranges from 

1.7 to 4.9 for different order streams with an average of 3.97. This indicates very less to no 

geological control on the drainage development of the study basins. ρ-co-efficient is influenced 

by climatic, geologic, biologic, geomorphologic, and anthropogenic factors. The higher value 

of ρ indicates a greater length of larger stream channels, which may afford increased channel  

water capacity as compared to a drainage basin with the same drainage density and a lower 

value of ρ [56]. The ρ value of 0.47 for Manas-Beki indicates a moderate water storage 

potential. 

Areal aspects  

Areal aspects include drainage density (Dd), stream frequency (Fs), drainage texture (Rt), form 

factor (Rf), elongation ratio (Re), and circulatory ratio (Rc). The values of these parameters for 

the Manas-Beki river basin are presented in Table 2.4.  

Dd is a result of interacting factors controlling the surface runoff and is a component 

influencing the output of water and sediment from the drainage basin [12]. Dd also gives an 

idea about the physical properties of the underlying rock of a basin. The drainage network of 

the basin (Figure 2.3) shows that Dd varies significantly within the basin. Dd is much lower in 
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the foothill and adjoining plains. Changes in slope, dense vegetation cover, and permeability 

difference play a key role in Dd variation as the upper hill is less permeable than the lower 

alluvial plains.  

Table 2.4 Areal parameters of Manas-Beki river basin  

Areal parameters Values estimated 

Drainage density (Dd) 3.71 (±0.0008)* 

Stream frequency (Fs) 6.64 

Drainage texture (Rt) 24.66 (±0.006)* 

Form factor (Rf) 0.35 

Elongation ratio (Re) 0.67 

Circulatory ratio (Rc) 0.34 

*Digitization error (quantifies uncertainty in manual extraction) 

Fs is another parameter that is mainly dependent on the lithology of the basin and reflects the 

texture of the drainage network [64]. Fs is calculated as 6.6 for the Manas-Beki basin which 

makes the basin moderately sensitive to changes in overland flow. Again, the difference in 

drainage density between the hilly catchment and plains indicates that though runoff will be 

quickly transported through the hills, the low stream frequency and low slope in the plains will 

result in flooding. 

Rt is the product of drainage density and stream frequency, and it depends on factors such as 

climate, rainfall, vegetation, rock, soil type, infiltration capacity, relief, and stage of 

development of a basin [57]. Rt value of the Manas-Beki river basin estimated to be 24.66 can 

be categorized as ultra-fine drainage texture. Rt represents the relative spacing between 

channels and the value is different for the hilly region and the plains which has much bigger 

spacing suggesting higher overland flow. 

Shape factor for a basin is important to understand flood discharge in time and space. It includes 

Rf, Re, and Rc. Rf value indicates the flow intensity of a basin of a defined area and is defined 

as the ratio of basin area to the square of basin length [56]. The value for a perfectly round 

basin is 0.75. The Rf value for Manas-Beki basin is 0.35 indicating a moderately elongated 

basin with lower peak flows of longer duration than average. Re is another shape parameter 

that is defined as the ratio between the diameter of the circle of the same area as the drainage 

basin and the maximum length of the basin [58]. Depending on the Re value, basins are 
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generally grouped into 3 categories- circular (>0.9), oval (0.9 to 0.8), and less elongated (<0.7). 

The value of Re for Manas-Beki river basin is 0.67 which indicates the less elongated nature 

of the basin. Re values in the range of 0.6–0.8 are usually associated with high relief and steep 

ground slopes [54]. Rc is defined as the ratio of the basin area to the area of a circle having the 

same circumference as the perimeter of the basin [59]. It is influenced by the length and 

frequency of streams, geological structures, land use/land cover, climate, relief, and slope of 

the basin. Low, medium, and high values of Rc indicate the young, mature, and old stages of 

the life cycle of a watershed [64]. Rc of the Manas-Beki river basin is estimated to be 0.34 

indicating a less circular basin and is suggestive of being in the youthful stage of topographical 

maturity. 

Relief aspects 

The slope of a basin influences the morphometric as well as hydrogeomorphic characteristics 

of a basin. It affects the runoff, recharge, and movement of surface water [65] and also 

determines the drainage pattern of a basin [66, 67]. The slope of the basin has been categorized 

into 5 classes: level (00–100), gentle (100–200), moderate (200 – 300), steep (300 – 450), and 

very steep slope (>450). For the Manas-Beki basin, the slope varies from level to gentle in the 

plains whereas moderate to very steep in the hills (Figure 2.5). Around 60% of the basin has 

moderate to very steep slopes and 18% 

of the basin comprises of level slope of 

less than 100.  

The other factor representing the 

steepness of terrain is the relief ratio 

(Rr). It is the dimensionless height-

length ratio defined as the ratio of the 

difference in height between the highest 

and the lowest points to the basin 

perimeter [60]. It gives an indication of 

the intensity of the erosion process 

operating on the slopes of the basin 

[64]. Rr of the Manas-Beki basin is 0.02 

indicating the basin has a moderate 

discharge capacity. The plain of the 

basin generally has a gentle slope. The 

Figure 2.5 Distribution of different slope classes 

in Manas-Beki river basin 
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low gradient makes the river water spread for a long time over the surface before it gets drained 

out to the nearest channel causing prolonged flood events. However, in the upper portion, the 

steep slope favours very high erosion and sediment transport.  

2.3.2 Channel and planform changes 

The river reach from the Indo-Bhutan border to the confluence with the Brahmaputra can be 

distinctly identified in two different zones (Figure 2.6): the zone above the National Highway 

(NH) crossing and the zone below it.  
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Figure 2.6(a) Landsat satellite images showing the foothills region of the Manas-Beki river 

Figure 2.6(b) Landsat satellite images showing the confluence region of the Manas-Beki river 
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2.3.2.1 Sinuosity and braiding intensity 

Sinuosity changes 

Channel patterns in plains can be studied through various parameters, and channel sinuosity is 

one of the measurements of the intensity of channel meanders [60]. Sinuosity was calculated 

for the divided 5 km reaches of the Manas-Beki river in 1990, 2000, 2010, and 2020. The 

estimated values for each reach are given in Table 2.5 and the overall changes in sinuosity 

values for the entire stretch are given in Figure 2.7. Figure 2.8(a) and 2.8(b) show the sinuosity 

values for each reach in Manas main channel and Beki sub-section respectively. 

Table 2.5 Sinuosity values estimated for floodplain reach of Manas-Beki river, 1990-2020 

Reach ID 
Sinuosity Index 

1990 2000 2010 2020 

A 1.49 1.45 1.49 1.47 

B 1.73 1.73 1.63 1.64 

C 1.18 1.07 1.12 1.11 

D 1.09 1.14 1.17 1.18 

E 1.14 1.11 1.06 1.12 

F 1.12 1.20 1.15 1.10 

G 1.16 1.27 1.28 1.38 

H 1.21 1.15 1.07 1.10 

Reach ID 
Sinuosity Index 

1990 2000 2010 2020 

I 1.12 1.15 1.20 1.22 

J 1.14 1.27 1.14 1.07 

K 1.08 1.13 1.14 1.16 

L 1.44 1.17 1.20 1.25 

M 1.15 1.14 1.30 1.37 

N 1.12 1.20 1.11 1.10 

O 1.16 1.23 1.16 1.30 

P 1.74 1.18 1.10 1.20 

Q 2.22 1.13 1.80 1.10 

R 1.49 1.13 1.25 1.19 

S 1.20 1.20 1.11 1.17 

T 1.09 1.12 1.06 1.11 

U 
 

1.19 1.03 
 

A' 1.26 1.18 1.16 1.29 

B' 1.24 1.22 1.25 1.16 

C' 1.10 1.14 1.20 1.19 

D' 1.25 1.14 1.06 1.11 

E' 1.18 1.28 1.22 1.36 

F' 1.19 1.13 1.11 1.18 

G' 1.36 1.31 1.10 1.07 

H' 1.15 1.24 1.18 1.13 

Overall* 1.416 1.407 1.400 1.399 

(*Uncertainty = ±0.00033) 
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The overall sinuosity of 

the Manas-Beki river in 

the floodplain area is 

decreasing from 1990 to 

2020. A slight decrease in 

the sinuosity indicates a 

gradual straightening over 

the years but the values 

remain less than 1.5. The 

sinuosity value ranging 

between 1 to 1.5 indicate 

an immature river with very 

high eroding potential and a 

value greater than 1.5 indicate a mature river with high depositional potential [68]. The 

sinuosity of Manas–Beki suggests that this system has high erosional potential. On analysis of 

the values for individual 5 km reaches, it is observed that sinuosity is slightly higher before the 

river reaches the floodplain region and before the mouth. In other reaches the sinuosity is highly 

variable but exhibits no noticeable trend and remains mostly between 1.1 and 1.3. 

 

 

 

Figure 2.7 Sinuosity values from 1990 to 2020 for the 

floodplain reach of Manas-Beki river 
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Figure 2.8(a) Sinuosity values from 1990 to 2020 for the Manas main channel 
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Changes in braiding intensity 

Two commonly applied indices to measure the braiding intensity of a river, total sinuosity and 

channel count index [68], were also calculated for the selected lower reach of the Manas-Beki 

river. The total sinuosity is the sum of the mid-channel lengths of all the segments in a channel 

reach, divided by the length of the main channel [61]. For non-braided rivers, the total sinuosity 

will be 1 which is the lowest possible value. Higher values denote high braiding intensity. The 

values of total sinuosity were calculated for 1990, 2000, 2010, and 2020 for every 5 km reach 

of the floodplain stretch of the Manas-Beki river. The estimated values are presented in Table 

2.6 for each reach and 

Figure 2.9 shows the 

overall change in total 

sinuosity values for the 

entire floodplain stretch as 

well as Manas main 

channel and the Beki sub-

section. The individual 

values for each reach of 

Manas main channel are 

shown in Figure 2.10(a) 

and for the Beki subsection 

in Figure 2.10(b). 
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Table 2.6 Total sinuosity values estimated for floodplain reach of Manas-Beki river, 1990-

2020 

Reach ID 
Total Sinuosity 

1990 2000 2010 2020 

A 1.00 1.00 1.00 1.00 

B 1.00 1.00 1.00 1.00 

C 5.73 5.81 3.21 3.83 

D 10.32 7.66 6.04 4.46 

E 8.13 8.60 3.39 2.39 

F 7.62 6.37 4.51 3.85 

G 3.80 4.79 4.56 1.80 

H 12.05 8.61 3.30 1.40 

I 2.82 3.71 1.61 1.14 

J 2.30 3.73 1.87 1.58 

K 6.01 4.75 5.53 4.66 

L 4.01 6.49 3.32 5.17 

M 4.20 6.21 3.47 4.39 

N 4.17 4.69 3.45 4.24 

O 3.02 4.97 2.71 2.67 

P 1.59 2.55 2.23 1.81 

Q 1.32 1.89 4.43 3.67 

R 1.91 3.31 2.37 2.33 

S 1.60 2.45 4.20 2.01 

T 2.39 2.54 4.78 1.50 

U  2.03 1.64  

A' 1.02 3.58 5.95 6.81 

B' 1.48 3.85 8.15 6.96 

C' 2.63 7.05 4.82 7.90 

D' 1.63 3.04 6.52 6.50 

E' 2.05 3.09 5.56 5.88 

F' 2.48 3.61 6.25 5.84 

G' 1.91 2.30 2.48 2.83 

H' 2.92 1.85 1.93 3.76 

Overall 3.61 4.19 3.80 3.62 

Manas 1.10 4.51 3.30 2.77 

Beki 2.02 3.61 5.38 5.83 
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The total sinuosity increases from 1990 to 2000 after which it decreases to 2020 for the entire 

floodplain stretch. The values increase initially between 1990 to 2000 and then decrease from 

2000 to 2020 for the Manas main channel but the Beki sub-section shows an increase over the 

years. On analysis of the individual values for each 5 km reach, it is observed that the total 

sinuosity decrease for the Manas main channel and increase for the left bank anabranch till the 

NH crossing, after which no significant trend is observed over the years on the downstream 

reaches till the Brahmaputra confluence. 

Figure 2.10(b) Total sinuosity values from 1990 to 2020 for the Beki sub-section 
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Figure 2.10(a) Total sinuosity values from 1990 to 2020 for the Manas main channel 
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The channel count index is a count of the mean number of channel links per cross-section for 

a given reach and is calculated for each cross-section generated at every 5 km downstream for 

the floodplain stretch of the Manas-Beki. The cross-sections are named similarly as the reaches 

were named. High values of channel count index signify higher braiding intensity. The 

estimated channel count index values are presented in Table 2.7 for each cross-section, and 

Figure 2.11 shows the overall change in the values for the entire floodplain stretch, Manas main 

channel and the Beki sub-section. The individual values for each cross-section of Manas main 

channel are shown in Figure 2.12(a) and for Beki subsection in Figure 2.12(b).  

The channel count index 

increases from 1990 to 

2000 after which it 

decreases to 2020 as also 

observed for total 

sinuosity. When the sub-

sections are separately 

analyzed, it is observed 

that channel count 

decreases gradually for the 

main channel while it 

increases for the Beki sub-

section. The change in channel count does not have any specific trend downstream of the road 

crossing similar to the observations of total sinuosity. 

Table 2.7 Channel count index for floodplain reach of Manas-Beki river, 1990-2020 

XS ID 
Channel Count Index 

1990 2000 2010 2020 

A 1 1 1 1 

B 3 2 3 3 

C 7 10 4 4 

D 13 8 5 4 

E 9 7 3 2 

F 4 4 4 4 

G 13 10 6 1 

H 3 6 1 2 

I 3 3 3 2 

J 1 1 7 3 

Figure 2.11 Changes in values of channel count index in 

Manas-Beki basin from 1990 to 2020 
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K 5 7 4 5 

L 5 7 3 6 

M 6 7 4 6 

N 4 5 3 3 

O 2 3 4 2 

P 2 2 2 2 

Q 2 1 4 3 

R 3 3 4 1 

S 2 1 6 5 

T  3 3  

A' 1 4 7 10 

B' 1 6 8 5 

C' 3 4 7 9 

D' 1 2 5 5 

E' 1 6 9 10 

F' 3 2 3 4 

G' 2 2 3 2 

Overall 3.85 4.33 4.30 4.00 

Manas 4.63 4.55 3.70 3.11 

Beki 1.71 3.71 6.00 6.43 
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Figure 2.12(a) Channel count index values from 1990 to 2020 for the Manas main channel 
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2.3.2.2 Channel change analysis 

Thalweg shift 

The river thalweg is the continuous line depicting the deepest course of a river. The river 

thalwegs were identified from the satellite images of 1990, 2000, 2010, and 2020. The shift 

during each time period was estimated at each of the identified 24 cross-sections in the 

floodplain stretch of the Manas-Beki river. Figure 2.13(a) shows the map of thalwegs of the 

Manas-Beki river for the reach from Mathanguri to NH crossing and Figure 2.13(b) shows the 

thalwegs from NH crossing to the Brahmaputra confluence for the different time periods of 

analysis. 

The most significant change in river thalweg is the shift between 2000 and 2010 from the right 

bank (Manas) anabranch to the left bank (Beki) anabranch before meeting at the NH crossing 

downstream. Since the deepest course of the river shifted from the right bank anabranch to the 

left bank anabranch between 2000 and 2010, the thalweg was not extracted for the years 2010 

and 2020 for the right bank anabranch. The magnitude of maximum shift at each cross-section, 

along with the direction of change for the periods 1990-2000, 2000-2010, and 2010-2020, has 

been estimated (Table 2.8). The nature of changes and the spatial pattern are depicted in Figure 

2.14(a) and 2.14(b) for Manas main channel and Beki sub-section respectively. Eastward shift 

towards the left bank is indicated in positive and westward shift towards the right bank in 

negative values. 
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Figure 2.12(b) Channel count index values from 1990 to 2020 for the Beki sub-section 
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The values of thalweg shift are not available for cross-sections B to I for 2000-2010 and 2010-

2020 as these cross-sections represent the Manas main channel anabranch in the right bank. 

The values are mostly negative for the cross-sections in the right bank anabranch (Manas) and 

positive for the left bank anabranch (Beki) indicating a shift of the thalweg towards the left 

over the years for the reaches upstream of the NH crossing. In the downstream region, the shift 

is highly erratic with the thalweg shifting erratically between left and right. The maximum 

overall shift between 1990 and 2020 is more than 2 km in the downstream reach. 

Table 2.8 Thalweg shift between 1990 to 2020 for the Manas-Beki river 

XS 

ID 

Thalweg shift (m) 

1990-2000 2000-2010 2010-2020 Overall (1990-2020) 

A -7.21 14.30 -2.99 4.10 

B 15.08 
  

15.08 

C -582.57 
  

-582.57 

D 245.37 
  

245.37 

E 18.05 
  

18.05 

F -298.53 
  

-298.53 

Figure 2.13 River thalwegs from 1990 to 2020 for the (a) upstream reach of NH crossing, and 

(b) downstream of NH crossing 
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G -532.28 
  

-532.28 

H -258.77 
  

-258.77 

I 8.60 
  

8.60 

J 597.79 -257.36 79.10 419.52 

K 299.36 696.15 -555.26 440.24 

L -800.86 -812.97 1031.13 -582.70 

M 535.99 362.33 -464.14 434.17 

N 891.66 1286.25 14.43 2192.34 

O 1814.17 -1913.78 1057.68 958.07 

P 1077.00 -985.68 778.38 869.70 

Q -1468.54 -793.83 1827.81 -434.56 

R 304.90 -108.97 134.14 330.08 

S 
 

1650.18 -1442.16 208.02 

A' -29.76 -91.21 932.00 811.04 

B' -164.84 433.69 277.22 546.07 

C' 294.02 -997.67 89.21 -614.44 

D' -109.26 -309.45 687.10 268.38 

E' -16.17 210.61 664.43 858.87 

F' -12.87 -626.15 611.30 -27.71 

G' -117.80 -260.02 11.51 -366.31 
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Figure 2.14(a) Thalweg shifts at each cross-section of main channel Manas (Eastward shift 

towards the left bank is indicated in positive and westward shift towards the right bank in 

negative values) 
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Bank line shift 

The river bank lines for the left and right banks were identified from the satellite images of 

1990, 2000, 2010 and 2020. Figure 2.15(a) shows the map of identified bank lines of the 

Manas-Beki river for the reach from Mathanguri to NH crossing and Figure 2.15(b) shows the 

bank lines from NH crossing to Brahmaputra confluence for the different time periods of 

analysis. The shift in the left bank and right bank during each time period (1990-2020) was 

estimated at each of the identified 24 cross-sections in the floodplain stretch of the Manas-Beki 

river. The magnitude of maximum shift at each cross-section, for the periods 1990-2000, 2000-

2010, 2010-2020, and overall change from 1990-2020 has been estimated, and the values of 

the shift are presented in Table 2.9. The values are taken as positive for an outward shift of 

bank lines, i.e., right bank shift towards the west and the left bank shift towards the east, 

whereas the values are taken as negative for an inward shift of bank lines, i.e., when the right 

bank shift towards the east and left bank towards the west. This is done as an attempt to portray 

the narrowing or widening of rivers taking place at different times and places. The changes in 

the left bank of the Manas-Beki river are depicted in Figures 2.16(a) and 2.16(b) for Manas 

main channel and Beki sub-section respectively. It is observed that between 1990 and 2020, 

the largest shift in the left bank has been in the downstream region in the order of more than 2 

km outwards. In the Beki anabranch sections, the shift is mostly outwards ranging from 130 m 

to about 1.25 km.  For the Manas anabranch reach, the shift is inwards near the point where the 

anabranches join above the NH crossing.  
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Figure 2.14(b) Thalweg shifts at each cross-section of the Beki sub-section (Eastward shift 

towards the left bank is indicated in positive and westward shift towards the right bank in 

negative values) 
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Changes downstream of NH crossing are observed between 1990 and 2000 whereas changes 

in the Beki anabranch (upstream of NH crossing) are mostly between 2000-2010 and 2010-

2020 showing recent changes. Changes in the Manas anabranch reach are comparatively much 

less mostly in the order of a few meters and confined to the left bank.  The changes in the right 

bank of the Manas-Beki river are depicted in Figures 2.17(a) and 2.17(b) for Manas main 

channel and Beki sub-section respectively. For the right bank, between 1990 and 2020, the 

maximum shift is around 1.8 km inwards for the Manas anabranch reach. The shift in right 

bank for the Beki anabranch region is a maximum of 3.5 km outwards. After the NH crossing, 

the shift is erratic with a maximum outward shift of ~1.2 km and an inward shift of ~1.3 km. 

Over the years, the maximum right bank shift is inwards for the Manas anabranch section 

between 2000 and 2010 and outwards for the Beki anabranch section from 1990 to 2000. The 

maximum right bank shift downstream of the NH crossing is observed between 2010 to 2020 

and the shift is negative indicating an inwards shift. 

Figure 2.15 River bank lines from 1990 to 2020 for the (a) upstream reach of NH crossing, 

and (b) downstream of NH crossing 
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Table 2.9 Values of bank line shift between 1990 to 2020 for left and right bank of Manas-Beki river 

XS 

ID 

1990-2000 2000-2010 2010-2020 Overall (1990-2020) 

Left bank Right bank Left bank Right bank Left bank Right bank Left bank Right bank 

A -12.99 -1.08 -0.67 22.86 21.45 -3.17 7.79 18.61 

B -23.41 37.61 -10.16 15.93 12.35 -116.92 -21.22 -63.38 

C -0.64 372.33 66.85 -383.56 1.40 31.92 67.61 20.70 

D 39.13 114.28 95.99 -1060.46 27.68 -11.23 162.80 -957.42 

E -14.98 80.39 73.56 -618.51 -29.35 -150.60 29.22 -688.73 

F 149.34 -71.44 -12.92 -891.34 -7.40 -6.99 129.02 -969.78 

G 565.88 85.06 -81.33 -1633.10 -1353.60 -261.26 -869.04 -1809.30 

H 138.50 19.02 306.39 -553.89 -166.17 -209.92 278.73 -744.80 

I 84.64 90.81 -882.35 -78.21 36.55 -374.87 -761.16 -362.27 

J 232.71 -1.81 120.19 18.15 -387.56 -520.07 -34.67 -503.73 

K -46.84 361.25 -154.73 -372.93 -151.67 153.98 -353.25 142.30 

L -437.21 435.43 -583.13 345.08 717.78 426.27 -302.57 1206.78 

M 613.86 145.91 14.02 -303.63 -169.48 -293.13 458.40 -450.86 

N 275.39 557.16 1166.82 24.50 63.41 -8.21 1505.62 573.44 

O 2404.68 -345.38 -521.06 373.96 134.82 -1393.99 2018.44 -1365.41 

P 1105.69 -449.70 220.95 453.14 -399.89 11.59 926.75 15.03 

Q -737.67 1191.80 751.54 541.84 410.21 -1058.14 424.08 675.50 

R -205.67 1083.26 239.59 -209.92 -122.20 -772.18 -88.28 101.16 

S 
  

766.58 379.26 0.00 332.64 766.58 711.90 

A' 29.04 1721.87 759.08 68.14 139.22 50.48 927.33 1840.49 

B' -234.35 2,152.74 438.36 20.27 -65.07 -20.17 138.94 2152.83 

C' 117.48 4021.18 653.58 -444.20 42.35 1.11 813.41 3578.09 

D' 52.14 551.27 599.71 18.05 217.25 -9.52 869.10 559.80 

E' 424.80 53.08 133.49 343.65 690.82 -51.71 1249.10 345.02 

F' -15.51 38.30 46.43 411.44 -59.78 -153.20 -28.85 296.53 

G' 18.54 4.29 663.98 198.79 163.81 146.03 846.33 349.11 
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Overall, the bank line and thalweg shifts indicate the river had significant changes from 1990 to 

2020 and relatively stable sections are rarely observed during the years indicating a highly active 

fluvial landscape. 

Figure 2.16(a) Bank line shifts in the left bank at each cross-section of main channel Manas 

(positive values indicate an outward shift of bank lines, i.e., left bank shift towards the east, 

and negative values indicate an inward shift of bank lines, i.e., left bank towards the west) 
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Figure 2.16(b) Bank line shifts in the left bank at each cross-section of Beki sub-section 

(positive values indicate an outward shift of bank lines, i.e., left bank shift towards the east, 

and negative values indicate an inward shift of bank lines, i.e., left bank towards the west) 
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Changes in channel width 

The changes in channel width have also been analyzed for the different time periods, 1990-2000, 

2000-2010, 2010-2020, and overall between 1990-2020 using the bank lines. The values for 

channel width were measured at each cross-section and are presented in Table 2.10. The change 

in channel width for each cross-section is shown in Figures 2.18(a) and 2.18(b) for Manas main 

channel and Beki anabranch section respectively. 
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Figure 2.17(a) Bank line shifts in the right bank at each cross-section of main channel Manas 

(positive values indicate an outward shift of bank lines, i.e., right bank shift towards the west, 

and negative values indicate an inward shift of bank lines, i.e., right bank towards the east) 

Figure 2.17(b) Bank line shifts in the right bank at each cross-section of Beki sub-section 

(positive values indicate an outward shift of bank lines, i.e., right bank shift towards the west, 

and negative values indicate an inward shift of bank lines, i.e., right bank towards the east) 
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Table 2.10 Values of channel width at each cross-section from 1990 to 2020 for Manas-Beki river 

XS 

ID 

Change in channel width (m) 

1990-2000 2000-2010 2010-2020 Overall (1990-2020) 

A -14.08 22.20 18.27 26.40 

B 14.20 5.77 -104.58 -84.61 

C 371.69 -316.71 33.33 88.31 

D 153.41 -964.47 16.45 -794.61 

E 65.40 -544.96 -179.96 -659.51 

F 77.90 -904.26 -14.39 -840.76 

G 650.94 -1714.43 -1614.86 -2678.34 

H 157.52 -247.50 -376.09 -466.07 

I 175.45 -960.56 -338.31 -1123.42 

J 230.90 138.34 -907.63 -538.40 

K 314.41 -527.67 2.31 -210.95 

L -1.78 -238.05 1144.04 904.22 

M 759.77 -289.61 -462.61 7.55 

N 832.55 1191.32 55.20 2079.07 

O 2059.31 -147.10 -1259.18 653.04 

P 655.99 674.09 -388.31 941.78 

Q 454.13 1293.38 -647.94 1099.57 

R 877.59 29.67 -894.38 12.88 

S 0.00 1145.84 332.64 1478.48 

A' 1750.91 827.22 189.69 2767.82 

B' 1918.39 458.63 -85.24 2291.77 

C' 4138.66 209.37 43.46 4391.49 

D' 603.41 617.77 207.72 1428.90 

E' 477.88 477.14 639.11 1594.12 

F' 22.79 457.87 -212.98 267.68 

G' 22.83 862.77 309.84 1195.44 

Channel width is observed to be decreasing for the Manas anabranch section and increasing for 

the Beki anabranch section from 1990 to 2020. The maximum change observed for these sections 

is a decrease of approximately 2.6 km for the Manas anabranch section and an increase of 

approximately 4.4 km for the Beki anabranch section from 1990 to 2020. For the section south of 

the NH crossing, the change is mostly increasing with a maximum increase of around 2 km 

between 1990 and 2020. The changes are mostly during 2000-2010 and 2010-2020 for the Manas 

anabranch and during 1990-2000 for the Beki anabranch. South of the NH crossing, the increase 
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in channel width is observed mostly during 1990-2000 followed by 2000-2010. During 2010-2020 

a decrease in channel width is observed in the downstream reaches. 

2.3.2.3 Erosion and deposition trends 

The differential rates of erosion and deposition due to changes in the river course have been 

analyzed along the identified 5 km segments for the periods 1990-2000, 2000-2010, and 2010-

2020 respectively shown in Figures 2.19(a), 2.19(b) and 2.19(c). The results for each reach for the 

entire studied stretch of the river during 1990-2000, 2000-2010, 2010-2020, and overall change 

from 1990-2020 are presented in Table 2.11. The values of erosion are considered as negative as 

these areas are lost due to channel shift and the values for deposition are considered as positive as 

Figure 2.18(a) Changes in channel width at each cross-section of main channel Manas 

(positive and negative values indicate channel width increase and decrease respectively) 
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Figure 2.18(b) Changes in channel width at each cross-section of Beki sub-section (positive 

and negative values indicate channel width increase and decrease respectively) 
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these areas are accretion areas where fluvial deposits are accumulated. The net change in area is 

also calculated for each period of study. A positive value indicates deposition areas exceed eroded 

areas and vice versa. The total areas of erosion and deposition for the entire Manas-Beki river for 

the different time periods of analysis are shown in Figure 2.20. The erosion and deposition areas 

for each reach are shown in Figure 2.21(a) for the Manas main channel and in 2.21(b) for the Beki 

anabranch section. The net change in erosion/deposition is also shown graphically to understand 

the overall dominance of either of the processes in each reach (Figures 2.22(a) and 2.22(b)). 

 

During 1990-2020, erosion was high in the Manas-Beki river basin but it shows a decreasing trend 

over the decades. Deposition was low during 1990-2000 but shows a sharp increase between 2000-

2010 and a slight decrease after that. Most of the reaches show high erosion areas in 1990 and high 

deposition in the other two decades. Erosion is high especially in the lower reach due to avulsion. 

The lower part of the Manas river is alluvial in nature which easily gets eroded and reshaped by 

flow making the portion highly prone to erosion. Very high erosion in the Beki anabranch of the 

Figure 2.19 Erosion and deposition areas due to changes in river channel course in Manas-Beki 

river during (a) 1990-2000 (b) 2000-2010, and (c) 2010-2020 
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river during 1990-2000 is due to the change in the thalweg line from the right stream to the left 

resulting in drying of the right stream. 

Deposition areas exceed 

erosion areas during 2000-

2010 and 2010-2020 

suggesting that deposition 

is the dominant action of 

the river. The gradient 

variation of the river, the 

high slope in upstream with 

a sudden drop of gradient 

while entering the plains, 

causes heavy deposition in 

Manas river. Even though 

erosion areas are considerably exceeding 

deposition areas in the Manas-Beki river 

between 1990 to 2020, it is largely attributed 

to the high erosion during 1990-2000 during 

which period the major shift in thalweg 

occurred. -15.0
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Figure 2.21(b) Erosion and deposition areas for each reach of Beki sub-section 

(negative values indicate erosion and positive values indicate deposition) 
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Figure 2.20 Erosion and deposition areas in Manas-Beki river 

during 1990-2020 
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Figure 2.21(a) Erosion and deposition areas for each reach of Manas main channel (negative 

values indicate erosion and positive values indicate deposition) 
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Table 2.11 Erosion and deposition areas for different reaches of Manas-Beki river during 1990-2020 (Areas in sq km) 

Reach 

ID 

1990-2000 2000-2010 2010-2020 Overall (1990-2020) 

Erosion Deposition Net 

change 

Erosion Deposition Net 

change 

Erosion Deposition Net 

change 

Erosion Deposition Net 

change 

A -0.07 0.09 0.02 -0.06 0.06 0.00 -0.04 0.10 0.06 -0.07 0.15 0.08 

B -0.10 0.12 0.02 -0.04 0.14 0.11 -0.04 0.22 0.17 -0.06 0.35 0.30 

C -2.11 0.06 -2.05 -0.12 1.35 1.24 -0.61 0.25 -0.36 -2.04 0.54 -1.50 

D -0.53 0.37 -0.17 -0.15 2.11 1.96 -0.04 0.18 0.14 -0.30 2.22 1.93 

E -1.11 0.20 -0.91 -0.21 2.19 1.99 -0.09 0.58 0.49 -0.57 2.14 1.56 

F -0.50 0.43 -0.07 -0.08 2.45 2.37 -0.10 0.77 0.67 -0.26 3.23 2.97 

G -1.18 0.46 -0.72 -0.10 4.75 4.65 -0.01 3.48 3.47 -0.15 7.56 7.40 

H -2.40 0.21 -2.19 -0.17 7.12 6.94 -0.08 5.41 5.33 -0.26 10.34 10.08 

I -2.03 0.02 -2.01 -0.20 3.86 3.65 -0.07 0.83 0.76 -0.22 2.64 2.41 

J -0.43 0.08 -0.35 -0.14 1.09 0.95 -0.20 0.66 0.45 -0.05 1.12 1.07 

K -0.87 0.17 -0.70 -0.40 0.92 0.52 -0.52 1.20 0.68 -1.18 1.68 0.50 

L -1.42 0.96 -0.46 -1.27 1.91 0.64 -2.04 0.04 -1.99 -2.53 0.71 -1.81 

M -3.25 0.15 -3.09 -1.85 1.49 -0.35 -0.93 1.47 0.54 -4.14 1.23 -2.91 

N -2.74 0.08 -2.65 -1.83 2.55 0.72 -1.05 0.11 -0.94 -4.44 1.56 -2.88 

O -3.55 1.43 -2.13 -2.03 0.51 -1.52 -0.48 2.14 1.66 -3.59 1.61 -1.98 

P -4.34 0.44 -3.90 -1.60 4.43 2.83 -1.10 1.78 0.68 -2.53 2.14 -0.39 

Q -4.11 2.65 -1.46 -7.66 3.91 -3.76 -1.43 4.24 2.81 -5.15 2.74 -2.41 

R -2.65 0.41 -2.24 -1.66 1.82 0.16 -0.88 1.59 0.71 -2.45 1.09 -1.37 

S -3.73 0.73 -3.00 -5.29 0.05 -5.24 -0.35 1.36 1.01 -8.01 0.79 -7.23 

T -6.50 0.00 -6.50 -3.27 0.16 -3.11 -0.24 5.96 5.72 -3.90 0.00 -3.90 

A' -6.44 0.03 -6.41 -2.19 0.19 -1.99 -0.74 0.06 -0.68 -8.76 0.00 -8.76 

B' -5.99 0.03 -5.96 -1.73 0.04 -1.69 -0.63 0.05 -0.57 -8.23 0.00 -8.22 

C' -9.69 0.08 -9.61 -1.71 0.20 -1.51 -0.28 0.22 -0.06 -11.20 0.02 -11.18 

D' -7.53 0.05 -7.48 -2.19 0.25 -1.94 -0.61 0.23 -0.38 -9.80 0.00 -9.80 

E' -1.07 0.03 -1.05 -2.13 0.06 -2.06 -1.16 0.33 -0.83 -4.01 0.07 -3.94 

F' -0.74 0.02 -0.72 -1.18 0.24 -0.94 -1.81 0.27 -1.55 -3.35 0.14 -3.21 

G' -0.50 0.06 -0.44 -1.62 0.02 -1.59 -0.65 0.26 -0.39 -2.43 0.00 -2.43 

H' -0.45 0.00 -0.45 -0.84 0.00 -0.84 -0.39 0.02 -0.37 -1.69 0.00 -1.68 
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Analysis of erosion and deposition for each reach shows that erosion occurred in almost all the 

reaches during 1990-2000. During 2000-2010, deposition was observed in almost all reaches of 

the Manas main channel except three reaches near the confluence region where large areas were 

eroded. In the Beki anabranch reach, erosion was observed but the areas were comparatively much 

smaller. During 2010-2020, large areas were deposited in both left and right bank anabranches 

above the NH crossing, as well as the reaches after the crossing. The change in confluence with 

the Brahmaputra over the years has also contributed to major changes in the region. 

Values of net area change clearly show 

that erosion is the dominant process 

during 1990-2000 in almost all the 

reaches. Deposition was more than 

erosion in the right bank Manas anabranch 

section while erosion was dominant in the 

left bank Beki anabranch section during 

2000-2010. Erosion was also the 

dominant process in the lower reaches 

before the Brahmaputra confluence. 

During 2010-2020, deposition was fairly dominant in the Manas anabranch as well as in the lower 

reaches after NH crossing, but erosion was still slightly dominant in the Beki anabranch section. 
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Figure 2.22(a) Net area change due to erosion and deposition for each reach of 

Manas main channel 
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Figure 2.22(b) Net area change due to erosion 

and deposition for each reach of Beki sub-section 
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2.4 Discussion and summary 

Morphometric analysis of the Manas-Beki river basin characterizes the basin as a highly dissected, 

moderately elongated basin with a steep descent in the Himalayan region and relatively flat 

topography in the floodplains. There is a sudden change in altitude between the Himalayan region 

and the Indian floodplains. All morphometric parameters are variable in the two distinct regions, 

but the overall characteristics are dominated by the high topography of the Himalayas. The 

hypsometry of the basin reveals the maximum area to be within the altitudes of 4500 to 5500 m 

a.m.s.l. More than 75% of the streams in the basin are characterized as first-order streams which 

together with the high range of altitude in the basin makes the basin highly sensitive to large runoff 

which is rapidly transported to the foothills [1]. Drainage density varies with slope and the 

catchment of Manas is largely spread in hilly areas, thus the number of streams is high and the 

mean stream length is low. The relatively low drainage density and flat slope of the floodplains is 

highly susceptible to changes in streamflow resulting in widespread flooding. The stream length 

ratio shows important relation with surface flow discharge and the erosion stage of a basin [69]. It 

does not vary largely for different order streams in the basin representing a young basin with high 

erosion potential. The bifurcation ratio of the basin is mostly in consistence with the Hortonian 

law of variation [56] and the values suggest low geologic control on drainage development. 

Relatively low values in the plains suggest a high probability of floods in the region [17]. The 

analysis of the areal and relief aspects of the basin suggests that the basin is subject to high overland 

flow with moderate water storage capacity. The high ultra-fine texture and high drainage density 

in the hills favours the rapid transport of runoff and sediments but the low slope and low drainage 

density in the plains indicate high chances of widespread flooding. The values are also suggestive 

of an active young basin where erosional processes are highly active and topographical maturity 

is not attained [70]. The morphometric analysis of the Manas-Beki river basin suggests that the 

basin would be sensitive to changes in streamflow, and downstream regions would be largely 

affected. This makes the basin highly susceptible to observed changes in the climate and further 

studies on the effect of climate change on the water availability of the basin are needed to 

understand the hydrological impacts. 

Analysis of change during the last three decades shows that the most significant changes in the 

morphology of the Manas-Beki river system are in the flood plains and delineation of river thalweg 

and bank lines indicate immense changes in the channel. Analysis of the satellite images from 
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1990 to 2020 shows major visible changes in the flow paths of the Manas-Beki river in the 

floodplain region. The most significant change in river course between 1990 to 2020 is the gradual 

shifting of the main channel from the right bank Manas anabranch to the left bank Beki anabranch 

in the upper foothill region. This shift in the main channel of Manas led to abandonment of its only 

distributary to the Aie river flowing west of the Manas-Beki and thereby made Aie an independent 

river. The eventual shift of Manas to Beki has increased the flow discharge of the river. The 

aftermath can be seen in the change of planform geometry. The left bank Beki anabranch has 

formed more braiding. Beki which earlier had a lean flow now receives the entire discharge of 

Manas and Manas right anabranch has turned into a lean channel. The river has also changed its 

confluence point with the Brahmaputra frequently and even though the course is observed to be 

straightening, it flows parallel to the Brahmaputra for some time before draining into the 

Brahmaputra.  

Anabranching is a common phenomenon and thalweg shift is prominent between anabranches over 

the years. The overall sinuosity of the river in the floodplain area is decreasing from 1990 to 2020. 

A slight decrease in the sinuosity indicates a gradual straightening over the years but the values 

remain less than 1.5 representing an immature river with high erosion potential. The sinuosity 

decreased considerably between 1990 and 2000 after which the decrease is very gradual. The 

floodplain reach of the river is observed to be braided in nature which shows that the river carries 

high sediment load and is associated with high gradient changes. The braiding nature also signifies 

the river has frequent variations in streamflow and weak bank material which is characteristic of 

the alluvial floodplain region. The analysis of braiding intensity in the floodplain region reveals 

that the braiding has highly increased in the left bank Beki anabranch and decreased in the right 

bank Manas anabranch. Downstream of the highway crossing, the braiding is intense, but no 

particular trend is noticed over the years.  

The river thalwegs have shifted significantly during the last three decades. In 1990, the right bank 

Manas anabranch carried more discharge and the left bank Beki anabranch was a lean channel. 

This changed during 2000 when the left bank Beki anabranch was observed to be having higher 

discharge, Manas anabranch had lower flow pattern than the previous decade and the spatial 

pattern of flow was almost similar in both anabranches. In 2010 and 2020, the river completely 

shifted its major flow into the Beki anabranch and the Manas anabranch section turned into a lean 
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channel with minimal flow. Similar trends are observed in thalweg and bank line shifts during the 

years. Whereas the left bank is reasonably stable then the right bank for the Manas anabranch 

reach, which has shown a significant bank line migration, a significant change in bank lines has 

occurred in the Beki anabranch section due to the alteration of the direction of flow. Downstream 

of the NH crossing, the changes are highly erratic and do not have any specific trend. The 

confluence with the Brahmaputra is also observed to be changing over the years. The channel 

width shows an overall increase in the entire floodplain stretch of the river with only the right bank 

Manas anabranch reach showing a decrease, but this is minimal in comparison to the large increase 

in the Beki sub-section. 

Erosion and deposition trends are also in line with the results of channel dynamics. Erosion is very 

high between 1990-2000 and decreases thereafter, while deposition increases. In the last decade, 

deposition areas have exceeded the erosion areas. Channel dynamics, erosion, and deposition 

trends in specific reaches indicate the influence of road and railway crossing and associated 

restricting constructions in this high-energy river system. The dynamics in channel morphology in 

the floodplain indicate high sediment influx into the floodplains from the Himalayan tributaries as 

observed by other researchers for the north bank tributaries of the Brahmaputra with their origin 

in the Himalayas [53, 46]. The reasons for this change in flow and sediment regime of the river 

need to be further investigated for possible links to the observed changes in climatic factors along 

with changes in the land cover of the basin. 
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