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1 .  C O N T E X T

A Dynamic, Erosion-Prone Braided System
The Brahmaputra — a river of immense water, sediment and change

One of the world’s largest rivers: mean discharge ≈ 19,800 m³/s 
(≈4th globally); sediment load ≈ 400–800 Mt/yr
(Goswami, 1985; Islam et al., 1999)

Braided morphology: multiple channels, bedforms, sandbars and 
chars
(Coleman, 1969; Thorne et al., 1993)

Bar migration and deep inter-bar channels are major contributors 
to bank erosion
(Thorne et al., 1993)

The 1950 Assam–Tibet earthquake (Mw ≈ 8.6) triggered massive 
landslides; the sediment surge raised the riverbed and intensified 
braiding, flooding and bank erosion across Assam
(Goswami, 1985; Goswami & Das, 2002)

WHY IT MATTERS
Bank-erosion prediction directly informs 
prioritization and site selection for river 
stabilization works — protecting communities, 
farmland, and infrastructure along the 
Brahmaputra.

Two-tier approach:

Satellite-image screening + first-order 
prediction
(accessible, trainable)

Physics-based modelling for detailed 
assessment
(Darby & Thorne, 1996)
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2  ·  R E V I E W  O F  L I T E R A T U R E

Empirical Foundations of the CNA Framework

Coleman (1969); Goswami (1985); Sarma (2005) Established the Brahmaputra's channel processes, basin denudation, and fluvial morphology

Klaassen et al. (1993); Mosselman (1993); Jagers (2001, 
2003)

Pioneered Channel Network Analysis for braided rivers on the Jamuna (Bangladesh)

Hickin & Nanson (1984) Lateral migration vs. width-to-curvature ratio (B/R) — max erosion near B/R ≈ 1/2.5

Donchyts et al. (2016) Three decades of remote-sensed surface-water change — reliable active-channel mapping

Thorne & Baghirathan (1994); Darby & Thorne (1996) Palaeo-channel indicators and analytical riverbank-stability frameworks
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3  ·  R E S E A R C H  O B J E C T I V E S

What This Study Set Out to Achieve

1 Develop and apply a CNA-based erosion prediction framework for selected Brahmaputra reaches in Assam

2 Assess spatial variability in erosion susceptibility using bifurcation angle (ϕ), channel width (B), and radius of curvature (R)

3 Estimate channel abandonment probabilities and incorporate them into erosion predictions

4 Evaluate the applicability and limitations of CNA in highly dynamic braided systems

5 Support informed decision-making for riverbank protection in data-scarce environments
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4  ·  M E T H O D O L O G Y

The Channel Network Analysis Workflow

1

Acquire dry-season
satellite imagery →

2

Schematize dominant
channel network (~20 

km)
→

3

Delineate thalwegs &
measure bifurcation 

angle ϕ
→

4

Estimate channel
abandonment 

probability
→

5

Derive B, R, and
B/R ratio →

6

Estimate & correct
bank erosion 
magnitude

A simplified, low-data approach

The braided network is represented as a schematized graph of dominant channels influencing the site of interest, built from multi-temporal dry-season 
imagery. This keeps data requirements low while capturing the geomorphic controls — bifurcation geometry and bend curvature — that govern erosion 
(Klaassen et al., 1993; Mosselman & Martin, 1993).
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METHODOLOGY: EROSION PREDICTION USING CHANNEL NETWORK ANALYSIS (CNA)
(Based on Mosselman, 1993; Jamuna Test Works Consultants, 2001; Jagers, 2003)

1. BIFURCATION ANGLE (φ) AND PROBABILITY OF CHANNEL ABANDONMENT

Bifurcation angle (φ)
Probability of abandonment

Channel length ≤ 20 km Channel length > 20 km
(major anabranch)

φ ≤ 20° P(A) = 0 P(A) = 0
20° < φ ≤ 153° P(A) = (φ − 20°) × 1.1% P(A) = 0

φ ≥ 153° P(A) = 100% non existent
Source: Mosselman (1993); Jamuna Test Works Consultants (2001)

2. FUNCTIONS FOR PROBABILITY OF EXCEEDANCE OF
LARGEST BANK EROSION RATES

For  B/R ≤ 0.4 For  B/R > 0.4

f ( B
R ) =2.5 B

R f ( B
R ) =

2 − 2 B
R

3 B
R

Where,   B = Channel width (m)     and     R = Radius of bend curvature (m)
Source: Mosselman (1993)

3. PROBABILITY OF EXCEEDANCE OF BANK EROSION RATES
Probability of exceedance, P(E)

(%)
Bank erosion rate in direction perpendicular

to former channel (m/year) (E)
90 0.3 × B × f(B/R)
75 0.5 × B × f(B/R)
50 0.7 × B × f(B/R)
25 0.9 × B × f(B/R)
10 1.1 × B × f(B/R)

Source: Mosselman (1993)

4 Step 4:
Calculate probabilities of channel 
abandonment for each channel.

5 Step 5:
Calculate the probability that the channel 
along the site of interest is abandoned.

6 Step 6:
Determine local channel width (B) 
and radius of bend curvature (R).

7 Step 7:
Calculate probabilities of exceedance of 
largest bank erosion rates under the 
condition that the channel is not abandoned.

8 Step 8:
Correct the bank erosion rates obtained by 
using the probability of channel 
abandonement

B

R

f(B/R)

B/R

Efinal = (1 − P(Alocal))
× (E)

Where:
P(Alocal) = probability of local 

channel abandonment

Note: The above methodology is adapted from Channel Network Analysis (CNA) approach developed for braided rivers. 7



5  ·  R E A C H - W I S E  A N A L Y S I S

Five Reaches Along the Brahmaputra System

Kumolia–Bagariata 

Biswanath district

B/R = 0.23 · Abandonment 
18%

Bhuragaon

Morigaon district

B/R = 0.54 · Abandonment 
30%

Dhakuakhana

North Lakhimpur district

No Dominant Channel —
High Uncertainty

Guijan

Dibrugarh district

B/R = 0.664 · 
Abandonment 15%

Disang

Sivasagar District

Abandonment 0% —
Palaeo-Channel Influence

The application of CNA across these reaches reveals significant spatial variability in erosion dynamics, driven by differing channel morphology and flow behaviour. All four 
main-river reaches show varying degrees of channel instability and erosion potential; the Disang tributary is assessed separately for avulsion risk.
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5  ·  R E A C H - W I S E  A N A L Y S I S  — B I S W A N A T H  D I S T R I C T

Kumolia–Bagariata Reach

Fig 1. Kumolia–Bagariata Reach

Moderate channel abandonment probability: 18%

B/R ratio: 0.23

Estimated bank erosion (corrected): 46 m (90%), 108 m (50%), 
170 m (10% exceedance)

Stochastic variability reflects both hydraulic severity and 
variable bank strength
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6 · CONCLUSIONS

What the CNA Assessment Demonstrates

✓ CNA is useful for preliminary assessment

The study demonstrates that Channel Network Analysis can provide a 
practical, low-data first-order assessment of erosion susceptibility in braided 
river reaches.

✓ Morphology provides a meaningful erosion signal

B/R and channel-abandonment probability help distinguish reaches with 
stronger lateral erosion potential and describe spatial variability along the study 
reaches.

✓ Observed erosion supports the broad model signal

At Bhuragaon, CNA indicated substantial instability before comparison with 
observations. The 208 m observed erosion confirms the reach's strong erosion 
activity, although its magnitude was underestimated.

✓ Complex reaches require caution

Dhakukhana shows the key limitation: where no dominant channel exists, 
bifurcation hierarchy and abandonment probabilities become uncertain and 
predictions should be treated as indicative.

» Way Forward

1 Multi-year validation

Use longer time series and more observations.

2 Local calibration

Tune CNA parameters for Brahmaputra reaches.

3 Integrated modelling

Combine CNA with 1D/2D models and field data.

Overall: CNA is a screening and decision-support tool — not a deterministic forecast
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Thank You

Questions and discussions are welcome.

Email: hiu.wrd@gmail.com

Address: Hydro Informatics Unit
Water Resources Department
Assam Water Center
Basistha, Guwahati, Assam (India)
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