
ABSTRACT
Sylhet Basin, a seasonally �ooded, tectonically in�uenced sub-basin within the 
Ganges-Brahmaputra-Meghna delta (GBMD) in northeastern Bangladesh, has 
experienced as many as three occupations of the Brahmaputra River during the 
Holocene. �e active braidbelt has predominantly been routed along the proximal 
(west) margin of the basin, bypassing most of the water and sediment and leaving 
the central basin under-�lled in spite of a favorable topographic gradient and 
active subsidence. We investigate this quandary with perturbations of several 
physical parameters within a simple 1D channel pro�le model and a 2D depth-
averaged hydrodynamic model (FREHD) to determine preferential �ow path se-
lection between two possible pathways. A large body of water is created within the 
basin center to simulate seasonal �ooding and to test the impact of a local back-
water e�ect and reduced water surface slope on channel path preference. A hydro-
logic barrier e�ect does not appear to be plausible unless water depths are in-
creased to values that exceed the physical dimensions of Sylhet Basin. Addition-
ally, reduction of the topographic slope along two pathways in a simple bifurcation 
setup does not appear to enhance the local backwater e�ect on �ow path selection. 
However, the introduction of a levee along the western margin �ow path (and 
thus a lower elevation than the basin center path) creates a strong preference for 
bypass of the basin, in spite of a steeper path of descent towards the basin center. 
Additional tests on variable fan topography and asymmetry further illustrate the 
preference of the channel to follow a lower (entrenched) elevation bed surface, re-
gardless of surface slope. �ese results corroborate �eld evidence in Sylhet Basin 
that antecedent topography within the GBMD exerts a primary control on Holo-
cene river path selection, such that incision of the Pleistocene surface has im-
pacted �uvial system dynamics more than local climate and tectonics. Future 
model runs will incorporate sediment transport to investigate the impacts of lake 
in�lling on sediment bypass and mass extraction.      
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�e quandary of an under-�lled basin: Investigating the roles of local hydrology and incipient 
topography on channel path selection in Sylhet Basin, Bangladesh

Decrease 
topo slope

Increase 
lake depth

By decreasing topographic 
slope (reducing the 
elevation difference H), the 
surface slope reduces to 
95.2% of topographic slope, 
which is not significant.

By increasing downstream 
lake depth (up to 13m), the 
surface slope reduces to 
72% of topographic slope, 
but this depth is not 
physically feasible within the 
dimensions of Sylhet Basin. 
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Base case: values estimated from DEM of Sylhet Basin

1-D numerical test: Does the local backwater e�ect of a seasonal lake 
remove the topographic gradient advantage?

Q = 35,000 m3/s
(qw = 3.5 m2/s using a 10 km wide channel)

ratios = 0.997458

ratios = swater/stopo

The backwater e�ect created by using Sylhet Basin 
parameters is insu�cient to produce a signi�cant 
slope di�erence between the topography and the 
water surface.
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Two channels, SA < SB
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Asymetric fan topography, SA < SB
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Asymetric fan topography with lowered 
channel, SA < SB

Pathway SF is steeper than pathways WB and OB, yet the Brahmaputra 
River has favored the proximal (western) pathways throughout the Ho-
locene, leaving Sylhet Basin perennially under-�lled. Numerical tests in-
dicate that a less steep path of descent is only favored when it is at a 
lower elevation than other possible pathways. Therefore it is inferred 
that incipient topography played a major role in preventing the central 
basin from �lling during the occupation. un
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2-D numerical test: How do outlet location, slope, and topographic barriers 
in�uence channel �ow path selection?
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Boundary condi-
tion: Sylhet Basin 
lake level (+12 m): 
basin bottom el-
evation (5m) + 

lake depth (7m)

Boundary condition: Sea 
level (0 m): channel 

bottom elevation (-5m) + 
channel depth (5m)

leveeNote the addition of

The introduction of a topographic barrier to �ow in the 
form of a levee along pathway 1 creates a strong prefer-
ence for �ow in spite of a steeper path of descent along 
pathway 2. Future modeling e�orts will investigate the im-
pacts of sediment �lling of incised channels on �ow path 
“memory”

Lake levels need to be increased to heights that exceed the physical dimensions 
of Sylhet Basin to induce a local backwater hydrologic barrier e�ect.

Reduction of the overall slope along both pathways does not enhance a back-
water e�ect on �ow path selection.

Pathway 2

Pathway 1

2-D numerical test: How do incipient topography and local hydrology in�uence �ow path selection?


