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The Ganges and Brahmaputra (G-B) Rivers currently transport a combined 
estimate of  one billion tons of  sediment from their basins in the Himalaya 
Mountains to the G-B delta surface in Bangladesh each year during the five 
months of  the Asian summer monsoon. Sediment and water discharge has 
been reconstructed using observational data from two gauging stations on 
the rivers from the mid 1950’s onward. However, downstream spatial 
distribution of  sediment flux into the deltaic distributary channel network 
and deposition rates onto the floodplain and lower deltaplain are 
remarkably unconstrained, yet critical to understanding the overall delta 
sediment budget. Using coupled simple process models and observational 
field data, we offer an approach to simplifying the complexities of  sediment 
dispersal in the large, densely populated G-B river delta.  

Motivation


                         

        

Location of lower Ganges-Brahmaputra-Meghna delta 
plain sedimentation measurement sites   

Approach: direct sedimentation measurements  
+ coupled model components


Field: Four sites chosen to capture seasonal sedimentation in the fluvial-dominated central delta using 
sediment traps; sites  in a variety of  topographic morphologic, and land use settings; river-sourced 
sediment traced with 7Be (t1/2 = 53.3 days). Deployed for a single monsoon season to capture bulk of  
annual mass accumulation 

HydroTrend:


•  Fully-developed 1D component in the CSDMS 
Modeling Tool 

•  Climate-driven hydrological model 
•  Predicts long-term sediment load as a function of  

river discharge and drainage area characteristics 
(relief  + spatially-averaged annual T and P) 

values. After 10 attempts HydroTrend will add a flag
to output file HYDRO.TRN2 file to notify the user
and continues without consequences.

Geometry of the basin influences the delay in the
contribution of the different hydrological subcom-
ponents. HydroTrend takes the discharge delay and
smoothing of the peak discharge by lakes and
reservoirs as well as the length of the river into
account while simulating discharges at the river
mouth (Syvitski and Alcott, 1995). Large basins
(A4105 km2) may be subdivided into several sub-
units using a standard lumped-model approach,
with kinematic-wave routing between subunits.

The model employs the glacier ELA in combination
with the hypsometry to determine the glacier area
following Andrews (1975); assuming that 33% of
the total glaciated area, the ablation zone is below the
ELA and 66%, the accumulation zone, is above the
ELA of a glacier in steady state. To simulate climate
change, the model user specifies an annual trend in the
ELA. Fluctuations in glacier area are driven by ELA
variations over time, which results in glacier volume
variations. Glacier volume,Vg, is determined by glacier
area, Ag, using a power law from Bahr et al. (1997).

Vg ¼ ZA1:38
g (4)

where Ag is non-dimensionalized following Eq. (3)
and Z ¼ 31.1 km3. It is assumed that the presence of
glaciers is not significantly affecting the hypsometry
of the basin. Furthermore, HydroTrend v.3.0
assumes that a glacier is in climatic equilibrium at
the start of a simulation. Glacier advance over time
is only permitted to take place at a rate of 20% of
the annual precipitation volume, which is captured
directly within the glacier area. Hereby assuming
that: (1) part of the precipitation fallen as snow will
sublimate and, (2) precipitation in the form of rain
will mostly leave the glacier directly. If annual total
precipitation is not adequate in a specific year to
provide sufficient moisture to extend the potential
glacier area, the model incorporates the advance of
the glacier in the following years provided there is
sufficient precipitation. Glacier retreating rates are
not restricted in the model.

3. Sediment load model

3.1. Long-term sediment load

HydroTrend v.3.0 simulates two forms of sedi-
ment delivery using semi-empirical relationships:

suspended sediment load and bedload. An empirical
relationship between glacier extent and sediment
production also adds to the suspended sediment
supply. The total suspended sediment discharge,
QsT, is therefore defined as

QsT ¼ Qs þQsG (5)

where Qs is the suspended sediment controlled by
climate and basin properties and QsG is additional
suspended sediment generated by any glaciers in the
basin. Syvitski et al. (2003) analyzed observational
data of 340 rivers globally and derived empirical
relations that relate sediment load to basin area or
discharge, relief and temperature for 5 climate
zones. The ART model (Eq. (6)) has a better fit to
observations for certain climate zones (Syvitski
et al., 2003), but the QRT model (Eq. (7)) is better
able to simulate climate scenarios in which pre-
cipitation changes may play a role (Kettner and
Syvitski, in press). A more comprehensive global
predictor of long-term sediment load (BQART)
requires additional information about average basin
lithology and human activity (Eqs. (8a) and (8b);
Syvitski and Milliman, 2007), and is the recom-
mended option. We choose to keep the ART and
QRT models in HydroTrend v.3.0. as additional
information required for the BQART model is not
always available.

Qs ¼ ð1$ TeÞa3A
a4
R

a5
ek1T the ART equation

(6)

Qs ¼ ð1$ TeÞa6Q
a7
R

a8
ek1T the QRT equation

(7)

Qs ¼ $BQ
0:31

A0:5RT the BQART equation

for TX2 &C (8a)

Qs ¼ 2$BQ
0:31

A0:5R the BQART equation

To2 &C (8b)

Note that the parameters A, R and Q in
Eq. (6)–(8b) are, respectively non-dimensionalized:
drainage basin area, maximum relief and long-term
discharge; extracted, following similar reasoning as
for Eq. (3). o is a coefficient of proportionality
defined as o ¼ 0.02 kg s$1 km$2 1C$1. T is basin
average temperature, B ¼ L(1$Te) Eh, Te is the
trapping efficiency of a reservoir or lake, a3 and a6,
are coefficients of proportionality, a4, a5, a7, a8, k1
and k2 are dimensionless coefficients, which depend
on climatic zone based on the geographical location
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Deltaic lowlands are vulnerable to 
both sea-level rise and changes in river 
discharge, but whether the floodplains 
and coastal areas will ultimately drown 
depends on a balance of  aggradation, 
eustatic sea level rise and subsidence. 
The low-lying Ganges-Brahmaputra 
(G-B) Delta is an example of  a densely 
populated coastal system that could be 
flooded by rapid sea level rise within 
the next century. The combined G-B 
Rivers currently transport 109 t/y to 
the delta, enabling the delta to 
maintain positive elevation. However, 
Ensemble Community Climate System 
Models predict 11% higher rainfall for 
the next century during the Asian 
monsoon, potentially leading to 
extreme flooding in the delta. To 
improve projections of  climatic  

Background

forcing on aggradation rates in the G-
B floodplain and lower delta, a 1D 
climate-driven hydrological model 
(HydroTrend) is used to explore the 
response of  the G-B river system to 
future changes in river discharge. 
Model inputs are based on available 
20Th century climate and river gauge 
data, and outputs will be compared to 
modern sedimentation rates within 
the G-B tidal delta and central coastal 
plain. The models are then used to 
test the response of  the G-B 
sediment dispersal system under 
scenarios of  increased precipitation 
and greater sediment storage within 
man-made reservoirs. Outputs will 
next be linked to floodplain avulsion 
and tidal aggradation models.  

The Delta Balance

�RSL=A- �E- Cn- CA ± M  

 How will the Ganges-Brahmaputra delta respond to future sea level rise and 
coastal flooding? To assess such vulnerability one must look at the delta 
balance. A delta’s surface elevation above mean sea level can experience a 
vertical change relative to local mean sea level, �RSL. It is controlled by a 
summation of  5 factors (typical rates shown) (Syvitski et al., 2009):  

Aggradation Rate (A) (1 to 50 mm/y)

Eustatic Sea Level Rate (�E ) (1.8 to 3 mm/y) 


Natural Compaction (Cn), or Accelerated Compaction (CA) (≤3 mm/y)

Vertical movement of the land surface related to earth masses (M) (0 to -5 mm/y)


This study focuses on improving the estimates of  the Aggradation Rate due to 
frequent river flooding in the Ganges- Brahmaputra delta (Fig.1) 

                 

Figure 1. Flood maps constructed from MODIS satellite imagery show ~52,800 km2 of 
flooded lands in the delta between 2000-2009 (data from Flood Observatory, hosted at 
the CSDMS: http://floodobservatory.colorado.edu/). Sediment delivery to the G-B 
delta’s surface occurs through overbank flooding of the rivers and tidal reworking.  


!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!

 2008 tidal delta sedimentation sampling sites  
 2012 mixed tidal-fluvial delta sedimentation  
sampling sites   

Figure 2. Bengal Basin (G-B Delta) and location of sediment traps. Traps were 
deployed in the mangroves of the tidal delta and in a variety of land use settings 
in the heavily cultivated central delta plain for a single monsoon flood season. 


Model Results: Present Day


Figure 4. Direct sedimentation 
results and photos of 
representative field conditions.



A. 2008 tidal delta overall mass 
accumulation average: 1.3 ±1.1 g 
cm-2 (dashed line); 7Be results: 
63% sourced from monsoon 
floodpulse



B. 2012 mixed tidal-fluvial delta 
overall mass accumulation 
average: 2.9 ±2.4 g cm-2 (dashed 
line); 7Be results: ~25% of new 
sediments sourced from 
monsoon floodpulse but highly 
cultivated land suggests greater 
dilution of floodpulse sediments 
with older sediments; we assume 
most newly deposited sediments 
were sourced from floodpulse. 



Based on area and estimated 
mass accumulation, >217 x 106 

tons/year are deposited on the 
lower delta plain. 



 


Field Results: Tidal-dominated and Mixed Tidal-Fluvial Delta Sedimentation + 
Geochemical Fingerprinting 

Sediments deposited on traps during the monsoon floods were processed for mass accumulation, organic matter, grain size 
and short-lived radionuclide tracers (i.e. 7Be and 210Pb). 7Be (t1/2 = 53.3 days) provides a tracer of  floodplain-derived 
sediments tagged within <6 months of  deposition; 210Pb (t1/2 = 22.3 years) indicates older sediment (<100 years). 


Model Validation: Seasonal Sedimentation 
 Model: HydroTrend

•  Fully-developed 1D component  
•  Climate-driven hydrological model 
•  Predicts long-term sediment load as a 

function of  river discharge and drainage 
area + climatological characteristics  

•  Effective for predictions on ungauged 
rivers (Kettner and Syvitski, 2008) 

 


~ mean annual basinwide precipitation

~ trapping efficiency of lakes and        

   reservoirs 

~ maximum relief of the drainage area        
~ mean annual basinwide temperature

~ lithology 

~ glacier ELA and lapse rate

~ Anthropogenic disturbance

~ groundwater storage


Figure 3. Drainage basins of the Ganges and  
Brahmaputra Rivers that are the focus of this 
study. (A) precipitation patterns, (B) hypsometry 
for the two basins. Tsangpo is upper Brahmaputra  


Input Parameters


Preliminary Model Results: Scenario Experiments


Objective

To predict the water and sediment loads discharged from the Ganges and 
Brahmaputra Rivers under (1) an increased precipitation regime, and (2) greater 
trapping by dams predicted to be built on both rivers in the 21st century. Model 
outputs are validated with direct sedimentation measurements collected in the 
tidal delta and mixed tidal-fluvial lower delta plain. 
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Figure 5.C. HydroTrend effectively predicts long-term averaged Ganges River Qw: 1.14 x 104 m3s-1 (compare to 1.14 x 104 m3s-1, 
Jian et al. 2009) but slightly under predicts Brahmaputra River Qw: 1.93 x 104 m3s-1  (compare to 2.01 x 104 m3s-1, Jian et al. 2009) 
D. HydroTrend under predicts long-term averaged Ganges sediment load: 372 x 106 t yr-1  (compare to pre-Farraka Barrage Qs 479 
x 106 t yr-1, Coleman 1969) and effectively predicts Brahmaputra Qs : 611 x 106 t yr-1 (compare to 608 x 106 t yr-1, Coleman 1969). 
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Figure 5. Predicted mean monthly river discharge compared to observed discharge from gauging stations on the A. Ganges and 
the B. Brahmaputra Rivers. HydroTrend under predicts Ganges and over predicts Brahmaputra summer monsoon discharge, 
captures the earlier onset of the summer monsoon discharge in the Brahmaputra basin. Shaded areas mark monsoonal months.


Figure 6. HydroTrend-predicted long-term averaged (150 years) discharges with an 11% increase in monsoon precipitation. A. 
Ganges Qw: 1.12 x 104 m3 s-1 (compare to modern observed 1.14 x 104 m3 s-1, Jian et al. 2009), Brahmaputra Qw: 1.93 x 104 m3 s-1  
(vs. modern observed 2.06 x 104 m3 s-1, Jian et al. 2009). Decreases could be from groundwater or glacial storage.  B. Ganges Qs : 
367 x 106 t yr-1  (compare to observed post-Farraka Barrage 316 x 106 t yr-1, Islam et al. 1999); Brahmaputra Qs: 610 x 106 t yr-1  (vs. 
observed 721 x 106 t yr-1 , Islam et al. 1999). 


Figure 6.C. River discharge and D. sediment load model results with an 11% increase in monsoon precipitation and greater reservoir 
storage volume estimated from reported dam projects in Nepal, India and China. C. Ganges Qw:  1.12 x 104 m3 s-1  (compare to 
modern observed 1.14 x 106 m3s-1, Jian et al. 2009); Brahmaputra Qw: 1.94 x 106 m3s-1 (vs. modern observed 2.01 x 106 m3s-1, Jian et 
al. 2009). D. Sediment loads for Ganges: 366 x 106 t yr-1 (compare to observed post-Farraka Barrage 316 x 106 t yr-1, Islam et al. 1999); 
Brahmaputra: 609 x 106 t yr-1 (vs. modern observed 721 x 106 t yr-1, Islam et al. 1999). 
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Preliminary Conclusions

1.  HydroTrend can effectively predict river discharge; sediment load predictions may be refined by modifying glacial, 
evapotranspiration or groundwater variables                                                                                                                                                                                       
2. Outputs will next be coupled with a floodplain avulsion model and tidal aggradation model to (a) simulate a simplified basin-to-
river mouth sediment dispersal system, and (b) determine whether sedimentation at coast is keeping pace with eustatic sea level rise 
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the next century during the Asian 
monsoon, potentially leading to 
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 How will the Ganges-Brahmaputra delta respond to future sea level rise and 
coastal flooding? To assess such vulnerability one must look at the delta 
balance. A delta’s surface elevation above mean sea level can experience a 
vertical change relative to local mean sea level, �RSL. It is controlled by a 
summation of  5 factors (typical rates shown) (Syvitski et al., 2009):  
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This study focuses on improving the estimates of  the Aggradation Rate due to 
frequent river flooding in the Ganges- Brahmaputra delta (Fig.1) 

                 

Figure 1. Flood maps constructed from MODIS satellite imagery show ~52,800 km2 of 
flooded lands in the delta between 2000-2009 (data from Flood Observatory, hosted at 
the CSDMS: http://floodobservatory.colorado.edu/). Sediment delivery to the G-B 
delta’s surface occurs through overbank flooding of the rivers and tidal reworking.  


!!!!!!!!!!!!!!!!!!!!!!!!!

!!!!!!!!

 2008 tidal delta sedimentation sampling sites  
 2012 mixed tidal-fluvial delta sedimentation  
sampling sites   

Figure 2. Bengal Basin (G-B Delta) and location of sediment traps. Traps were 
deployed in the mangroves of the tidal delta and in a variety of land use settings 
in the heavily cultivated central delta plain for a single monsoon flood season. 


Model Results: Present Day


Figure 4. Direct sedimentation 
results and photos of 
representative field conditions.



A. 2008 tidal delta overall mass 
accumulation average: 1.3 ±1.1 g 
cm-2 (dashed line); 7Be results: 
63% sourced from monsoon 
floodpulse



B. 2012 mixed tidal-fluvial delta 
overall mass accumulation 
average: 2.9 ±2.4 g cm-2 (dashed 
line); 7Be results: ~25% of new 
sediments sourced from 
monsoon floodpulse but highly 
cultivated land suggests greater 
dilution of floodpulse sediments 
with older sediments; we assume 
most newly deposited sediments 
were sourced from floodpulse. 



Based on area and estimated 
mass accumulation, >217 x 106 

tons/year are deposited on the 
lower delta plain. 



 


Field Results: Tidal-dominated and Mixed Tidal-Fluvial Delta Sedimentation + 
Geochemical Fingerprinting 

Sediments deposited on traps during the monsoon floods were processed for mass accumulation, organic matter, grain size 
and short-lived radionuclide tracers (i.e. 7Be and 210Pb). 7Be (t1/2 = 53.3 days) provides a tracer of  floodplain-derived 
sediments tagged within <6 months of  deposition; 210Pb (t1/2 = 22.3 years) indicates older sediment (<100 years). 


Model Validation: Seasonal Sedimentation 
 Model: HydroTrend

•  Fully-developed 1D component  
•  Climate-driven hydrological model 
•  Predicts long-term sediment load as a 

function of  river discharge and drainage 
area + climatological characteristics  

•  Effective for predictions on ungauged 
rivers (Kettner and Syvitski, 2008) 

 


~ mean annual basinwide precipitation

~ trapping efficiency of lakes and        

   reservoirs 

~ maximum relief of the drainage area        
~ mean annual basinwide temperature

~ lithology 

~ glacier ELA and lapse rate

~ Anthropogenic disturbance

~ groundwater storage


Figure 3. Drainage basins of the Ganges and  
Brahmaputra Rivers that are the focus of this 
study. (A) precipitation patterns, (B) hypsometry 
for the two basins. Tsangpo is upper Brahmaputra  


Input Parameters


Preliminary Model Results: Scenario Experiments


Objective

To predict the water and sediment loads discharged from the Ganges and 
Brahmaputra Rivers under (1) an increased precipitation regime, and (2) greater 
trapping by dams predicted to be built on both rivers in the 21st century. Model 
outputs are validated with direct sedimentation measurements collected in the 
tidal delta and mixed tidal-fluvial lower delta plain. 
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Figure 5.C. HydroTrend effectively predicts long-term averaged Ganges River Qw: 1.14 x 104 m3s-1 (compare to 1.14 x 104 m3s-1, 
Jian et al. 2009) but slightly under predicts Brahmaputra River Qw: 1.93 x 104 m3s-1  (compare to 2.01 x 104 m3s-1, Jian et al. 2009) 
D. HydroTrend under predicts long-term averaged Ganges sediment load: 372 x 106 t yr-1  (compare to pre-Farraka Barrage Qs 479 
x 106 t yr-1, Coleman 1969) and effectively predicts Brahmaputra Qs : 611 x 106 t yr-1 (compare to 608 x 106 t yr-1, Coleman 1969). 
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Figure 5. Predicted mean monthly river discharge compared to observed discharge from gauging stations on the A. Ganges and 
the B. Brahmaputra Rivers. HydroTrend under predicts Ganges and over predicts Brahmaputra summer monsoon discharge, 
captures the earlier onset of the summer monsoon discharge in the Brahmaputra basin. Shaded areas mark monsoonal months.


Figure 6. HydroTrend-predicted long-term averaged (150 years) discharges with an 11% increase in monsoon precipitation. A. 
Ganges Qw: 1.12 x 104 m3 s-1 (compare to modern observed 1.14 x 104 m3 s-1, Jian et al. 2009), Brahmaputra Qw: 1.93 x 104 m3 s-1  
(vs. modern observed 2.06 x 104 m3 s-1, Jian et al. 2009). Decreases could be from groundwater or glacial storage.  B. Ganges Qs : 
367 x 106 t yr-1  (compare to observed post-Farraka Barrage 316 x 106 t yr-1, Islam et al. 1999); Brahmaputra Qs: 610 x 106 t yr-1  (vs. 
observed 721 x 106 t yr-1 , Islam et al. 1999). 


Figure 6.C. River discharge and D. sediment load model results with an 11% increase in monsoon precipitation and greater reservoir 
storage volume estimated from reported dam projects in Nepal, India and China. C. Ganges Qw:  1.12 x 104 m3 s-1  (compare to 
modern observed 1.14 x 106 m3s-1, Jian et al. 2009); Brahmaputra Qw: 1.94 x 106 m3s-1 (vs. modern observed 2.01 x 106 m3s-1, Jian et 
al. 2009). D. Sediment loads for Ganges: 366 x 106 t yr-1 (compare to observed post-Farraka Barrage 316 x 106 t yr-1, Islam et al. 1999); 
Brahmaputra: 609 x 106 t yr-1 (vs. modern observed 721 x 106 t yr-1, Islam et al. 1999). 
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Preliminary Conclusions

1.  HydroTrend can effectively predict river discharge; sediment load predictions may be refined by modifying glacial, 
evapotranspiration or groundwater variables                                                                                                                                                                                       
2. Outputs will next be coupled with a floodplain avulsion model and tidal aggradation model to (a) simulate a simplified basin-to-
river mouth sediment dispersal system, and (b) determine whether sedimentation at coast is keeping pace with eustatic sea level rise 
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Qw: 1.14 x 104 m3s -1


  (same as observed)


Qw: 1.93 x 104 m3s -1

  (observed:

 2.01 x 104 m3s -1)


•  What are depositional patterns over a single flood season 
and over ~50 years?  

•  What are longitudinal trends in sedimentation? 
•  What can simple numerical models tells us about the lateral 

distribution of sediment over the delta plain? 

F in 	
  (x)

F e ro 	
   (x)

F d e p o 	
   (x) F o ut	
   (x)

stroomafwaarts

x x + 1x - 1

F in 	
  (0 ) ∂Hx

∂t
=
∂F
∂x

Topography (H) depends on 
sediment flux (F)


Cumulative 50 Year Flood Event Deposition in m

 

 

20 40 60 80 100 120

20

40

60

80

100

120

140

160

180 −0.5

0

0.5

1

1.5

D
ep

os
iti

on
 in

 m

X = 90 

X = 40 

X = 10 

90
 k

m
 

60 km 

40

45

50

55

60

65 70
75 80 85

7

6

5

40

45

50
55

60
65

70
75

80

85

10

9

8

25
30

35

40

45

50

55

60

65

70

75

80 85

90

0

1

Median Grainsize [mu]

      30      60      90     120     150     180     210     240     270     300

X = 10"

X = 40"

X = 90"

50 yr deposition >1.5m"
Overbank sands amalgamate"

50 yr deposition ~ 0.2 -1m"
2nd order channels disconnected             "

50 yr deposition ~ 0.1 -0.7m"
2nd order channels disconnected"

Do
wn

st
re

am
 F

in
in

g"

2nd order 
channels 
(1-2 km) 
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2) Rapid 
 sedimentation causes 
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Field Results: 2012 combined floodpulse        
sedimentation patterns


0 

0.2 

0.4 

0.6 

0.8 

1 

1.2 

1.4 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

5.1.D 5.2.D 5.3.B 7.1.A 7.2.D 7.3.A 8.1.A 8.1.C 

7B
e inventory  (dpm

 g
-1 cm

-2) M
as

s 
ac

cu
m

ul
at

io
n 

(g
 c

m
-2

) 

  

  7Be inventory 

mass flux 

Regional vertical accretion:  2.3±0.9 cm y-1 
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Predicted Ganges = 372 x 106 t yr-1   (vs. Coleman, 1969: 479 x 106 t yr-1) 

Predicted Brahmaputra  = 611 x 106 t yr-1 (vs. Coleman, 1969: 608 x 106 t yr-1) 
 

Simulated 55-year mean annual sediment discharge

 

•  Average sedimentation rates in fluvial-dominated part of  delta plain are 2.3 cm/yr ; 
higher sedimentation rates near to channel edges 

•  Modeled sedimentation has a strong longitudinal grain size trend; highest 
aggradation and sandiest near ‘apex’ and again near coastal boundary. Model predicts 
strong downstream fining; predominantly a consequence of  sediment availability. 
Siltier, lower channel belts occur towards the coastal floodplain 

•  Model predicts significant interconnectivity of  sandy sediments in 2nd-order channel 
simulations, channels or 3rd order contribute to floodplain but appear more isolated  

•  In future: design experiments with IPCC projections for 21st century changes in 
precipitation and temperature, plus greater sediment trapping efficiency of  dams 
planned by India and China; similar experiments including tidal sedimentation model 

Conclusions and Next Steps:


Results:


1. Bengal Basin: tectonically deformed 
from continental collision of India into 
Eurasia 


2. Monsoon-driven climate system:   
80% of Qw and 95% of Qs from May-
Sept. Peaks in August.


3. Large sediment discharge:                             
Qs ~ 992 x 106 tons/y  


4. Bangladesh: ~1000 people/km2; 
lower delta plains/population 
vulnerable to sediment reduction 
from upstream dams + sea level rise


Study Area


Results: predicted compared to gauge data


Pre-monsoon sediment trap array Post-monsoon trap recovery 

Simple Conceptual Model                    
(aka simplifying a complex system)


•  Mimics avulsion of  a single river over 
delta plain, calculates river channel 
belt by steepest-descent approach 

•  2D longitudinal profiles embedded as  
dynamical flowpath in a 3D grid-
based space 

•  Two-step nested approach:  
sedimentation and erosion fluxes for 
main channel belt are calculated;  
sediment is distributed laterally  

•  Generates levees and builds a channel 
belt elevated over the adjacent 
floodplain.  

•  Multiple grain-size classes are 
independently tracked 

 

summer monsoon


Te, trapping efficiency by lakes and reservoirs;  
R, relief; T, basin-wide temperature 

summer monsoon


Q =Qrain+Qsnow+Qice+Qgw

Empirical model for suspended sediment discharge, Qs:
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varies between 5000-6000 m elevation depending on rain-shadow effects and monsoonal pattern, 
but in these initial runs we used an ELA of 5800 m uniformly over the basin. 
We find a good match between our predicted discharge curves for a 100-year HydroTrend run 
under present-day climate conditions with observed data at Farakka (Ganges River) between 1949 
-1973 and Baharadur (Brahmaputra) between 1969-1975 as well as Panda (upstream 
Brahmaputra) between 1956-1979. The mean annual discharge for the Brahmaputra matches 
observed data with less than 6% deviation. The annual peak month (predicted at ~4.2*104 m3/sec 
and observed at ~4.0*104 m3/sec) and the monthly distribution pattern are well captured. 
Similarly, the Ganges mean annual deviates 12% from the observed values, which can partly be 
explained by the fact that the Farakka gauging station is not located at the river mouth and 
additional runoff is still contributing in the downstream part in the model. The annual peak month 
matches well (predicted at ~4.4*104 m3/sec and observed at ~4.3*104 m3/sec). These comparisons 
make us confident that HydroTrend mimics the hydrological processes and their monthly 
dynamics well. 

 
 
Figure 3. Delineated drainage basins of the Ganges River, the Tsangpo River and the Lower Brahmaputra 
River. The two top panels summarize the precipitation pattern (A) and the hypsometry (B) for the two main 
basins. 
 

Figure 4 shows the sediment rating curves for each of the three sub-systems based on the 
100-year HydroTrend simulations. Each monthly sediment load is plotted versus the monthly 
water discharge, illustrating the enormous spread in events for these monsoon-driven rivers. We 
used the sediment rating curves to speculate on the discharge at an enhanced monsoonal regime. 
One can infer from the rating curves that to increase the mean sediment load with a factor 2.5, 
(the estimated increase based on the previously discussed field data reconstruction), the discharge 
needs to go up with approximately a factor 1.5, or 1.6 in case of the Tsangpo Basin.  

where



