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ABSTRACT 

High-accuracy airborne digital elevation models (DEMs) are not always available esp. in developing countries. 
Relying on spaceborne DEMs is one of the popular approaches. Our objective is to best utilize the available 
spaceborne DEMs. This study focuses on the estimation of the sediment deposition by the operation of tidal 
river management (TRM) in southwestern Bangladesh (SWB) which is seriously suffering from perennial pluvial 
flooding. TRM is the process where the designated lowland (beel in Bengali term) is connected to the tidal river 
by opening/cutting the embankment and letting the natural tidal flow up-down for land-heightening, river 
deepening and managing drainage congestion. Better topographical data is necessary for the estimation of 
sediment deposition. This study uses the three spaceborne DEMs namely 1) AW3D, 2) SRTM, and 3) ASTER. 
We also used high accurate terrain elevations (Yamazaki et al., 2017), MERIT DEM, where multiple error 
components are removed from existing spaceborne DEMs (excluding ASTER). In the case of Polder 24 in SWB, 
MERIT DEM also shows that almost whole areas in two eastern beels are with same elevation values, which is 
not realistic. We considered the use of ASTER to fill the gaps of MERIT DEM. Raw and improved DEMs were 
then used for the simulation. The simulation model is a two-dimensional unsteady flow model based. MERIT 
DEM shows higher applicability than raw DEMS and improved DEM is found to be superior. Our results showed 
that the error of one DEM could be reduced by using another DEM or locally surveyed information. 
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1 INTRODUCTION  
High-accuracy airborne DEMs are available in developed countries, and the horizontal resolution & the 

vertical accuracy associated with such data are significantly better compared to the spaceborne DEMs or DEMs 
derived from contour surveys, cartography, or/and photogrammetry. But many regions of the world esp. 
developing countries still rely on spaceborne DEMs. Accuracy of terrain elevation mapping has improved in 
recent years as a result of advances in remote sensing techniques. The Shuttle Radar Topography Mission 
(SRTM) measured land elevations using radar interferometry. More recently, higher spatial resolution global 
DEMs, such as ASTER GDEM (Advanced Spaceborne Thermal Emission and Reflection Radiometer‐Global 
DEM) and AW3D‐DEM (ALOS: Advanced Land Observing Satellite, World 3D‐DEM), have been developed 
using stereo viewing of optical satellite images. However, spaceborne DEMs contain various observational 
errors like speckle noise, stripe noise, absolute bias, tree height bias, and so on. Methods for removing these 
errors from spaceborne DEMs have been developed by utilizing other satellite data sets and filtering techniques. 
Some researchers (Chen et al., 2018; Yamazaki et al., 2012) have adjusted spaceborne DEM for use in flood 
modelling, and some researchers (Hashimoto et al., 2018; Hsu et al., 2016; Li and Wong, 2010; Saksena and 
Merwade, 2015; Tarekegn et al., 2010; Yamazaki et al., 2010) have assessed the effects of DEM resolution and 
accuracy on floodplain inundation and sediment transport. 

Yamazaki et al., (2017) developed high accurate terrain elevations named as Multi-Error-Removed 
Improved-Terrain DEM (MERIT DEM) by eliminating multiple error components from existing spaceborne 
DEMs. AW3D and SRTM DEMs were used as the baseline DEMs and the unobserved areas were filled with 
the Viewfinder Panoramas DEM (VFP-DEM) and other sources [Please see (Yamazaki et al., 2017) for the 
detailed information]. ASTER GDEM was not used in their study due to the fact that the height errors are larger 
than the SRTM and AW3D DEMs. Even though significant improvements were found, there are some 
observation gaps. At first, this study assesses the performance of different spaceborne and MERIT DEMs, 
secondly, proposes some improvement on MERIT DEM at local level utilizing ASTER GDEM and surveyed 
information and finally employs sediment transport simulation for effective sediment/pluvial flood management. 

2 CONCEPT OF TIDAL RIVER MANAGEMENT (TRM) AND STUDY AREA 
South western Bangladesh (SWB) has been badly affected by prolonged pluvial inundation due to poor 

drainage facilities and excessive riverbed siltation. Low lying lands were enclosed by earthen embankments 
forming polders keeping main tidal channels outside. Polderization was done mainly to protect land and 
livelihood from floods, salinity intrusion and to facilitate increased agricultural production. The presence of 
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embankments on both sides of the river denied the entry of the tides into the polders and gradually prevented 
the slow process of land formation on flood plains. As a result, the heavy loads of silt carried by the tides settled 
on the riverbed. The natural flow was seriously altered and rivers lost their navigability. 

The land inside the polders gradually lowered than riverbed outside the polders and even closed the exits 
of the sluiced gates. The Matabhanga and Gorai Rivers (shown in Figure 1 a) are the main distributaries of the 
Padma River for a freshwater upland flow which virtually get no water from upstream in the dry season. These 
tidal rivers could not effectively drain the nearby lands and polders anymore, which results in serious 
waterlogging (shown in blue in Figure 1 a). Dredging and excavation are not eco-friendly and cost-effective. 
Temporary de-poldering and then controlled flooding (popularly known as TRM) in a designated beel, allows 
the natural tidal flow up-down for sediment deposition, and river deepening. During every tidal up and down, 
muddy water enters the selected beel during high tide with a thick concentration of sediments, depositing a 
major portion of suspended sediments and relatively clearer water erodes the river bed while flowing back 
towards the sea during low tide. Detailed information can be found in Talchabhadel et al., (2018) about the 
process and mechanism of TRM. Since sedimentation determines the life span of a basin and the rate of raising 
the land (Talchabhadel et al., 2017b), the estimation of sedimentation is crucial information for proper planning. 
Better topographical data is necessary for the estimation of sediment deposition. High-accuracy airborne DEMs 
are not always available esp. in developing countries like Bangladesh. Conducting a field-based survey is time 
and money consuming. We try to assess the effectiveness of available spaceborne DEMs. We used three 
spaceborne DEMs, a MERIT DEM. This study attempts to further improve the terrain described in the 
subsequent section. 

This study focuses on Polder 24 (shown in Figure 1 b). Five beels namely A, B, C, D, and E are taken as 
operational tidal beels for the operation of sequential TRM. Out of five selected beels, two beels namely beel 
Bhaina (D) and east beel Khuksia (E) have already experienced the operation of TRMs during 1997-2001 and 
2006-2012 respectively. Three other beels (i.e. A, B and C) are hypothetically selected. 

Figure 1: older 24 and five selected beels (pb and ,SWBater logged areas in (wLocation map of study area. a
. A, B, C, D and Ebiz .  

3 DATA AND METHODS 
Figure 2 shows the elevation based on three spaceborne DEMs (i.e. SRTM, AW3D, and ASTER GDEM) 

and MERIT DEM across the study area. The SRTM DEM (90 m resolution) was generated by C‐band radar 
interferometry on board the space shuttle during February 2000. The AW3D DEM (30 m resolution) was 
generated by the Panchromatic Remote‐sensing Instrument for Stereo Mapping (PRISM) on the ALOS which 
operated from January 2006 to April 2011. ASTER GDEM (30 m resolution data taken 2000 - 2008) uses 
stereoscopic correlation techniques. Despite a high nominal resolution, the true resolution is considerably low. 
Even it has a limitation of the presence of artifacts (notably reduced in version 2) but has more realistic values 
over water bodies compared to SRTM. 

The spatial distributions of elevation based on all three spaceborne DEMs are quite different from one 
another. Broadly SRTM and AW3D are congruent to some extent. ASTER GDEM shows an east-west declining 
gradient of elevation with some unusual patches. The absolute magnitudes of elevation are also dissimilar. The 
variabilities or ranges of elevation are higher in ASTER GDEM and AW3D. In the case of Polder 24 in SWB, 
MERIT DEM also shows that almost whole areas in two eastern beels i.e. beels D and E (shown in Figure 2 d) 
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are with the same elevation values, which is not realistic. This might be due to the limitation of SRTM observation 
over water bodies/ inundated areas (shown in Figure 2 a) and importantly MERIT DEM is taking SRTM as base 
DEM.  

Figure 2: spaceborne DEMs [a. SRTM, b. ASTER, c. AW3D and d. MERIT] of Polder 24. Note: legend scales 
are different 

An inter-comparison of different DEMs is made in grid basis and some cross-sections. Absolute and relative 
comparisons of elevation are conducted. In addition, the performance of water/sediment simulation based on 
four DEMs was conducted using a numerical simulation. The ground was divided into a non-structured triangular 
mesh and the size of the computation mesh is not uniform. The smaller mesh is specified in the river system. 
The delineation of the beel areas is done looking the google images for three hypothetical beels i.e A, B, and 
C. The direction and width of the river channel inside the hypothetical beels were assumed taking into
considerations of the selected area of the beels and the topographical settings. The elevations of river channels
are manually decreased to let the tides easily flow. The elevation data of Hari River based on the survey data
of March 2007 by the Institute of Water Modelling (IWM)) was used to estimate the profile and gradient of the
rivers. The link canals were assumed to be connected to the nearby location in the main channel of the tidal
river. The ground was divided into non-structural triangular meshes. The smaller meshes were specified in the
river system with an average size of 10m and larger meshes were given for the remaining with an average size
of 50m. The total mesh number is 76242. The meshes at river system, channels and connecting canals were
given 0.025 manning roughness coefficient whereas 0.045 for the remaining.

The flood simulation model is a two-dimensional unsteady flow model based on a shallow water equation 
and a suspended sediment transport is used for transport of the sediment. Please see Talchabhadel et al., 
(2018) for the detailed information about the sediment properties, boundary condition, and numerical simulation. 
The model has also been checked and validated with experimental and filed based results (Talchabhadel et al., 
2017a, 2017b, 2018).  
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Where, h is the water depth, M and N are fluxes in the x and y directions respectively, u and v are velocities 
in the x and y directions respectively, H is the water level and g is the acceleration of gravity. To solve this 
equation, leap frog difference scheme was employed. Suspended sediment transport was simulated using the 
equations:      



E-proceedings of the 38th IAHR World Congress
September 1-6, 2019, Panama City, Panama

4732
 

𝜕(𝐶ℎ)

𝜕𝑡
+

𝜕(𝐶𝑀)

𝜕𝑥
+

𝜕(𝐶𝑁)

𝜕𝑦
= 𝐷 (

𝜕2(𝐶ℎ)

𝜕𝑥2 +
𝜕2(𝐶ℎ)

𝜕𝑦2
) + 𝐸 − 𝐶𝑤  [4] 

𝑤 =  √
2 

3
(

𝜎

𝜌
− 1) 𝑔𝑑 +

36𝜈2

𝑑2 −
6𝜈

𝑑  [5] 

𝐸 = 𝑤𝐶∗  [6] 

𝐶∗ = 0.015
𝑑𝑇1.5

𝑎𝐷∗
0.3  [7] 

𝐷∗ = 𝑑 [
(

𝜎

𝜌
−1)𝑔

𝜈2
]

1/3

  [8] 

𝑇 =
𝜏−𝜏𝑐

𝜏𝑐
 [9] 

where 𝐶 is the concentration of sediment, 𝐷 is a coefficient of diffusion, 𝐸 is the parameter of flowing up, 𝑤 

is the settling velocity,  is the density of sediment particles,  is the water density, 𝑑 is the diameter of sediment 
particles and 𝜈 is the coefficient of kinematic viscosity of water, 𝐶∗ is the equilibrium concentration of sediment 
using (Van Rijn, 1984), 𝑎 is the reference level taken 0.05H,  𝐷∗ is the particle size parameter, 𝑇 is an excess 

bed shear stress parameter, 𝜏 is the bottom shear stress and 𝜏𝑐 is the critical bottom shear stress according to 
Shields . Given the situation, 𝐷 was set to 0.1 m2/s. The bed level changes were computed from the information 
suspended load transport rates using the mass-balance equation. 

(1 − 𝜆)
𝜕𝑧𝑏

𝜕𝑡
= 𝐶𝑤 − 𝐸    [10] 

Where 𝜆 is the sediment porosity. 

The rate of sedimentation is only carried out during the dry period (Oct – Mar i.e. 6 months in a year). It is 
assumed that the silt deposition in the river channel after one year is dredged for next year operation. One beel 
is effectively operated for 4 years and subsequently, another beel is operated after the termination of one beel. 
It is assumed that during the operation of TRM, there is an availability of crossing dam (Shampa and Pramanik, 
2012) upstream of the link canal that allows easy flow of tides into the selected beel. In addition, the selected 
beel is surrounded by peripheral embankments. The current sediment transport model does not take account 
of salinity intrusion. This study has attempted to consider the use of ASTER GDEM to fill the gaps of MERIT 
DEM. As the height errors of ASTER GDEM are relatively large, we have attempted to utilize the variability of 
elevations of ASTER GDEM and use the magnitude of surrounding values of MERIT DEM to fill the data gap. 
The modification of MERIT DEM is made using following equation.  

 𝑋𝑏𝑎𝑑 𝑀𝐸𝑅𝐼𝑇 =
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where, 𝑋 is elevation value at the pixel. The limited bathymetric surveyed data of March 2007 provided by IWM 
was used to estimate the profile of the river channel and check the performance of space-borne DEMs. The 
improved DEM obtained was again used to generate the mesh elevation data. For the comparison of a temporal 
behavior of sediment deposition based on different DEMs (including our improved DEM), we normalized the 
different time total deposition with a maximum total deposition.  

𝑧𝑡𝑜𝑡𝑎𝑙(%) =
(𝑧𝑡𝑜𝑡𝑎𝑙)𝑡

(𝑧𝑡𝑜𝑡𝑎𝑙)𝑚𝑎𝑥
(𝑖𝑛 100)  [12] 

where (𝑧𝑡𝑜𝑡𝑎𝑙)𝑡   is total sediment dep. in beel at time t, and (𝑧𝑡𝑜𝑡𝑎𝑙)𝑚𝑎𝑥  is total maximum sediment dep. in beel.

4 RESULTS AND DISCUSSIONS   
Firstly we tried to inter-compare the performance of different DEMs. The average elevation of all 5 selected 

beels is computed on 1 km X 1 km grid. The absolute values of ASTER GDEM are quite high compared to the 
other three DEMs (AW3D, MERIT, and SRTM). However, all DEMs are capturing the variability of the elevation 
with some noticeable fluctuations.  Figure 3 shows a sample of inter-comparison of average elevations derived 
from different DEMs. To have a clear demonstration of the variability of elevation inside the beels, relative 
elevations with respect to the spatial average of the corresponding beels were computed. Figure 4 shows the 
deviations of elevations in 5 selected beels of the study area. The performance of different DEMs in different 
beels is not following a single pattern. More or less the variability has been captured in most of the cases. To 
discuss the superiority of the DEMs with certainty, it is necessary to compare with ground-based surveyed data. 

Secondly, we analyzed the elevation profiles at different cross-sections (shown in Figure 5). As mentioned 
earlier, the absolute values of ASTER are bigger. However, the variability of ground undulation has been 
captured. The variabilities of SRTM and MERIT are comparatively lower. Importantly, in cross-section D, they 
are showing exactly flat land. In the case of cross-section E also, they show almost similar nature. During SRTM 
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observation beel D was operated as tidal basin therefore inundated areas showed such values. The same thing 
happened for inundated areas in beel E. The base data of MERIT DEM is SRTM in most of the cases of the 
study area. To correct these noises in MERIT DEM, we used the variability of ASTER in waterlogged areas (i.e. 
exactly same values over a bigger region in MERIT DEM). 

Figure 3: Sample of 1km X 1km grid in beel A [left], average elevation of grids in beel A [right] 

Figure 4: Deviation of elevations from spatial average in 5 selected beels 

Before correcting the DEM, flood and sediment simulation were conducted on these four DEMS. The flood 
extents and resulting sediment depositions from different DEMs showed quite different patterns. Because of 
difference in elevation data, the flow velocity and directions were significantly affected. The sample results in 
beels A and E of the study area are shown in Figures 6 and 7 respectively. Figure 6 (left) shows flood extents 
during high tide based on different DEMs. More or less, the spatial patterns of AW3D and MERIT are almost 
similar, the spatial pattern of SRTM is to some extent following similar pattern but with a reduced volume. But, 
the pattern of ASTER is totally different for beel A. ASTER data has an east to west gradient (can be seen in 
Figure 2b) of decreasing elevation, therefore the western side of study area has a huge potential of flooding. 
The resulting sediment deposition (Figure 6 right) is strongly affected by flow velocity and direction. In general, 
the spatial patterns of flood and sediment deposition based on SRTM and MERIT are almost congruous, slight 
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variations occur whereas they are quite different from AW3D and ASTER. In the case of two eastern beels (i.e. 
D and E) sample shown in Figure 7, the results based on SRTM and MERIT are not appropriate. Our simulation 
results suggested to improve the topography esp. around beels D and E. Since beels D and E are TRM operated 
areas, the simulated results could be checked with observed sediment deposition. Even though, the simulated 
results in beels A, B, and C could not be checked with observations, visual judgments could be made. 

B 
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Figure 5: Elevation profiles of different cross-sections (A, B, C, D, E) at 5 selected beels 

Figure 6: Sample flood extents during high tide [left] and sediment deposition after 4 years of TRM in beel A 

Figure 7: Sample flood extents during high tide [left] and sediment deposition after 4 years of TRM in beel E 

D 
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Figure 8: a) MERIT DEM incorporated with variation of ASTER, b) ground-based surveyed data of March 2007 
provided by IWM, c) improved DEM, and d) sediment deposition after 4 years of TRM using the improved DEM 

Finally, we attempted to improve the MERIT DEM using the variability of ASTER GDEM. Figure 8 shows 
the process involved in improving terrain; a) bad values of MERIT DEM were replaced by the variation of ASTER 
embedded MERIT DEM, b) available ground-based survey data of March 2007, c) improved DEM based on 
local survey data, estimated elevation for river and connecting canals, and d) the final simulated sediment 
deposition after 4 years of TRM in each beel one after another based on the improved terrain. On comparison 
with observed sediment deposition and spatial distribution in beels D and E (Ibne Amir et al., 2013; van Minnen, 
2013) the simulated results with the improved DEM show better agreement compared to simulations with the 
same model using the individual DEM. In this study, we could not validate for three beels (A, B, and C). And for 
two eastern beels (D and E) also, the inundation depth on beels and intermediate sediment deposition could 
not be checked, however, in future research, we shall conduct similar studies on data available areas. 

The temporal behavior of sediment deposition based on different DEMs (including our improved DEM) are 
analyzed. Since the absolute values vary a lot for different DEMs, we normalized the different time total 
deposition with a maximum total deposition within that time derived from a DEM. The sample for 10 days is 
shown in Figure 9. The black line shows the temporal behavior of sediment deposition based on improved 
DEM. It is, in fact, difficult to judge the superiority of DEMs without observed data of temporal data of sediment 
deposition. By looking at the temporal variation of simulated sediment deposition, the results of improved DEM 
show reasonable fluctuation. 

A B 
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Figure 9: Sample temporal distribution of sediment deposition in 5 selected beels 

Figure 10 [left] shows the simulated sediment deposition after TRM based on the improved DEM. The 
lines represent the minimum sediment deposition inside beel whereas bars represent the maximum sediment 
deposition inside the beel. The maximum sediment deposition is about 2.2 m in beels D and E and about 1.7 m 
in beels A, B, and C. The observed sediment deposition due to operation of TRM in beel D (1997-2001) is about 
an average of 0.8 m varying from 0.2 m in the far end to 2 m near cut point. Similarly, the minimum sediment 
deposition is about 0.45 m in beels D and E, about 0.33 m in beels, B and C, and about 0.27m in beel A. Our 
simulation results showed the average deposition of 0.85 m varying from 0.44 m to 2.21m in beel D. Similarly, 
the observed sediment deposition due to operation of TRM in beel E (2006-2012) is about an average of 1.2 m 
varying from 0.5m in the far end to 2 m near cut point. The simulation result showed an average of 0.92 m 
varying from 0.46 m to 2.22 m in beel E. The actual operated TRM is more than 6 years and we simulated for 
repetitive 4 years as a hypothetical case. Therefore, the total deposition of sediment is low in our simulated 
case. The spatial patterns of sediment deposition are almost agreeable with observed patterns. Even though 
the deposition results in beels A, B and C could not be compared with real case, we believe such patterns would 
exist if those beels are allowed for the operation of TRM. In general, the spatial distribution of sediment 
deposition shows a higher deposition near the inlet and subsequently lower deposition with increasing proximity. 

Figure 10 [right] shows a change in pluvial flooding susceptibility before and after TRM based on improved 
DEM. The susceptibility of pluvial flooding is determined using rainfall and topography. It shows that the very 
high pluvial flooding susceptibility that is observed before TRM has been shifted to lower (i.e. very low, low and 
moderate) pluvial flooding susceptibility after TRM. TRM simply allows beneficial flood in raising land, scouring 
silted river and improving drainage congestion. It is one of the examples of building with nature with less human 
interventions for a possible remedy for waterlogging, drainage congestion, and river siltation. For effective 
planning of such TRM system, information on sediment deposition estimation is crucial. Better topographical 
data allows us for better planning. Our study attempts to assess the effectiveness of available spaceborne 
DEMs and proposes a simple method of terrain improvement relying on the concept of an error of one DEM 
could be reduced by using another DEM or locally surveyed information. For detailed planning of rotation of 
TRM, it is suggested to conduct ground-based topographical survey. 

Overall, the flood extents and resulting sediment depositions of different spaceborne DEMs showed 
different patterns. In general, MERIT DEM had the highest applicability compared to others (ASTER, SRTM, 
and AW3D). In case of data gaps in MERIT, our improved terrain primarily based on MERIT and ASTER’s 
variability produced reliable results. The methodology we proposed is applicable in data scarce condition. Due 
to the limitation of bathymetric/topographical data, and airborne DEM, the simulation might not be completely 
realistic. For improved simulation, airborne DEMs or surveyed data are necessary. The influence of the vertical 
accuracy of the elevation data on sediment transport has been highlighted in Hashimoto et al., (2018). 

C D 

E 
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Figure 10: Simulated sediment deposition (maximum in bar and minimum in line) in 5 selected beels after TRM 
based on improved DEM [left], and change of pluvial flood susceptibility level before and after TRM in the study 
area [right]. 

5 CONCLUSIONS 
In this study, we firstly performed the inter-comparison of performance of different spaceborne DEMs. Then 

we improved the DEM by utilizing the variability of another DEM. This study focuses on the estimation of the 
sediment deposition by the operation of TRM. MERIT DEM shows higher applicability than raw DEMS and 
improved DEM is found to be superior. Our results showed that the error of one DEM could be reduced by using 
another DEM or locally surveyed information. We believe the methodology proposed is applicable in data scarce 
condition. Due to the limitation of bathymetric/topographical data, the simulation might not be completely 
realistic. For improved simulation, airborne DEMs or surveyed data are necessary. Based on our analysis, the 
estimated sediment deposition after operation of TRM has been assessed for 5 selected beels, which shows 
about 2 m of maximum deposition in 4 years in two eastern beels and about 1.7 m of maximum deposition in 4 
years in the remaining three beels. The implication of TRM has been highlighted by the reduction of pluvial flood 
susceptibility. For effective planning of such TRM system, information on sediment deposition estimation is 
crucial. It is recommended to carry out intensive field-based topographical survey for detailed planning of 
operation and rotation of TRMs. 
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