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Topographical dynamics based on global and UAV-SfM derived DEM 20 

products: A case study of transboundary Teesta River, Bangladesh 21 

Abstract 22 

Topographical changes in riverine floodplains need to be measured for assessing 23 

geomorphological dynamics and protecting floodplain areas, although topographic evaluation 24 

in disaster-prone floodplain in South Asia has been limited due to the lack of multitemporal, 25 

high-definition digital elevation models (DEMs) derived from modern techniques including 26 

airborne laser scanning, structure-from-motion (SfM) photogrammetry accompanied with 27 

Unmanned Aerial Vehicle (UAV, often referred as drone), and field-based mapping approaches. 28 

Here we conducted a preliminary study at two locations of Teesta River (Brahmaputra’s 29 

tributary) in Bangladesh using the UAV-SfM techniques and generated high-resolution DEMs. 30 

The selected locations represent dynamic changes of sediment and water on the floodplain over 31 

the years, and the UAV-SfM approach can be an effective method for monitoring those changes, 32 

but an archive of the past data has been unavailable. Here we evaluated the topographic changes 33 

by comparing the UAV-SfM-derived DEMs of 2022 with global DEM products (NASADEM 34 

of 1999), which are often the only available choice of DEMs in this river floodplain. The 35 

elevation differences of these two sets of DEMs were in the range of −5.23 to −84.66 m, and 36 

volumetric changes of −4.11±0.15 to −86.25±0.20 million m3, likely dominated by erosional 37 

processes towards the left side bank where the elevation errors are supposed to be several meters 38 

for UAV-DEM and ca. 5-12 m for NASADEM. Although it is not easy to accurately evaluate 39 

the absolute values of the changes, these changes may be associated with the upper basin’s 40 

morphodynamics. The considerable changes in topography indicate the importance of 41 

continuous terrain evaluation in disaster-prone floodplains. 42 

Keywords: Unmanned aerial vehicle (UAV); Structure-from-motion (SfM); NASADEM; 43 

DEM of difference (DoD), Cross-sectional profiles; Volumetric change estimate; Geomorphology. 44 

1. Introduction 45 
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In fluvial geomorphology, river topography measurement is a significant concern and a basic 46 

descriptor for understanding the geomorphic processes (Woodget et al. 2014; Özcan and Özcan 47 

2021). The analysis of spatiotemporal modifications of the river, which are suddenly changing 48 

the flow pattern and hydro-geomorphology due to natural and anthropogenic factors, requires 49 

better hazard assessment since these processes can result in flood phenomena and suffering to 50 

human society (Rinaldi et al. 2017; Fanta-Jende et al. 2020). In this regard, the river 51 

topographic model plays a critical role in investigating a range of the earth's surface processes 52 

and detailed monitoring of the fluvial environment (Watson et al. 2019; Salandra et al. 2022). 53 

For topographic studies, freely accessible global digital elevation model (DEM) products such 54 

as National Aeronautics and Space Administration DEM (NASADEM, released in 2020), 55 

ALOS Global Digital Surface Model (AW3D30, released in 2020), TerraSAR-X add-on for 56 

Digital Elevation Measurement (TanDEM-X, released in 2018), Multi-Error-Removed 57 

Improved-Terrain (MERIT, released in 2017), Advanced Spaceborne Thermal Emission and 58 

Reflection satellite (ASTER, released in 2006), and Shuttle Radar Topography Mission (SRTM, 59 

released in 2003) are often used in the absence of finer resolution data which is limited for 60 

multitemporal assessment (Watson et al. 2019; Uuemaa et al. 2020). Among the existing freely 61 

available global DEM data sets, the NASADEM, reprocessed from the STRM-1999 62 

measurement offer near-global land surface coverage at 30 m spatial resolution has been 63 

considered here as baseline topography because of its recent improvements and accuracy 64 

(NASA JPL 2020; Uuemaa et al. 2020; Tran et al. 2023). The orbital nature of satellites 65 

hampered the revisit frequency (i.e., low temporal resolution) to the same location, so it is not 66 

easy to track dynamically changing rivers (Rhee et al. 2018).  67 

The recent advents in Unmanned Aerial Vehicles (UAVs) or Dynamic Remotely 68 

Operated Navigation Equipment (DRONE) are advantageous over satellite and piloted aircraft 69 

in data acquisition which is widely used in monitoring dynamic changes in river morphology 70 
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(Van Iersel et al. 2016; Rusnák et al. 2018; Cai et al. 2022), natural hazards management 71 

(Giordan et al. 2018), and water resource management (Acharya et al. 2021). The UAV 72 

(DRONE) is defined as an unmanned aerial system that can have an autonomous flight with or 73 

without an engine, be remotely controlled, and be able to collect data (Giordan et al. 2020; 74 

Acharya et al. 2021; Oguchi et al. 2022). The high-resolution DEMs generated from UAVs 75 

following the structure-from-motion (SfM) multi-view stereo photogrammetry (SfM-MVS) 76 

workflow are becoming increasingly common for assessing earth surface processes (Smith et 77 

al. 2015). Several studies, for example, Annis et al. (2020), Avand et al. (2022), Oguchi et al. 78 

(2022), and Salandra et al. (2022), demonstrated the importance of high-resolution DEMs for 79 

more accurate geomorphological and topographical analysis. The advances in survey 80 

equipment (i.e., UAVs, LiDAR) and data processing software (i.e., Agisoft Metashape) enable 81 

the production of rapid and accurate high-resolution topographic data (i.e., DEMs), over the 82 

decades in river environments (Picco et al. 2023). The characterization of hydro-83 

geomorphological features, channel planform changes, and sediment dynamics (erosion and 84 

deposition processes) can be performed using high-resolution topographic analysis, which can 85 

significantly improve our understanding of fluvial regimes (Salandra et al. 2022). The 86 

advanced remote sensing techniques (i.e., LiDAR-light detection and ranging, UAV-SfM) are 87 

encouragingly used in East and South Asian countries like China, India, Bhutan, Nepal, and 88 

Pakistan for fluvial-geomorphic research (Faisal and Hayakawa 2022). In contrast, the UAV-89 

based approaches in fluvial geomorphological and topographical studies are still scarce or have 90 

not started in the context of the Ganges-Brahmaputra-Meghna (GBM) river system in 91 

downstream Bangladesh which is highly influenced by the upper basin’s morphodynamics, 92 

hydrology, sediment flux, and anthropogenic stressors (Faisal and Hayakawa 2022, 2023).  93 

The recent advancement of fluvial research mentioned by Oguchi et al. (2022) and the 94 

geomorphic research gaps in large South Asian GBM Rivers by Faisal and Hayakawa (2022, 95 
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2023) necessitates the UAV-based topographic survey to assess the geomorphic features at 96 

Brahmaputra's river system that changes dramatically. In Bangladesh, several scholars have 97 

employed multi-temporal satellite imageries to investigate the Teesta River (Brahmaputra’s 98 

tributary), focusing on channel dynamics (Khan and Hossain 2001; Khan et al. 2015; Ashrafi 99 

et al. 2016; Akhter et al. 2019), channel bar evolution (Ghosh 2014; Khan and Islam 2015), 100 

and water flow patterns (Mullick et al. 2010; Mondal and Islam 2017). Besides, several studies 101 

about morphological dynamics also exist in the upper part of the transboundary Teesta River 102 

in India, such as Mandal and Chakrabarty (2016), Goyal and Goswami (2018), and Lukram 103 

and Tandon (2022). Furthermore, the evidence of anthropogenic stressors (i.e., dams, 104 

channelization, barrages, channel diversions, and hydroelectric projects) on morphological 105 

characteristics and sediment dynamics along the Himalayan basin is also mentioned in earlier 106 

studies (Kale 2002; Zarfl et al. 2015; Goyal and Goswami 2018; Higgins et al. 2018; Best 2019; 107 

Palash et al. 2023; Raff et al. 2023). Also, in the future, a boom in hydropower dam construction 108 

activity in Asia, mainly in China, India, and Nepal is reported (Zarfl et al. 2015), which can 109 

significantly affect the sediment supply to the downstream delta (Darby et al. 2015; Dunn et al. 110 

2018; Higgins et al. 2018; Raff et al. 2023). 111 

Unfortunately, little or no attention has been paid to the past literature on topographic 112 

change studies due to the unavailability of multitemporal topographic data in the Teesta River 113 

that may have significant implications for understanding the sedimentation pattern and river 114 

floodplain management in disaster-prone South Asian region. The present area of interest 115 

mostly relies on freely accessible terrain data sources. Hence, the topographic survey for 116 

introducing high-resolution terrain data has become necessary for investigating this region's 117 

topography and associated geomorphic dynamics. Therefore, the present work focuses on 118 

utilizing UAV imageries and newly available NASADEM to assess the river’s topographical 119 

dynamics as well as to show the potential applicability of advanced remote sensing techniques 120 
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(UAV-SfM) in developing areas of South Asia, Bangladesh along the Brahmaputra’s tributary 121 

(Teesta River).  122 

The combination of advanced UAV-SfM techniques and satellite remote sensing 123 

embedded with field-based approaches may be helpful for topographic change studies, as the 124 

multitemporal DEMs were unavailable for the present area of interest. Recently, several studies 125 

have been conducted in different parts of the world deriving the topographical and 126 

morphological dynamics comparing the UAV-DEMs to the global DEM products, such as 127 

Hsieh et al. (2016) (Taiwan), Watson et al. (2019) (Nepal), Tang et al. (2019) (China), and 128 

Parizi et al. (2022) (Iran). Although the UAV survey will cover small area compared to the 129 

enormity of the Teesta River, this study definitely fills the knowledge gaps of the previous 130 

studies. The present study is attempted as a novel case study in deriving UAV-SfM-based high-131 

resolution topography (UAV-DEM) and later compared with the available global DEMs 132 

(NASADEM) to evaluate the topographical dynamics and fluvial-geomorphic processes in 133 

South-Asian context focusing at Teesta River, Bangladesh. Hence, we assume that the 134 

dynamics of topographic and volumetric changes (erosion and deposition) of a flood-135 

vulnerable transboundary Teesta River in the Bangladesh floodplain can be quantified from the 136 

calculation of the difference between two subsequent DEMs (DEM of Difference: DoD) 137 

(UAV-DEM 2022 and NASADEM 1999) (Wheaton et al. 2010; Picco et al. 2023). Therefore, 138 

this article aimed to a) assess the topography and geomorphological features focusing on 139 

changes in elevation, volumetric estimates, and river cross-sectional profiles at disaster-prone 140 

Teesta River, and b) introduce UAV-SfM techniques for high-resolution data acquisition in the 141 

lowland river environment as a baseline topographic survey. The study's outcomes will help to 142 

understand the topographical dynamics and fluvial-sedimentation processes and the potential 143 

applicability of UAV-SfM techniques, which can play a crucial role in taking adaptive 144 



7 
 

strategies for river floodplain management and reducing people's suffering from repeated 145 

sediment disasters. 146 

2. Materials and methods 147 

2.1 Study area and UAV mission planning  148 

This study has been conducted in the transboundary Teesta River that flows through the 149 

highlands in Sikkim, the hills of West Bengal, and the floodplains of West Bengal (India) and 150 

Bangladesh (Figure 1). This river has a length of 414 km, drains an area of around 12,159 km2, 151 

and traverses two different countries "India" (83%) and "Bangladesh" (17%) (Alford 1992). 152 

This transboundary river’s flow regime has been affected mainly due to large-scale damming, 153 

causing devastating floods and bank erosion in downstream Bangladesh (Mirchandani 2016). 154 

For instance, severe flooding of the upper Teesta River valley originated from the South 155 

Lhonak Lake’s GLOFs (Glacial Lake Outburst Flood) on 4th October 2023, affected tens of 156 

kilometers downstream, resulting in loss of human life (14 people) with severe damage to the 157 

buildings, highways, and collapsing of Chungthang dam (Sattar 2023; Chauhan 2023). In 158 

Bangladesh, the Teesta River traverses (170 km) through the extreme northern part of 159 

Bangladesh (Nilphamari, Lalmonirhat, Kurigram, Rangpur, and Gaibandha district) and is 160 

crucial for almost 10 million people in this region (BBS 2016; Islam 2016). The Teesta 161 

floodplain covers around 14% of the country's total cultivated land and is one the largest 162 

geomorphic units of Bangladesh (Akhter et al. 2019). It plays a crucial role in flushing silt and 163 

sediment deposited during the dry season, the region's lifeline for irrigation, agriculture, 164 

farming, fishing, and navigation (Prasai and Surie 2013). The sediments are mainly recent 165 

floodplain deposits comprising of clay, silt, fine, and medium-grain sand (Islam et al. 166 

2014). The study area falls in a sub-tropical monsoon (June to September), mostly dry climatic 167 

region (pre-monsoon and post-monsoon), where mean annual rainfall is more than 1900 mm 168 

https://www.sciencedirect.com/science/article/pii/S1040618218309042?via%3Dihub#bib30
https://www.sciencedirect.com/science/article/pii/S1040618218309042?via%3Dihub#bib30
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(decadal 2010-2019 average of 2408 mm) with mean temperature of 35°c and 15°c in the 169 

summer and winter seasons, respectively (Rahman et al. 2011; Akhter et al. 2019; Faisal and 170 

Hayakawa 2023). The annual average discharge of Teesta River ranges from (280‒470 m3/s) 171 

over the 2011‒2022 period, where extreme low-flow conditions (<50 m3/s) (Figure 2) during 172 

the dry season are likely to occur more frequently after India implemented the Gazoldoba 173 

barrage in 1993 (Higano and Islam 2002; Ghosh 2014; Islam 2016; Pangare et al. 2021).   174 

 Unfortunately, the exclusive control of Teesta's upstream water in the dry season at 175 

Gozoldoba (India) makes the Teesta barrage (operation started in 1990) useless and fails the 176 

irrigation project in northern Bangladesh (Khan 2001; Mondal and Islam 2017; Goyal and 177 

Goswami 2018). Furthermore, the sudden release of excessive water in the rainy season causes 178 

flood and bank erosion, leading to severe suffering for the people in Bangladesh (Higano and 179 

Islam 2002). Given the large area of the Teesta River in Bangladesh (>2071 km2), this study 180 

selects two cross-sections considering the minimal UAV survey coverage, assumed to be 181 

representative of the river’s topographical and morphological features investigation focusing 182 

on dynamics changes of sediment and water on the floodplain over the years (Mondal and Islam 183 

2017; Akhter et al. 2019). The selected two cross-sections (CS-1 and CS-2) were relatively 184 

upstream and downstream from the location of the Teesta barrage (Figure 1C), which is one of 185 

the anthropogenic interventions along the main river channel.   186 

 187 

 188 
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Figure 1: A) Overview of study sites in Teesta River (Brahmaputra’s tributary) showing the 189 

transboundary flow regime, B) elevation map with drainage channel, C) enlarged view of 190 

selected cross-sections, D-E) example of mission plan in DroneDeploy for CS-1 and CS-2, and 191 

F-G) field picture showing the erosion along the bank at CS-1 and CS-2 taken in Aug 2022. 192 

D) 

26.2050° N, 88.9967° E 

F) G) 

26.1778° N, 89.0802° E 

E) 
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The UAV survey (drone flight) was planned in DroneDeploy, where Google Earth Pro 193 

was used to select the mission coordinates. The UAV used for the image recording is the DJI 194 

Mavic 2 Pro (equipped with a 20-megapixel, 1-inch RGB CMOS sensor and 35 mm f 2.8 lens 195 

with a 77° field of view), adjusted the altitude in Height Above Ellipsoid (HAE) to elevation 196 

using EGM96 (Earth Gravitational Model 1996) geoid model. The UAV automatically 197 

captured imagery, and each image was georeferenced with 3D coordinates from the UAV's 198 

global navigation satellite system (GNSS) receiver. Multiple flights with more than 75% front 199 

overlaps and 60% side overlaps were ensured to reduce the dome effect and uncertainty in 200 

elevation measurement (James and Robson 2012; Hayakawa and Obanawa 2020). With this 201 

flight plan (Table 1), 775 and 1,050 photos were collected from CS-1 and CS-2, respectively 202 

(Figure 1D-E).  203 

Figure 2: Yearly discharge experienced by study reach measured at Dalia (Teesta barrage) 204 

gauging station from (2011-2022) (Data source: Hydrology directorate, BWDB).  205 

 206 

 207 

 208 
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2.2 UAV and NASADEM data processing 209 

The collected UAV imageries were processed using SfM-MVS photogrammetry software, 210 

Agisoft Metashape Professional (version 1.8.1 Build 13915, 64-bit), which can produce 211 

accurate DEMs from suitable photographs and are used for geomorphic observations, i.e., 212 

debris flow, landslide area, sediment deposits, etc. (Tsunetaka et al. 2020; De Haas et al. 2021). 213 

The standard workflow has been followed to generate the DEMs and orthophotos from the 214 

collected photographs (Smith et al. 2015; Saito et al. 2018; Hayakawa and Obanawa 2020; 215 

Giulietti et al. 2022; Agisoft 2022). The photograph datasets were imported into Metashape, 216 

and the ‘estimate image quality’ program was run for all the photographs before the image 217 

alignment. An image quality value of 0 to 1 indicates the sharpness of the photograph (Wang 218 

and Watanabe 2022), and here the photographs with a value >0.7 were used for subsequent 219 

processing. Here,  some unnecessary photographs (e.g., repeated photographs) were deleted to 220 

reduce the processing work. Distorted pictures resulting from the windy conditions on the flight 221 

day and water surface reflectance limit the image alignment in data processing (Hinge et al. 222 

2019). Here, original UAV image coordinates obtained by uncorrected single positioning of 223 

the aircraft GNSS receiver were used for image alignment. After that, image alignment of 224 

medium quality was applied to generate the point clouds. Then these point clouds were further 225 

processed to generate high-resolution DEMs (as new DEM) and orthorectified images at the 226 

WGS 1984 (UTM Zone 46N) coordinate system. We adopted this approach because of the 227 

unavailability of external GNSS receiver station, ground control point (GCP), referenced map, 228 

and difficulty in accessing possible check points locations in the land-side area. We needed 229 

extensive locations along the survey site to place if the check points or GCPs were to be placed 230 

for reducing model error (James and Robson 2012; Hayakawa and Obanawa 2020), but the 231 

accessibility was quite limited (Figure 1F-G). The error of generated DEM in the absence of 232 

GCPs mostly comes from rational function model error and may impact the accuracy of 233 
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generated DEM (Wang et al. 2019). The characteristics of UAV surveys and the generated 234 

DEMs and orthorectified images are given in Table 1.  235 

 The NASADEM_HGT (30m, void-filled), created by the NASA-MEaSUREs 236 

program and publicly released in February 2020, have been downloaded for the area of interest 237 

from the NASA-LPDAAC (Land Processes Distributed Active Archive Center) website 238 

(available at https://earthexplorer.usgs.gov/) (NASA JPL 2020; Buckley et al. 2020). The 239 

necessary processing including mosaicking, raster projection, and clipping of acquired data 240 

have been performed in ArcGIS (ESRI). This study selected NASADEM (as reference surface 241 

or old DEM of 1999) from global DEMs products because it is relatively new and considered 242 

as the most accurate compared to other freely available DEM datasets, e.g., ASTER, AW3D30, 243 

MERIT, SRTM, and TanDEM-X (Franks et al. 2020; Uuemaa et al. 2020; Li et al. 2020; Tran 244 

et al. 2023; Faisal and Hayakawa 2023).  It is reprocessed from the radar-based SRTM 1999 245 

(Farr et al. 2007) with many improvements to its quality, notably void reduction and artifacts 246 

removal through improved phase unwrapping using auxiliary data from various datasets such 247 

as ASTER GDEM, PRISM (Panchromatic Remote-sensing Instrument for Stereo Mapping), 248 

GLAS (Geoscience Laser Altimeter System), and ICESat (Ice, Cloud, and Land Elevation 249 

Satellite) in processing techniques (Crippen et al. 2016, Buckley et al. 2020; Oguchi et al. 2022; 250 

Tran et al. 2023). The vertical accuracy of NASADEM has been revealed as 5.3 m (USA) 251 

(Buckley et al. 2020), 6.39 m (Estonian) (Uuemaa et al. 2020), 6.59 m (China) (Li et al. 2022), 252 

12.08 m (New Zealand) (Uuemaa et al. 2020), and 12.6 m (Tibetan Plateau) (Chen et al. 2022). 253 

Furthermore, the NASA Jet Propulsion Laboratory (creators of the dataset) claims that the radar 254 

does an excellent job of penetrating the vegetation canopy, so the digital terrain model (DTM) 255 

bias is not significant (Franks et al. 2020).  256 

2.3 DEM of difference (DoD) and volumetric estimates  257 
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The differencing of sequential DEMs to create a DEM of difference (DoD) is particularly 258 

relevant to geomorphic studies because a DoD may provide spatially distributed surface model 259 

of topographic and volumetric change over time (James et al. 2012). Recently, the DoD maps 260 

have been widely used in various studies regarding sediment transport, erosion volume 261 

estimation, landslides, and earthflow (Rumsby et al. 2008; Tseng et al. 2013; Hsieh et al. 262 

2016; Hayakawa and Obanawa 2020; Wang and Watanabe 2022). In this study, DoD maps 263 

have been produced for two cross-sections over the study area. For this, the fine-resolution 264 

UAV-DEMs (0.10 m & 0.11 m) have been resampled to medium-resolution (30 m) products 265 

for the homogeneity of the resolution by using bilinear interpolation method (Tang et al. 2019). 266 

Then, two sets of DEMs (UAV-DEM & NASADEM) are transformed into WGS 1984 (UTM 267 

Zone 46 N) coordinate system for subsequent analysis. Here, the DoD maps are prepared by 268 

subtracting the earlier terrain elevation (NASADEM of 1999) from the later one (UAV-DEM 269 

of 2022) using the raster calculator in ArcGIS (Hsieh et al. 2016; Watson et al. 2019; Wang 270 

and Watanabe 2022). A level of significant change detection (LoD) was determined to filter 271 

out uncertain topographical change and considered for subsequent volumetric change analysis 272 

(Wheaton et al. 2010; Milan et al. 2011).  273 

 The standalone Geomorphic change detection (GCD) 7.5.0 tool (available at 274 

https://gcd.riverscapes.net/) is used to estimate volumetric changes (Wheaton et al. 2010), 275 

which is widely applied for quantifying the spatial pattern of geomorphic changes (James et al. 276 

2012; Kaliraj et al. 2017; Rajakumari et al. 2022). In volume change estimations, the negative 277 

values indicate erosion and positive values indicate deposition (Corsini et al. 2009; Hsieh et al. 278 

2016; Yang et al. 2021), where the volume estimation error can also be gained, as shown in 279 

Table 2. 280 

2.4 Cross-sectional profile  281 

https://www.sciencedirect.com/science/article/pii/S030147972200679X?via%3Dihub#!
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The terrain profile is a standard analytical method to discuss terrain evolution and provides 282 

valuable information about a landscape responding to a changing base level (Kirby and 283 

Whipple 2001; Wobus et al. 2006). Here, profile extraction analysis has been conducted with 284 

the DEMs (NASADEM of 1999 and UAV-DEM of 2022) to identify the changes in 285 

topographic features across the two river cross-sections through ArcGIS environment (Hsieh 286 

et al. 2016; Cirillo 2020). For the straight-line profiling method, the starting and ending points 287 

were first selected, and elevation values between the points were calculated to generate the 288 

terrain profile based on the distribution of elevations. The results were then used to better 289 

understand the dynamic changes of river elevation and sedimentation pattern 290 

(erosion/deposition) on the floodplain over the years.  291 

3. Results 292 

3.1 UAV DEMs resolution and error  293 

The main characteristics of the UAV-generated DEMs of two cross-sections is provided in 294 

Table 1. The resolution of the created DEMs in this study was 0.10 m and 0.11 m at CS-1 and 295 

CS-2, respectively with orthorectified images of 0.04 m. The generated DEMs assessed a 296 

relative camera position error of 5.24 m and 6.35 m in CS-1 and CS-2, respectively which were 297 

processed using original UAV image georeferencing. The generation of high-quality DEM in 298 

inaccessible areas without GCPs has been applied in many studies (Wang et al. 2019) but the 299 

optimized sparse point cloud with identifiable GCPs across the study sites would improve the 300 

quality of a generated model (James et al. 2017).  301 

 302 

 303 

Table 1: Characteristics of the UAV survey and generated DEMs in study sites 304 



15 
 

Survey 

sites 
Platform Sensors 

Flight 

altitude 

(m) 

Total flight 

duration 

(min) 

Images 

taken 

DEM 

resolution 

(m) 

Orthorectified 

image 

resolution (m) 

CS-1           UAV 

(DJI 

MAVIC 

2 PRO) 

1 inch CMOS       

(effective pixels: 

20MP, 35 mm f 

2.8 lens with a 

77° FOV) 

120 37 775 0.10 0.04 

CS-2            120 53 1050 0.11 0.04 

 305 

3.2 DEM of difference (DoD)  306 

The terrain elevation change from two periods of DEM data is presented in Table 2. The mean 307 

elevation difference for CS-1 and CS-2 is −5.23 m and −84.66 m, respectively. The DoD maps 308 

(Figure 3) at river cross-sections over time represent the spatial pattern of geomorphic change. 309 

Here, the negative values stand for the decrease in terrain elevation in these images, which may 310 

have occurred from surface erosion. On the other hand, positive values represent an increase 311 

in terrain elevation, which may be due to surface deposition. Through the DoD images 312 

presented here, the terrain evolution of the river channel can be observed. Also, the DoDs have 313 

been used here to quantitatively estimate the volumetric changes that are related to the sediment 314 

budgets. However, the elevation changes signal (larger than ±50 m) derived from the DoD 315 

maps may be affected by the artifacts, i.e., scratches on the photographs, but not sensitive to 316 

the measurements of volumetric change when varied above this threshold (Schwat et al. 2023).  317 

 318 

 319 

 320 



16 
 

Figure 3: DEMs and DoD maps are generated from NASADEM 1999 and UAV-DEM 2022 321 

for CS-1 (A) and CS-2 (B).  322 

3.3 Volume estimation 323 

The total volumes of erosion and deposition, together with the net volume change, including 324 

errors, are given in Table 2. During the period (1999-2022), the estimated erosion and 325 

deposition volumes were 4.30 million m3 and 0.18 million m3, respectively, in CS-1. Instead 326 

of neglecting the estimation error and supplementary debris, at least 4.30 million m3 of 327 

sediment may have eroded from the upstream sources to this CS-1. On the other hand, at CS-328 

2, about 86.25 million m3 of erosion are estimated. The result indicates that erosion was the 329 

dominant process in the Teesta River floodplain, with lower deposition over the study period. 330 

The estimate of net volumetric change is CS-2 is higher than the CS-1. The estimated erosion 331 

in these two cross-sections suggests this river's dominancy of erosional features aggravated by 332 

monsoonal flow, as the UAV survey was conducted in monsoon season. The negative net 333 
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volumetric change for these two sites indicates that the earthflow from the upstream should be 334 

the main source of the sediments and result in high erosion. Besides, apart from the natural 335 

upstream fluvial-sedimentation processes, this floodplain is continuously facing various 336 

anthropogenic modifications like channelization and regulations of normal river flow, channel 337 

diversion, and installation of numerous hydroelectric projects (Goyal and Goswami 2018; 338 

Higgins et al. 2018; Gupta et al. 2019; Faisal and Hayakawa 2023), which may significantly 339 

affect these high erosional features. Subsequently, this high erosion should be impacted by the 340 

construction of the Teesta barrage and the diversion of the channel for the irrigation project 341 

(Figure 6D), which is within the proximity of our present study sites. Also, previous studies 342 

mentioned the dominance of erosion in the last several decades because of the high rate of 343 

sedimentation and the rise of 1 m bed level every ten years in the Teesta River channel (Khan 344 

2001; Akhter et al. 2019; Sultana 2022a). Furthermore, volumetric changes estimation based 345 

on the Teesta River’s bathymetric survey conducted by Bangladesh Water Development 346 

Board-2011 supports our study’s observation of erosional dominancy along the present study 347 

sites (BWDB 2011; Tarannum et al. 2018).  348 

 From this study, it is not possible to find real-time data on the discharge events 349 

that caused these huge erosional episodes. Therefore, it is unpredictable when and where the 350 

next discharge will occur. However, it can be mentioned that the monsoonal flow patterns 351 

control the erosional and sedimentation processes in such a large transboundary river basin. 352 

The net volume of change is often used as a sediment budget term in sediment dynamics studies. 353 

Therefore, estimating the volumetric change from the change detection can be helpful to 354 

develop a morphological sediment budget to infer the rates of sediment transport for the studied 355 

river (James et al. 2012).  356 

 357 

 358 
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Table 2: DEM difference and volumetric changes in the study sites 359 

 360 

3.4 Topographic features in the river sites   361 

Figure 4 shows the high-resolution topographic products (slope gradient) of two cross-sections. 362 

The river flow path and the bankline in the study sites, presenting a flatland appearance, can 363 

be easily identified from the DEM maps. Most of these two cross-sections sloped eastwardly, 364 

where the slope gradient was below 5°, determining the presence of flat areas. On the other 365 

hand, the slope gradient around the bankline or near the char lands (locally known as Char) 366 

exceeds 20°. The orthomosaic images generated from the study (Figure 4) visualize the 367 

agricultural lands along the bank lines, with some human settlements that were not permanent. 368 

Due to the main river course changes, bankline erosion is widespread in the study sites, and 369 

therefore the sediments accumulated at the lower flat area.  370 

 371 

 372 

 373 

 374 

 375 

Study 

sites 

DEM 

difference* 

Mean 

elevation 

difference 

(m) 

Standard 

deviation 

Erosion Deposition Volume 

change (m3) 

(×106) Area (m2) 
Volume 

(m3) (×106) 

Area 

(m2) 

Volume 

(m3) (×106) 

CS 1 UAV 

DEM‒

NASA 

DEM 

‒5.23 3.98 688,957  4.30 ± 0.13 106,530  0.18 ± 0.02 −4.11±0.15 

CS 2 ‒84.66 13.98 1,010,101  86.25 ± 0.18 0 0 ‒86.25±0.20 

* The NASADEM and UAV-DEM represent the topography of 1999 and 2022, respectively. 



19 
 

Figure 4: Slope gradient and orthomosaic images of CS-1 (A) and CS-2 (B) created from UAV 376 

photographs.  See Figure 5 for the cross-sectional profiles denoted here.  377 

3.5 Cross-sectional profile analysis 378 

Next to elevation and volumetric change estimates, the DEMs are helpful for evaluating 379 

profiles of river cross-sections. In our study, NASADEM 1999 has been used as the reference 380 

for the profile analysis. The selected transects from two river cross-sections illustrate the profile 381 

analysis, indicating an ongoing erosion process. Figures 4A (X-Xˈ) and 4B (Y-Yˈ) indicate the 382 

transect locations on the orthomosaic of 2022 for profile analysis. Figure 5 (A-B) shows the 383 

elevation profiles for these transects derived from the DEMs, indicating the deepening of the 384 

river channel within this period (1999-2022) with approximate errors.  385 

 Here, active sedimentation and erosion processes are significantly visible near the 386 

left bank side from the cross-sectional profiles, though several meters of uncertainty may exist. 387 

Y 

Yˈ 

Xˈ 

X 
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The relative elevation change demonstrated the erosion variations within the profile position. 388 

The erosion process is relatively small for profile (A), with approximately 7 m elevation change 389 

at the lower middle section in CS-1. On the other hand, the higher erosion is visible at the 390 

profile (B), in CS-2. The Teesta barrage and diversion of the river channel for irrigation and 391 

sand extraction for financial benefit at the upper part of CS-2 may aggravate this high erosion 392 

process. Also, the bed scours depth of more than 13 m was reported at Teesta River in 393 

Nilphamari (present study site) by the Institute of Water and Flood Management (IWFM-394 

BUET 2018-2022) (Mondal 2022), which was estimated up to 40 m in the Brahmaputra River 395 

channel (locally known as Jamuna River) (Ashworth et al. 2000), supports the erosion 396 

processes observed here. Furthermore, the multi-temporal satellite remote sensing 397 

(MSS/TM/ETM+/OLI)-based and bathymetric survey-based study explored that erosion, sand 398 

bar development, and channel shifting rate towards the left side bank has increased over a 46-399 

year period (1972-2017) along the study sites because of the high rate of sedimentation (BWDB 400 

2011; Akhter et al. 2019; Mondal 2022). Besides, high erosive conditions (15.32 to 31.72 km2) 401 

that caused the bank failure were evident over the decades in several cross-sections of the 402 

Teesta River floodplain in the Nilphamari district, including our study sites (Tarannum et al. 403 

2018; Sultana 2022a).  404 

 Nevertheless, it should be mentioned that considerable uncertainty remains in 405 

channel depth due to the glitter, over-estimation of water level, data processing software, 406 

resolution difference, and mirroring effects of water, which may affect the interpretations of 407 

these profiles (Schwanghart and Scherler 2017; Hemmelder et al. 2018).  In general, the 408 

elevation error ranges from 5-12 m for NASADEM (Buckley et al. 2020; Uuemaa et al. 2020; 409 

Li et al. 2022; Uuemaa et al. 2020; Chen et al. 2022; Tran et al. 2023), whereas the UAV's 410 

single positioning of GNSS may provide error of ~8-13 m or more (DoD 2020; Elkhrachy, 411 

2021; de Haas et al. 2021; Grunwald et al. 2023). Hence, this error and recent studies 412 
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necessitate improving the accuracy of elevation data with modern UAVs connected to RTK 413 

global navigation satellite systems in the most remote and challenging geographic locations, 414 

like this study area (Elkhrachy 2021; De Haas et al. 2021). 415 

Figure 5: Changes in cross-sectional profiles. Here, A) and B) corresponds to the CS-1 (X-Xˈ 416 

transect) and CS-2 (Y-Yˈ transect) shown in Figure 3. The red and black lines indicate the 417 

elevation profile of NASADEM 1999 and UAV-DEM 2022, respectively, with approximate 418 

errors (>10 m). 419 

4. Discussion 420 

4.1 Topographical and morphological dynamics 421 

This paper presents a study using DEMs to map topographic changes and associated 422 

morphological dynamics, including elevation differencing, volumetric change estimates, and 423 

river cross-sectional profiles, in an understudied region where repetitive topographic 424 

measurement is absent. The availability of high-resolution river topographic data, possible 425 

through UAVs and global DEM products, allows performing topographical change detection 426 

analysis over the years (1999-2022). Nevertheless, this information is critical to understanding 427 

the river's topographical and morphological dynamics that are prone to repeated sediment 428 

disasters from its upper basin sediment flux. Furthermore, topographic factors affect the 429 

sediment discharge in a river basin (Cheng et al. 2017). Therefore, the DoD difference between 430 

the UAV-DEM and NASADEM for the area of interest (Table 2) shows the benefit of 431 

A) 

NASADEM-1999 

UAV-DEM 2022 

B) NASADEM-1999 

UAV-DEM 2022 

Partial incision 

Channel shifting 
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conducting UAV surveys even if ground control point is unavailable due to inaccessibility to 432 

field sites. 433 

 This study noticed the decrease of elevation from ‒5.23 to ‒84.66 m and net 434 

volumetric difference of ‒4.11 to ‒86.25 million m3 in CS-1 and CS-2 on Teesta River's left 435 

side bank. The sedimentation between these periods varied largely per cross-section towards 436 

the left side bank of this river and seemed to dominate with the erosional process. The volume 437 

changes over the 1999–2022 periods are mainly expedited by the anthropogenic modifications 438 

of the main river channel, such as the construction of the Teesta barrage, channel diversion for 439 

irrigation, and sand mining observed from the field investigations (Figure 6). Furthermore, 440 

earlier studies documented the increase of erosion at Teesta barrage’s proximity (Khan 2001; 441 

Sultana 2022a; Mondal 2022). The visual observations on the land-side of these cross-sections 442 

(Figure 6A) also support the feasibility of such a large amount of erosion processes. Hence, 443 

using DoD derived from the DEMs has proven helpful in identifying the sedimentation pattern 444 

resulting from erosion and deposition scenarios in the floodplain. The volumetric dynamics 445 

studies prefer the DEMs from the same data source for more accurate estimations, which may 446 

affect the assessment here (Tang et al. 2019).  447 

 However, the availability of high-resolution data (same source and similar 448 

accuracy level) derived from the UAV is often not available in this region. The topographical 449 

changes recorded over the period (years 1999–2022) revealed significant variations of the 450 

topographic profile dominated by erosional process. The interaction of upstream fluvial 451 

incision, high and low discharge patterns, base-level change, and anthropogenic stressors (e.g., 452 

channelization, sand mining, and hydroelectric projects-3405 MW installed of over 8000 MW 453 

potentiality, and hydro-engineering structures) may result in the changes along these profiles 454 

(Montgomery and Brandon 2002; Goyal and Goswami 2018; Van Denderen et al. 2022). Since 455 

river cross-sectional profiles preserve valuable information on landscape evolution and are 456 

https://www.mdpi.com/1424-8220/20/12/3403/htm#fig_body_display_sensors-20-03403-f005
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fundamental to understanding the river morphological changes, this profile analysis can be 457 

helpful in monitoring the sedimentation patterns and management of the disaster-prone 458 

landscape.  459 

 Over the years, the flashy and unpredictable nature of sedimentation in this river 460 

basin left the inhabitants in a more risky situation. Also, the sudden release of huge volumes 461 

of water from the upstream reservoir makes the sediment pattern more unpredictable and more 462 

uncertain floods in this region in recent decades (Mondal and Islam 2017). The erosion 463 

dominated sedimentation pattern and enormous volumetric changes may affect the bankline 464 

stability, development of mid-channel sand bars (locally known as char) (Figure 6B), and 465 

multithreaded channel system in Teesta River (Akhter et al. 2019; Sultana 2022a). The 466 

increased number of mid-channel bars led to the sudden shifting of the channel (Ghosh 2014), 467 

where Teesta’s channel shifted towards the right (0.34 km/year) and left side (− 0.14 km/year) 468 

over the period (1972-2017) (Akhter et al. 2019). The sedimentation patterns may control the 469 

channel dynamics because the river discharge flow through the narrower channel increases the 470 

flow velocity, resulting in abrupt bank erosion (Graf 2000; Croke et al. 2008). Furthermore, 471 

the active bank erosion is causing the dislocation of the human population through seasonal 472 

(53.1%) and temporary migration (46.9%) for livelihoods in the floodplains of the Teesta River 473 

(Elahi et al. 1991; Islam 2016; Sultana 2022b). Besides, the river bank erosion aggravated by 474 

anthropogenic interventions (upstream's artificial damming, barrage, channel diversion, and 475 

controlled discharge, etc.) along this floodplain over the years has significantly affected 476 

agricultural production (rice, wheat, potato, etc.) and altered cropping practices or crop 477 

calendar (Syed et al. 2017; Faisal et al. 2019; Sultana 2022b). These have made the local 478 

community more vulnerable to food security, as half of the households (54%) depend on 479 

farming in this floodplain (Elahi and Ara 2008; BBS 2010; Syed et al. 2017).  480 

https://www.sciencedirect.com/science/article/pii/S1040618218309042?via%3Dihub#bib22
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 Moreover, the excessive and unplanned extraction of sand (Figure 6C) from the 481 

sand-dominated bed profile (approximately 10 m) in the study sites has been common practice 482 

(Biswas et al. 2018). That may also alter the river morphological characteristics such as channel 483 

incision (Rai et al. 2019), changes in river bed (Best 2019), erosion of river banks (Bravard et 484 

al. 1997), and decrease of sediment flux at downstream of the river delta (Anthony et al. 2015). 485 

The channel incision process is a gradual geomorphological phenomenon. But, the point of 486 

concern is that the pace of incision may significantly be expedited from the excessive sand 487 

mining, which may result in drastic morphological changes within 10-100 years in its natural 488 

course where such changes would have occurred over millennia (Simon and Rinaldi 2006; Rai 489 

et al. 2019).   490 

Figure 6: A) Erosion along the bank, B) sedimentation within the channel and bar development 491 

C) dredging for sand extraction, and D) channel diversion for irrigation at Teesta.   492 

4.2 High-resolution topographic baseline, limitations, and challenges 493 

C) 

A) 

D) 

B) 
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This study showed that UAV images are suitable for monitoring the changes in river 494 

topography and geomorphology in a region where high-resolution imagery is often unavailable. 495 

To the best of our knowledge, this study successfully estimates the topography using UAV-496 

SfM in the Teesta River sites for the first time. It is evident that high-resolution DEMs derived 497 

from the present UAV survey represents an important new baseline topographic dataset for 498 

river studies considering the existing freely available global DEM dataset, e.g., NASADEMs 499 

(Watson et al. 2019; Tang et al. 2019).  500 

 The availability of real-time kinematic (RTK) enabled UAVs in developing 501 

countries like Bangladesh will further improve the survey data and, at the same time, reduce 502 

the requirements for extensive ground control point surveys in inaccessible riverine areas 503 

(Fazeli et al. 2016; Forlani et al. 2018). With the limited scope, we only conducted UAV 504 

topographic survey single time to generate high-resolution DEMs and then used the existing 505 

medium-resolution global DEMs to analyze the topographic change due to the unavailability 506 

of high-resolution multitemporal DEMs. Hence, data obtained from different DEM generation 507 

techniques and the resampling processes to homogenous resolution (high-resolution to medium 508 

resolution) may lead to estimation errors or uncertainty, which would eventually impact the 509 

topographic change analysis (Joerg and Zemp 2014). Besides, due to the unavailability of good 510 

control points like cross marks on the road, permanent features, or the referenced maps, this 511 

study relies on the aircraft's GNSS errors to estimate the uncertainty of the UAV-generated 512 

DEMs, which were several meters. Besides, this topographic study did not consider the 513 

monsoonal effect, which is one of the limiting factors raised by the study's limited scope. Some 514 

approximations, such as the presence of water bodies in the riverbed, water surface reflectance, 515 

and differences in DEM sources and resolution, may also constrain our analysis. Nevertheless, 516 

we believe that such approximations would not dramatically influence the analysis and the 517 

interpretations. 518 
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 The availability of RTK-enabled aircraft, external GNSS receiver, and evenly 519 

distributed ground control points with geographical coordinates were challenging, but 520 

addressing these issues may improve the elevation data quality. Furthermore, some key 521 

challenges remain in UAV-based riverine floodplain monitoring, such as wind, rain, surface 522 

reflectance, image focus, image resolution, and processing equipment (Hashemi-Beni et al. 523 

2018; Acharya et al. 2021). Besides, a quantitative assessment of the accuracy and precision of 524 

the UAV-derived products compared to RTK-GPS-enabled UAV and terrestrial laser scanning 525 

(TLS) are beyond the scope of this paper. Though, it is expected that the topographic data 526 

acquired via TLS would be more accurate compared to SfM-derived products in geomorphic 527 

investigations (Tsunetaka et al. 2020). Furthermore, UAV survey and high-resolution DEM 528 

generation techniques may also attract attention to the research community in that region. 529 

Where the applicability of advanced remote sensing techniques (such as UAV-SfM and 530 

LiDAR) for geomorphological investigation is very limited compared to neighboring countries 531 

like China (Le Heron et al. 2019), India (Ramsankaran et al. 2020; Dhote et al. 2022), Bhutan 532 

(Dunning et al. 2009; Tempa et al. 2021), Nepal (Immerzeel et al. 2014; Kraaijenbrink et al. 533 

2016; Van Woerkom et al. 2019), Pakistan (Khan et al. 2021), and in other parts of the worlds 534 

(Śledź et al. 2021). 535 

4.3 Advances in river floodplain management 536 

Evaluating recent topographic change in a riverine environment relevant to the sustainability 537 

of human populations in the disaster-prone area requires up-to-date fine-resolution DEMs, such 538 

as those derived using UAV imagery in this study. In our case, single-time UAV image 539 

acquisitions and use of global DEM products for volumetric change estimate along the river 540 

cross-sections are low to link sedimentation patterns. In this context, the high temporal UAV 541 

data acquisition campaigns after each important discharge event or season scale can provide 542 

important information regarding the river sedimentation pattern and hence the management of 543 
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sediment disasters in these disaster-prone deltaic landscapes. The processing of hundreds or 544 

thousands of images using the SfM algorithm is computationally intensive but fast, 545 

straightforward, and produces detailed results (Clapuyt et al. 2016; Hemmelder et al. 2018). 546 

With the advancement of UAV developments and innovations, UAV operations are becoming 547 

easy to monitor the river floodplain. Despite some challenges in river topographic measurement, 548 

UAV-based DEM should be considered as the optimal choice for investigations over river 549 

floodplains due to its advantages of portability, high data processing speed, low flying height, 550 

convenient flying preparation, and the ease of generating orthoimage and DEM data 551 

(Hayakawa and Obanawa 2020).  552 

 Despite some limitations and challenges, the current approach of terrain evaluation 553 

utilizing free and on-demand DEMs can be helpful for other areas where repetitive terrain 554 

information is scarce but requires effective topographic investigation. Furthermore, land 555 

managers and mapping agencies responsible for monitoring river dynamics and management 556 

could use the methods presented in this paper, especially the UAV-SfM data generation 557 

techniques for the advancement of river floodplain management. The effective monitoring 558 

requires sufficient knowledge of fluvial-sedimentation processes in the riverine floodplain, and 559 

in this regard, encouragement can be taken from fluvial research advancement mentioned by 560 

Stott (2013), Wohl (2014), Piégay et al. (2015), and Oguchi et al. (2022). In the advancement 561 

of riverine floodplain management, the UAV-SfM photogrammetry can be an effective and 562 

powerful tool to map morphological dynamics and processes focusing on the river basin 563 

maintenance plan, delineation of flood-prone areas (Şerban et al. 2016), estimation of flood 564 

volume and extent (Escobar Villanueva et al. 2019), flood risk modeling (Coveney and Roberts 565 

2017), assessing the impact of flooding (Langhammer and Vackova 2018), sediment discharge 566 

analysis, hydro-engineering site suitability (i.e., dredging, sand mining), and responding to 567 
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fluvial disasters and emergencies (i.e., GLOFs) (Salmoral et al. 2020; Sattar 2023; Chauhan 568 

2023).  569 

 Furthermore, understanding river topographic and related morphological 570 

dynamics will promote the development of a river floodplain management framework, where 571 

the studies of Morris-Oswald and Sinclair (2005), APFM (2012); Kiedrzyńska et al. (2015), 572 

Sharma et al. (2019), Serra-Llobet et al. (2022), and Chan et al. (2022) can be exemplary. The 573 

existing river floodplain management approaches in transboundary river (total 57 rivers) 574 

dominated Bangladesh should not focus on the traditional hard engineering approach (Haque 575 

et al. 2019), which may not be enough to mitigate substantial risks from the natural (e.g., 576 

climate change, sea-level rise, and land subsidence) and anthropogenic factors (e.g., 577 

channelization, hydro-engineering structures, excessive sand mining, large population, and 578 

rapid socio-economic growth) (Chan et al. 2022). Hence, repetitive topographic data collection 579 

through the RTK-enabled UAVs at seasonal (pre-and post-monsoon) and temporal scales or 580 

event-based in future studies would be significant for this disaster-prone deltaic region, 581 

particularly estimation of flood volume and extent, river bank erosion, seasonal dredging, and 582 

site-specific sand mining, following the frameworks mentioned in Figure 7. Therefore, the 583 

advancement of river management needs to focus on collaborative projects (Hayakawa et al. 584 

2017; Ogura et al. 2023) focusing on utilizing the UAV-based framework to support decision-585 

making in hazard assessments and emergency responses in the disaster-prone landscape of 586 

South Asia, particularly Bangladesh.  587 

 588 
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 589 

 590 

 591 

 

(a) Data acquisition 

UAV data:  

▪ Selection of UAV (Preferably, RTK-enabled one) 

▪ Selection of flight area (based on expert opinion) 

and permission from aviation authorities   

▪ Flight plan designing (mentioned in Table 1) 

▪ Even distribution of GCPs through RTK GPS 

Satellite data:  

▪ Selection of satellite DEM data (i.e., NASADEM, 

TanDEM-X, etc.), where the high-resolution 

baseline data is unavailable. 

Complementary data: 

▪ Explore the field pictures with hand cameras, 

river gauge data, and social survey  

▪ Collecting media reports, google earth data, etc. 

 

(b) Data processing 

UAV-SfM data (i.e., Agisoft 

Metashape): 

▪ Selection of images to remove the 

blurred pictures 

▪ Image alignment and georeferencing 

using GCP coordinates 

▪ Optimize image alignment and 

generation of DEMs and orthophotos  

▪ Export the DEM and orthophotos 

(mentioned in 2.2 section) 

 

Satellite data (i.e., ArcGIS/QGIS): 

▪ Processing (mosaicking, raster 

projection, clipping, etc.) in GIS  

(c) Data analysis & outputs (Technical team) 

Applied 

o Integrate the available data 

DEMs (UAV or satellite), 

orthophotos, and 

complementary data 

o Quantify the changes in 

elevation, cross-profiles, 

and sediment volume 

(erosion & deposition) 

(described in 2.3 section) 

Potentialities 

o Real-time UAV data processing for on-site decision 

o Geo-hazards assessment (flood modeling, estimating 

flood volume, river bank erosion) 

o Monitoring real-time river dynamics or monsoonal 

changes (pre & post-monsoon) or emergencies (e.g., 

GLOFs, flash floods, landslide events). 

o Site suitability and impact assessment for river bed 

dredging, navigation, sand mining, and anthropogenic 

modifications (dams, barrages, etc.) along the floodplain 

(e) River basin 

management & 

disaster response 

(d) Data management & actions 

▪ Centralized data sharing hub and established a web-based 

platform for public information exchange (i.e., real-time video 

for search & rescue, reporting the missing case, etc.) 

▪ Publications and dissemination of geospatial products to 

government agencies and local communities  

▪ Taking necessary actions in river management (monitoring, site 

suitability for dredging, sand mining, navigation, hydro-

engineering structures, and disaster situations (i.e., rescue, 

response, & rehabilitation) 

▪ Collaborating among technical teams, government authorities 

(i.e., BWDB, Ministry of Disaster Management & Relief), 

NGOs, humanitarian agencies & local people  
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Figure 7: Framework for river basin management and natural disaster with UAVs 592 

5. Conclusions   593 

This study demonstrates the utility of an integrated geographic information system combined 594 

with UAV-SfM-derived DEMs and globally available DEMs (NASADEM), considering 595 

topographical and geomorphological dynamics in a disaster-prone riverine floodplain. The 596 

workflow presented here has been successfully applied to identify the topographic and 597 

geomorphic changes, as well as assess the sedimentation pattern in the river channel based on 598 

multiple topographic outputs (DEMs, DoDs, cross profiles). We noticed the changes in 599 

elevation (−5.23 to −84.66 m), sediment volume (−4.11±0.15 to −86.25±0.20 million m3), and 600 

erosion-dominated cross-sectional profiles towards the left side bank in the transboundary 601 

Teesta River over a period of 23 years (1999-2022). The current approach of data acquisition, 602 

especially the UAV-SfM-derived DEMs and orthomosaic images, can encourage interested 603 

researchers to take this study as baseline information for future investigation, where the UAV 604 

data can be available on request to the authors. In addition, time series investigations with 605 

advanced remote sensing techniques (such as UAV-SfM and LiDAR etc.) for detailed 606 

monitoring of topographic variables considering the monsoonal dynamics are essential to 607 

assess future instability scenarios in this dynamic, unpredictable, and disaster-prone river 608 

floodplains. The findings from this study will provide a better understanding of the river's 609 

topographical dynamics, geomorphological processes, and sedimentation scenario to national-610 

river managers. Also, the proposed river basin management framework will elevate river 611 

floodplain management and disaster response in South Asia’s densely populated deltaic 612 

landscape, particularly Bangladesh and/or similar situations elsewhere. 613 

 614 

 615 
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List of abbreviations 617 

ASTER: Advanced Spaceborne Thermal Emission and Reflection satellite  618 

AW3D: ALOS Global Digital Surface Model 619 

BWDB: Bangladesh Water Development Board 620 

DEMs: Digital Elevation Models  621 

DoD: DEM of Difference 622 

DTM: Digital Terrain Model 623 

DRONE: Dynamic Remotely Operated Navigation Equipment   624 

EGM96: Earth Gravitational Model 1996 625 

ESRI: Environmental System Research Institute Inc. 626 

GBM: Ganges-Brahmaputra-Meghna  627 

GCD: Geomorphic Change Detection 628 

GCPs: Ground Control Points 629 

GLAS: Geoscience Laser Altimeter System 630 

GLONASS: Global Navigation Satellite System  631 

GLOFs: Glacial Lake Outburst Flood 632 

GNSS: Global Navigation Satellite System  633 

HAE: Height Above Ellipsoid 634 
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ICESat: Ice, Cloud, and Land Elevation Satellite 635 

LiDAR: Light Detection and Ranging 636 

LPDAAC: Land Processes Distributed Active Archive Center 637 

MEaSUREs: Making Earth System Data Records for Use in Research Environments 638 

MERIT: Multi-Error-Removed Improved-Terrain 639 

NASADEM: National Aeronautics and Space Administration DEM 640 

PRISM: Panchromatic Remote-sensing Instrument for Stereo Mapping 641 

RTK: Real-Time Kinematic  642 

SfM-MVS: Structure from Motion Multiview Stereo Workflow  643 

SRTM: Shuttle Radar Topography Mission 644 

TanDEM-X: TerraSAR-X add-on for Digital Elevation Measurement 645 

TLS: Terrestrial Laser Scanning  646 

UAVs: Unmanned Aerial Vehicles  647 
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