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Abstract

The Dharla River is one of the right bank tributaries of the Jamuna River. It is a trans-
boundary river and flows through the countries of Bhutan, India and Bangladesh. In its upper 
course, the river originates in the Lower Himalaya and passes through the piedmont plain 
of northeastern India. The riparian area of this river is known for flash flood and recurrent 
bank erosion. However, study related with the Dharla River is very insignificant. In this study, 
different types of dataset ranging from chronological satellite image, river discharge, water 
level, cross-section, precipitation and Digital Elevation Model have been employed for a 
comprehensive understanding of the morphological and hydrological characteristics of the 
river so that a sustainable riparian landuse planning can be implemented. The study indicates 
that on a basin scale, the morphology of the Dharla River is influenced by complex interplay of 
relief, climate and tectonics. In Bangladesh part, the river shows two distinct types of planform, 
the upstream part is characterized by braided and the downstream part shows meandering 
planform. Satellite image indicates that the overall width of the Dharla River decreased about 
three times from 600 m to 200 m in the past 45 years. The river is now migrating its channel 
mostly in the north-eastward direction often with the rate of about 66 m/year. The confluence 
location of the Dharla River with the Upper Jamuna River is not stable and is influenced by the 
backwater effect from the Jamuna River. The backwater effect induces erosion adjacent to the 
confluence area. Considering the complex nature of the bank erosion a setback buffer at the 
most erosion prone area like in Holokhana union is recommended for the sustainable landuse 
management of the area.

Keywords: Dharla River, River morphology, Satellite image, Cross-section, DEM, Confluence, 
Backwater effect

Introduction

 Rivers are one of the most sensitive geomorphic entities on the earth, which can 
respond and adjust to different environmental triggers very quickly. The adjustment is 
especially rapid in the alluvial rivers, originated from a tectonically active mountain 
with high slope, rainfall and sediment load. Every single aspects of the morphology and 
the changes of such river, whether it could be a movement of meander bend, changes
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2 A comprehensive morphological and hydrological analysis

in channel width, braiding intensity or sinuosity, indicate a change in flow regime, 
sediment load, topography or lithology either in close vicinity or far upstream/
downstream directions. The consequent channel instability causes damage to various 
socio-economic and environmental components in terms of flood, bank erosion, 
modification of the navigation route and alteration of aquatic and riparian ecosystems. 

Being a monsoon dominated sub-Himalayan country, hardly there is any river 
in Bangladesh, which has a stable morphology. The whole country is a unique 
place in the world to understand the dynamic fluvial processes. Moreover, the river 
morphological and hydrological instability inflicts enormous social and economic 
stress every year, causes forced migration, damage to infrastructure consequently 
affects the overall economic growth of the country. Therefore, in addition to scientific 
understanding of the underlying processes, knowledge of river morphology and 
hydrology also has a profound societal impact in this country. 

The Dharla River is one of the right bank tributaries of the Upper Jamuna River 
bounded by the Teesta River in the south and the Dudhkumar River in the north. It is 
a trans-boundary river, which originates in Bhutan, then flows southeasterly direction 
from the foothills through India and enters Bangladesh at Kurigram district. Most of 
the course of the Dharla River lies in the upstream where it is known as the Jaldhaka 
River. In this study, the decadal changes of morphology, yearly changes of bottom 
topography, flow analysis and confluence characteristics of the Dharla River have 
been analysed using digital elevation model, precipitation,  discharge, water level,  
cross-section and chronological satellite imagery data. 

The Dharla is a relatively less studied transboundary river. Among the studies 
associated with the Dharla River are related with flood inundation modeling (BOSE 
& NOVERA 2017), bank protection revetment design (KHAN et al. 2015), sediment 
provenance studies (RAHMAN et al. 2021). In the upstream part, studies related with the 
Jaldhaka River are associated with the upstream tributary confluence (CHAKRABORTY 
& DATTA 2013; CHAKRABORTY & MUKHOPADHYAY 2014), interfluve study (GOSWAMI 
et al. 2019), tectonic activity and geomorphology (STARKEL et al. 2008; STARKEL et al. 
2015) and agricultural water management (de BRUIN et al. 2012; de CONDAPPA et 
al. 2012). A huge knowledge gap therefore exists regarding the understanding of the 
morphology and hydrology of the river. Besides, on a catchment scale, no previous 
study is known yet. Depending on the data availability, some of the analysis have 
covered the whole catchment while the other components are focused only on the 
Bangladesh part of the River. 

The study area

The transboundary Dharla River flows over three countries with a total length of 
about 208 km. In Bhutan, it originates in the southwestern Samchi district, has three 
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Fig. 1. The Dharla River of northwest Bangladesh from entry to the confluence point. The inset map shows 
the alignment of the upstream course known as the Jaldhaka River. 
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main tributaries namely Murti, Jaldhaka and Diana, with a length of about 15 km. The 
upper three tributaries converge close to the Bhutan-India international boundary 
and flows as Jaldhaka River. In India, the Jaldhaka River enters from Bhutan into 
the northern Jalpaiguri district of West Bengal State, flows about 141 km through 
Mekhliganj, Mathabhanga and Dinhata of Cooch Behar district. 

In Bangladesh part, the river is about 54 km long and enters from India in a 
northwest-southeast direction at Mogolhat union of Lalmonirhat District. However 
before this point, part of a braided channel of the river intrudes in the boundary of 
Durgapur union, which is situated about 4 km upstream of Mogolhat union. The 
Dharla River makes confluence at the right bank (western side) of the Jamuna River 
at Ulipur union. Within Bangladesh, the rivers flow through Lamonirhat and mainly 
across the Kurigram district (Fig. 1).

In the northwest Bangladesh, two other transboundary rivers flow almost parallel 
to the Dharla River. Distance between the southern Teesta and the Dharla River is 
about 16 km and with the northern Dudhkumar River is about 13 km. In the Indian part, 
several tributaries join with the river especially at the upper course (BANDYOPADHYAY 
et al. 2014). Two tributaries join at the right bank of the river at Lalmonirhat district. 
Besides, several minor tributaries are noticed in the satellite imagery, which have 
very low flow at the moment and are only active in the monsoon season. 

The Dharla River is infamous for its disastrous flood and bank erosion hazard. 
The average population density of the riparian area is 1,060 person per sq. km as 
per the census of 2011 (BBS 2014) which indicate the magnitude of population 
displacement vulnerability due to flood and bank erosion hazards. The national 
media frequently publish news about such hazard of the Dharla River during the 
monsoon season, especially in late June. The riverbank erosion has complex social 
impact in this remote part of the country. Not only it displaces people multiple times 
in their lifespan, and affects agriculture; many infrastructures are also impacted by 
this hazard. In the absence of any land use zoning or setback distance, often the 
educational institutions are constructed along the riverbank or in the direction of 
meander cutbank. Once affected by the erosion, it requires long time to construct it 
again. As a result, the educational system of the area suffers for long time. Therefore, 
the morphological impact is multi-dimensional in this area. Besides, Kurigram district 
is the poorest region of the country (BBS 2020) therefore, the people has very low 
coping capacity. Many of the poorest of the poor, live in the river bar (char) where 
the vulnerability is even more. One of the main reasons of this social and economic 
backwardness of the region is frequent flood and bank erosion hazard. However, 
there is no existing landuse guideline for constructing the riparian infrastructures 
neither any setback limit from the riverbank is considered. Prioritizing areas for bank 
protection therefore based on authority's perception not on morphological prediction 
consequently turns unsustainable. 
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One of the main reasons of the flood and bank erosion, is aggradation of the 
river bed, which increase the flood height and deflects the thalweg towards the 
riverbank. As a response, the government plans to minimize the erosion and restore 
the navigability of the Dharla River along with three other rivers (Old Brahmaputra, 
Tulai and Punorbhoba)  of the country by June 2024. The Executive Committee of 
the National Economic Council (ECNEC) on October 2019 approved the project 
worth about Taka 43.71 billion (4,371 crore). Bangladesh Inland Water Transport 
Authority (BIWTA) under the Ministry of Shipping will implement the process. The 
whole length of the River would be dredged into 38 meter width and 2 meter depth 
to transform it to Class-3 (2.13 to 3.66 m) navigational route (DAILY SUN 2018). It is 
expected that after completion of the project, the flood and erosion magnitude will be 
reduced. However, in a semi-braided river like Dharla, the riverbed sedimentation is 
an inherent continuous process. The expensive dredging process requires prioritizing 
dredging sites and for which the river morphological and bottom topographic analysis 
are quite necessary. But for the Dharla River, such analysis was not carried before.

Data and methodology

Regarding the objectives of the study, different types of data are necessary to 
understand the basin characteristics, drainage network, precipitation, river discharge, 
water level and channel geometry. Consequently, enormous time and effort has 
spent to organize, quality check, sort, finding data gap and correlating the dataset. 
For analyzing the topographic characteristics of the drainage basin, SRTM 30 meter 
DEM is collected from the USGS Earth Explorer site (http://earthexplorer.usgs.gov/). 
For river morphological analysis, satellite images of different years are also collected 
from the USGS site. Morphological change detection requires at least two satellite 
images, one is older and the other is from recent time. As Landsat archive span from 
1972, level 1T Landsat imagery with 60 m resolution from 1972 was employed as 
the earlier image. The recently acquired Sentinel-2 image with 10 m resolution from 
2019 was employed to understand the decadal planform changes. However, high 
cloud cover during the monsoon and often in non-monsoon months limits the image 
availability. As a result, considerable time has spent to select the cloud-free time 
series images. The selected images are from the winter season (March). At this time 
the river is at low flow stage, the bank lines are clearly delineated and the river-bars 
are exposed fully. Historic and contemporary imagery are also obtained from the 
Google Earth archive for high resolulation morphological understanding. The study 
area is covered by one Landsat scene with path row ID of 148-42 for the MSS images. 
The Sentinel 2A & B Level 1C images are extracted from the path row ID of 45RYJ. 

There is no precipitation measurement station close to the Dharla River, 
therefore precipitation data from nearby Rangpur station is used which is about 35 
km southwest from the main river channel. Precipitation, river discharge, water level 
and cross section data are collected from Bangladesh Water Development Board 
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(BWDB). The measurement datum for the water level and cross-section data is the 
Public Works Datum (PWD), which has established by the Department of Public 
Works, Bangladesh. The PWD datum is 0.46 m below the Mean Sea Level (MSL) 
datum. Cross-section lines are denoted by numbers like RMDLA 01 to RMDLA 10 
(Fig. 2). For each section, the depth of the thalweg is calculated. Cross section for the 
year 2011 or 2014 is compared to understand the changes in river bottom profile. 
The orientations of cross-section lines are imported in GIS environment to visualize 
the positions along the river and also to understand the relationship between the 
river bottom profile with adjacent landform and land use. Sinuosity of the whole 
river as well as of individual reaches are calculated to understand the degree of 
channel meandering. Confluence locations are extracted from chronological satellite 
imageries. An intensive fieldwork was carried out from 15 to 18 February 2018 to 
collect bank sediments, to identify the erosion prone areas and to validate the result 
of image based morphological change detection.

Fig. 2. The positions of the ten cross-section lines along the course of the Dharla River.
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Results and discussions
Drainage basin characteristics

The drainage basin is a system, which converts the precipitation into runoff and 
weather the rock into sediment. The geomorphic and geologic characteristics of the 
drainage basin control this rate of runoff, groundwater recharge and sedimentation. 
The behavior of downstream flood, the water velocity, bank erosion and the overall 
channel morphology is directly related with the drainage basin characteristics. 
Therefore, the drainage basin characteristics are often analyzed first to understand 
the underlying process, which controls the fluvial morphology and the related 
hazards (SINGH 1994).

Geomorphology and geology 
The drainage basin of the Dharla River shows marked variation in altitude, 

precipitation and gradient. The southern slope of Himalaya consists of two zones: the 
Higher Himalaya and the Lesser Himalaya. Only two rivers, the Teesta and the Torsa 
(Dudhkumar), originated in the glaciated Higher Himalaya (MANDAL & CHAKRABARTY 
2016; PROKOP & WALANUS 2017). The upstream part of the Dharla River originates in 
the Lesser Himalaya. Rivers with headwaters in the Lesser Himalaya, is fed by heavy 
rains in the monsoon season and by groundwater in the dry season. The upstream 
area is influenced by active tectonics and traversed by a number of faults (GUPTA 
2008). The upper course intersects the Main Frontal Thrust (MFT) and Main Boundary 
Thrust (MBT) faults, which are almost parallel to the mountain front. From its origin, 
down to the mountain front, the river traverses mainly through the metamorphic rocks 
of gneiss, quartzite, slate, phyllites and then through the alluvium after the mountain 
front (PROKOP et al. 2020). The southern end of the Darjeeling-Bhutan Himalaya 
is composed of unconsolidated alternating sequences of mudstone, sandstone and 
conglomerate of the Siwalik Group. Along the southern Himalaya, the Siwalik belt is 
up to 5 km wide (PROKOP & WALANUS 2017; PROKOP et al. 2020). At the steep front of 
the eastern Himalaya, the Siwaliks are very narrow and even between the Teesta and 
the Torsa Rivers i.e. along the upper course of the Jaldhaka-Dharla River, it is totally 
missing (CHAKRABORTY & DATTA 2013; STARKEL et al. 2015). 

The geomorphology of the foothill area is dominated by alluvial fan. Satellite 
image indicates that from the west to the east, the entire sub-Himalayan front 
is marked by series of alluvial fans of different dimensions and elevations. These 
alluvial fans form a piedmont zone. In India, the piedmont zone east of Teesta River is 
known Duars and the western part as Terai (BISWAS, 2014). The river courses are often 
deflected by these alluvial fans. In the study area, the Teesta and the Jaldhaka Fan 
markedly influence the Jaldhaka River course. From the origin, the river is deflected 
towards southwest by the Jaldhaka alluvial fan and following the fan boundary it 
turns towards southeast in a remarkably straight, probably through a fault-controlled 
course. If the river course had not deflected in the upstream, the flood magnitude 

21



8 A comprehensive morphological and hydrological analysis

would be more intense in the downstream part. The whole area is tectonically uplifting 
therefore with the interaction of high monsoon precipitation, supply abundant runoff 
and sedimentation.

Topography
The Digital Elevation Model (DEM) indicates that the elevation at the source of 

the river at southeastern Bhutan is about 310 m. At the India-Bhutan boundary, it is 
reduced to 290 m. The elevation rapidly decreases in the piedmont zone and at the 
boundary of the Jaldhaka Fan, it is about 88 m i.e. within 40 km, the elevation drop is 
about 200 m. This is the zone of intense braiding and the intensity reduced towards 
the downstream. From this point, another slope break is observed at 55 m elevation  
in the Indian part, where conspicuously several tributaries join the main river channel 
on the left side. From this point, the elevation gradually decrease and the Dharla 
River enters in Bangladesh at 34 m elevation and make confluence with the Jamuna 
River at 24 m within a distance of 55 km (Fig. 3). Elevation change is rapid at the 
entry and also at the confluence. In the Bangladesh part, the overall gradient is 0.18 
meter per kilometer. The overall elevation profile is concave with different gradient 
across the length (Fig. 3). The reduction of gradient implies decrease in flow velocity, 
carrying capacity and subsequent widening of the channel.

Fig. 3. The elevation profile of the Dharla River in three countries along with the elevation contour in 
Bangladesh part.

Precipitation
Across the Jaldhaka-Dharla drainage basin, the rainfall show high spatial 

variation and is directly linked with the elevation. The rainfall amount gradually 
decreases towards the downstream direction. In the Bangladesh part, the closest 
rainfall measurement station is at Rangpur, which is about 35 km southwest of the 
Dharla River. At the source in the southwestern Bhutan, the annual precipitation 
amount is about 4,365 mm at Samtse, in the Indian part it is about 3,557 mm in 
Cooch Behar and in Rangpur the amount is 2,340 mm. In all three stations, highest 
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rainfall occurs in the month of July and no rainfall in both December and January. 

Geomorphology has great impact on the precipitation to runoff conversion 
process. As the origin of the river is at higher elevation with steep slope, most of 
the rainfall is immediately converted into surface runoff. It is estimated that in the 
southwestern part of Bhutan, about 72% of the rainfall flows as surface runoff and 
18% percolate as groundwater (SHARMA 1974). Geology also has profound impact 
on the runoff to groundwater recharge ratio. Hard impermeable metamorphics of 
the Lesser Himalayas along with high slope resulted rapid flowing of water therefore, 
less groundwater recharge in the upstream area. In the deltaic plain, where the slope 
is less, the runoff and floodwater retains longer time on the floodplain, underlain 
by permeable lithology consequently has much higher groundwater recharge 
potential. In contrast, the heavy precipitation and the steep hill supply a large amount 
of sediment whereas in the plain land, the sediment source is much smaller and 
mainly generated from the runoff and bank erosion. The precipitation induced mass 
movement along the steep hill also supplies huge amount of coarse sediment into the 
river, which is carried mainly as bed load and the higher is the bed load, the faster 
will be the planform change.

Discharge
River discharge has profound impact on the river morphology. Higher discharge 

may produce higher sediment loads and also result in rapid planform change and 
vice versa. LEOPOLD et al. (1964) and LEOPOLD (1994) confirm that the erosion rate 
and the sediment transport rate are most active when discharge is near bankfull. 
Generally, the monthly fluctuations of sediment load correlates well with the mean 
monthly discharges.

In this study, the discharge of the Dharla River is calculated from two stations. 
The upstream Taluk Shimulbari (SW 76) and the downstream Kurigram (SW 77) station 
(Fig. 4). The distance between the stations is about 30 km. The objective of discharge 
analysis is to understand the nature of the daily, monthly, seasonal and annual river 
flow characteristics. However, by looking at the data it is found that in some years 
there are questionable discharge values therefore discarded for the analysis.

For most rivers, the discharge increases in the downstream direction as the 
groundwater baseflow, runoff and other tributaries contribute to the main stream. 
For the Dharla River, the Taluk Shimulbari station (SW 76) is located 30 km 
upstream than the downstream Kurigram station (SW 77). Therefore, the discharge at 
Kurigram should be greater than upstream Taluk-Shimulbari. The monthly discharge 
data agrees with the norm and there is about 28% increase in discharge at the 
downstream station compared to the upstream station (Fig. 5). The average discharge 
of the upstream Shimulbari is 462 m3/s and for Kurigram station, it is 628 m3/s. The 
discharge variation between the stations is most apparent in the monsoon months 
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(June-October), however in the dry months (November-May), the differences are also 
significant (Fig. 5). 

Fig. 4. The precipitation (CL 206) and discharge measurement stations (SW 76 & 77) in the study area.

The hydrograph of the two stations indicate marked seasonal fluctuations of 
river discharge, which is directly related with precipitation. About 87% of the total 
discharge occurs in 5 months (June-October) and the rest 13% is from November to 
May (Fig. 6). Highest discharge occurs in the month of July and lowest in March when 
the precipitation is low and due to increase in summer temperature, evaporation is 
high. The lean months of December to February therefore can be selected for the 
dredging operations in the Dharla River. 

The mean daily discharge hydrographs indicate that there are several flood peaks 
of different amplitude starting from the month of July and extends up to the month of 
October (Fig. 6). This indicates that the Dharla is a flashy stream and responses very 
quickly to the changes of water input. When the hydrograph data of the year 2014 
and 2016 are compared, it is found that not only the flow volumes are different in 
the monsoon months but also the flood timing are different. In 2014, the flood peak 
came late on 27 August whereas in 2016 the peak was one-month earlier on 27 July 
(Fig. 6). Due to this yearly shift of flood peak, flood management is difficult in this 
area and requires real time data.
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Fig. 5. Dicharge comparison of the upstream (SW 76) and downstram (SW 77) stations of the Dhrala River.

Fig. 6. Discharge characteristics of the downstream station (SW 77) at Kurigram for the year 2014 and 
2016.

Water level
River water level is profoundly linked with flood management, riverbank 

erosion, navigation and dredging operations therefore is crucial for the riparian 
landuse management. The water level data of the Dharla River is measured in two 
stations like the discharge data but compared to discharge, it seems that the water 
level data is more accurate. 

The water level height correlates well with the precipitation pattern i.e. highest 
in the monsoon season and lowest in the dry season. In 2016 at the downstream  
station Kurigram, highest water level of 27.56 m is observed on 27th of July and 
lowest height of 22.5 meter on 5th of March when the temperature is high also (Fig. 
7). After March in spite of higher temperature, the input from upstream increases the 
water level. Therefore, it seems that the river water level is very sensitive to climatic 
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parameter of precipitation and evaporation.

The overall hydrograph show stepwise increase of water level compared to the 
declining phase in the both stations (Fig. 8). When the water level data of these two 
stations are plotted together, it is observed that the average differences of water level 
elevation between 30 km distance is about 4.7 m (Fig. 8). Generally, multiple flood 
peaks are observed in each year in both stations and the number and magnitude of 
flood peaks also varies every year. When the water level data of the downstream 
Kurigram station is compared with the danger water level, it is found that in 2016 the 
flood peak was quite high compared to 2014 level (Fig. 9).  

Although the floodwater danger level for the downstream Kurigram station is 
fixed at 26.5 m by the national Flood Forecasting & Warning Center (FFWC), there 
is no such level for the upstream Shimulbari station. Considering the land elevation 
and water level height of this area, it seems that 30.5 m could be the approximate 
danger water level for the upstream Shimulbari station.

Fig. 7. Water level height of the downstream Kurigram station in 2016 based on daily data.

Fig. 8. Comparison of the upstream and downstream water level height in 2016. The distance between the 
stations is about 30 km.
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Fig. 9. Comparison of water levels in Kurigram area between 2014 and 2016 along with the danger water 
level.

River bottom topography
River surface morphology and bottom morphology are mutually related. Most of 

the surface morphological changes are triggered from the bottom. For example, most 
of the riverbank erosion of Bangladesh is triggered through toe scouring (THORNE et 
al. 1993). The braided river dynamics completely depends on riverbed deposition. 
Changes in river bottom profile has wide practical implications like for the selecting 
of the dredging sites, finding best navigational way with highest vessel draft, for 
adjusting the danger level of river flooding, detecting bed scour, for identifying 
location of ports and for finding the optimal gradient for storm water discharge or 
sewage from the riparian land. 

In this study, the bottom profile changes of the Dharla River from 2011 to 2014 
are analyzed to identify how the thalweg depth has changed in the past three years. 
In the next step, the possible causes of the changes are also analyzed. Thawleg is the 
deepest part of a channel where the main current of the channel flows. The changes 
of thalweg depth therefore provide clue about the deepening or shallowing of the 
river. 

Ten cross-sections are analyzed for the detection of bottom profile changes. The 
distance between the sections are not even, some are closely spaced than others. 
Besides, the whole river length is not covered by the survey (Fig. 2). Generally, 
sections are placed along the meander bend, adjacent to bridge and tributary 
confluence locations. The upstream section is numbered as section 10, the section 
number decreased towards the downstream direction. The covered distance is about 
40 km. Although cross-section data for several years were collected, some values are 
quite anomalous therefore discarded and only data for the year 2011 and 2014 are 
used for the analysis. 
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The studied cross-sections are asymmetrical in nature i.e. the channel thalweg is 
not at the center of the section, rather than often flow adjacent to the riverbank (Fig. 
10). The cross-section profile changes every year. The river is deep near the confluence 
and the navigability decreases towards upstream. Most bottom topographical changes 
are observed in the middle part of the river. In general, the channel becomes shallower 
in 2014 compared to 2011 (Fig. 11). The magnitudes of the changes are given in 
Fig. 12. A zone of riverbed aggradation is identified covering the cross-section 7, 6 
and 5 of the Holokhana union. This is the most erosion prone area. The section 5 
shows the highest amount of aggradation. The reason behind the channel aggradation 
is riverbed sedimentation either due to eroded material from the bank or reduced 
carrying capacity. Whatever the cause, this site should be prioritized for dredging

Fig. 10. The ten studied cross section profiles of the Dharla River, locations marked on Fig. 2.
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operations, because removal of the riverbed material will also reduce the intensity 
of bank erosion of this area (Fig. 12).  In contrast to aggradation, slight degradation 
of bed profile is observed at the upstream location and few stable locations are 
observed at cross-section 8, 4 and 2. 

From the cross-sections, the river widths are also calculated. In general, the 
width increases towards downstream direction. The average width of the Dharla 
River is about 2.1 km. Lowest width of 1.3 km is observed at cross-section 7 and 
highest width of 3.6 km is found near the confluence. 

Fig. 11. Changes of thalweg depth in 10 sections in 2011 and 2014.

Fig. 12. Amount of thalweg depth change from 2011 and 2014 at different sections.

Channel morphology

Channel pattern is the planimetric geometry, or the form of a channel when 
viewed from above especially through the satellite imagery. Channel planform of 
an alluvial river response quickly on the changes of slope, discharge, sediment load 
and tectonics. Planform analysis provides opportunity to quantify the nature and 
magnitude of the changes so we can better understand the sensitivity, predict the 
response and select appropriate action. The morphological changes can be best 
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studied by satellite images in a less expensive and quick way, which also has long 
chronological archive. In this study, the longitudinal planform and the nature of 
channel dynamics of the Dharla River is studied using multi-temporal satellite images 
from 1972 to 2019. 

Channel planform from satellite imagery
LEOPOLD et al. (1964) introduced the conventional classification of straight, 

meandering, and braided pattern to distinguish between the channel types. Although 
additional patterns are now recognized (ROSGEN 1994), this original classification 
are still practiced widely to understand the underlying processes. There are two 
distinctly different morphological pattern observed in the Bangladesh part of the 
Dharla River. The upper braided segment has a length of about 20 km and the lower 
meandering segment has length of about 33 km (Fig. 13, Table 1). 

The braided part is mainly characterized by two channels that split and rejoin. 
Mid-channel sand bars separate these channels. Generally, one wide braid channel 
conveys the greater portion of the flow than the others. The braided pattern develops 
when the flood flows begin to lose their sediment-carrying capacity during the 
recession stage and deposit the sediment within the channel. Channel aggradation 
results from increased sediment supply due to upstream landuse changes, higher 
weathering intensity or reduced carrying capacity due to flow reduction. Aggradation 
of the braided channel will trigger channel widening through bank erosion. 
Considering the rapid landuse changes of the upstream areas (CHAKRABORTY & DATTA 
2013; PROKOP et al. 2020), it is expected that the braided part of the Dharla River will 
expand further in the future.

The lower reach of the Dharla River displays a meandering channel pattern. 
Channel meandering and in turn the likelihood of oxbow formation, is controlled 
by valley gradient. Generally higher channel sinuosities are associated with lower 
landform gradients (SCHUMM 1979). In this lower reach, there is a substantial decrease 
in velocity due to decrease in channel gradient and subsequent widening of the 
channel. Two distinct large meander bends are observed at Holokhana union around 
the cross-section line 6 and another at Mogalbaccha union around cross-section line 
2 (Fig. 2). Sinuosity value indicates that the upstream part is remarkably straight with 
close to unity sinuosity value, whereas the downstream part is quite sinuous (Table 1).

Table 1. Different river reaches and corresponding sinuosities.

Reach Location Channel 
length (CL)

Valley 
length (VL) Sinuosity

Segment 1 From entry to Holokhana Upazila 20 19.4 1.03

Segment 2 From Holokhana Upazila to confluence with  
the Jamuna River 33.4 20.3 1.64

Total reach Entire length in Bangladesh 54 40.2 1.34
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Meandering channel pattern of the Dharla River is restricted to the lower part of 
the river close to the confluence with the Jamuna River. Two broad, nearly symmetric 
meanders are identified. The upstream meander has cutbank towards northeast and 
the downstream meander is directed towards southwest. The two meanders are 
separated by a 7.2 km long relatively stable almost straight reach. The amplitude of 
both meanders are around 3.5 km and actively expanding their cutbanks (Fig. 13). 
As the necks are separated widely there is no chance of cutoff in the recent future, 
consequently further erosion are expected around these areas.  

Fig. 13. The two distinct planform reaches of the Dharla River.
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Past channel dynamics 
Satellite images show number of oxbow lakes, dried channel and filled up paleo-
channel on the left and right floodplain of the Dharla River (Fig. 14). The remnants 
of plaeochannel can be traced far upstream however the intensity greatly increases 
towards the downstream. Specially, the meandering reach near the confluence show 
many signatures of past channel migration. These signatures of dynamic channel 
migration indicate that the tributaries of the river as well as the main channel 
response quickly to the climatic and terrain parameter and still has not reached in 
the equilibrium stage. 

Fig. 14. Paleochannel and meander scars serve as a proxy of channel dynamics on the floodplain. The 
left Landsat image was acquired on 23 November 1972 with spatial resolution of 60 m. The 
scars highlight the signature of pre-1972 channel dynamics. On a higher resolution of 30 m, the 
right Landsat image was acquired on 15 November 1991. The enhanced resolution provides a 
better view of channel dynamics. However, present cultivation practices have obliterated many 
of these scars therefore may not be identified in the recent image.

Decadal scale channel migration and direction of shifting
A clear shift of the entire Dharla River in the Bangladesh part has been identified 

by comparing the 2019 Sentinel-2 satellite image with the 1972 Landsat MSS image 
(Fig. 15). The analysis indicates that the overall channel width decreased with time. 
The overall width reduced about 3 times from about 600 m to 200 m within the past 
47 years. In general, the whole Dharla River is migrating on the floodplain except 
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for few stable areas like the entry point of Bangladesh, near Holokhana of Kurigram 
district and around the Mogalbaccha union. 

Fig. 15. Channel migration of the Dharla River from 1972 to 2019. The stable locations are shown in 
circles. The lateral movement directions are shown by arrows. Erosion prone areas are shown by 
darker lines.
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At the upper reach around Mogalhat, the river has migrated westward about 2 km. 
The river was relatively stable at Shimulbari, from that point the channel migrates 
eastward. Another stable location was identified at Bara Bhitta union. From this point, 
it again show eastward migration trend. One of the factors that control the degree of 
lateral shift of stream is the bank resistance (HICKIN & NANSON 1984) which can be 
expressed by its silt-clay content (FERGUSON 1987). Riverbanks contain significant 
amounts of clay possess some degree of resistance and being the most stable (ROBERT 
2003). Therefore, the lithology of the stable locations required further investigations 
to understand the controlling factor.

At the lower reaches in the Bhogdanga union of Kurigram district, the meander 
migrated eastward about 3 km in the past 45 years with erosion rate of about 66 
m/year. Considering the meander dynamics the unions of Holokhana, Bhogdanga, 
Mogalbaccha, Begumganj and Buraburi seems most vulnerable areas to riverbank 
erosion. 

Confluence characteristics

River confluences are sites of complex hydraulic interactions of different types of 
flow. The flow convergence results turbulence and vortex formation where scour can 
develop. Scour has significant impact on designing and construction of bridge and 
transmission line. In Bangladesh, many important river ports and terminal are located 
on the river confluence namely at Aricha, Daulatdia, Chandpur and often suffers 
profound instability. However, the planform morphodynamics of river confluences 
have received little attention in the country. Recently, a century scale project called 
Delta Plan 2100 has initiated for the sustainable development of this deltaic country. 
Although there are about hundreds of river confluence in the country, confluence 
study is completely unexplored in this plan. However, academic interest about river 
confluence is gradually increasing as evidenced by SIMON et al. (2018), SMITH et 
al. (2018) and GAZI et al. (2020). Being the right bank tributary of the Jamuna river, 
the confluence characteristics of the Dharla River deserve investigation mainly to 
observe the nature of movement of confluence points over space and time and to 
examine the factors behind these movements. 

Confluence migration
The confluence of the Dharla River with the upper Jamuna River occurs at 

Begumganj union, Ulipur upazila, of Kurigram district. Series of satellite images from 
1972 and 2017 have been employed to identify confluence point dynamics. The 
satellite image indicates that the confluence location is very dynamic and moved 
northward for about 4 km in the past 45 years. The zone of movement covers about 
15 sq. km. From this pattern, it is predicted that the gradual shifting of the confluence 
point will induce further erosion at the northern part of the confluence (Fig. 16). 
SIMON et al. (2018) emphasized that the gradual westward migration of the main 
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thalweg of the Jamuna River is the key factor for the longitudinal and transverse 
migration of confluence location. However, by analyzing the river morphology from 
the time series satellite image, it seems that backwater effect could be the key factor 
for the confluence dynamics of the Dharla River.

Fig. 16. Movement of the Dharla-Jamuna River confluence locations from 1984-2017. The confluence 
point of the respective year is shown by the circles.
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Backwater effect
Backwater situation occurs when the flow of a low discharge tributary is 

blocked, pushed inside by a higher flow mainstream. Due to the backwater effect, 
the water level rises backward and induce pressure on the riverbank. Backwater 
effect induces bank erosion. At the confluence of the Dharla and the Jamuna River, 
backwater effect is very pronounced in the monsoon months. The intensity of  
backwater effect as well as confluence location is highly influenced by the presence 
of sandbar around the confluence zone (Fig. 17). Satellite image indicates that when 
there are no sandbar around the confluence, the adjacent area do not show any 
significant erosion. Presence of sandbars at the confluence disrupts the mixing and 
create vortex, which induce adjacent bank erosion. Presence of sandbar also reduced 
the confluence width and pushback the confluence point towards the tributary.

Fig. 17. Presence of sand bar near the confluence increases the backwater effect and induce adjacent and 
upstream bank erosion.

Implication on the landuse

The morphological behavior of the Dharla River has profound impact on the 
adjacent riparian terrain. The earlier analysis indicates that the upper part of the river 
is braided and the lower part shows meandering pattern (Fig. 13). The magnitude of 
bank erosion and channel migration is also different in these two reaches, therefore 
requires different landuse management practices. As the meandering river erode on 
the cutback and deposit on the opposite bank, the area adjacent to meander cutbank 
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must adopt a buffer or setback distance for the constructions of any permanent structure 
especially educational institutions and hospitals. Three very active meanders are 
identified at Holokhana, Mogalbacha and Begumganj union. Presently, the meander 
neck is quite wide therefore, it is predicted that in future the erosion will continue 
due to the advancement of the cutbank. Instead of bank protection in these sections, 
dredging at the opposite bank point-bar to create a chute channel could decrease the 
erosion magnitude in these areas.

In the braided section, where the erosion pattern is hard to predict due to the 
thalweg movement, landuse planning should be focused in such a way which will 
prohibits the supply of sediment from the floodplain area. Therefore, agricultural 
landuse should be restricted in this bank adjacent region. Moreover, agricultural 
activities close to riverbank quickly increase the pore water pressure during the 
monsoon season which triggers further bank erosion. Cross-section studies found 
a long aggrading area covering the section of 7, 6 & 5 of Holokhana union. Due to 
riverbed aggradation, the bank erosion will increase in the areas therefore priority 
dredging is recommended in these areas to reduce the hazard. 

Conclusions 
In a riverine country like Bangladesh, rivers are intricately related with the society, 

environment and people's livelihood. However a comprehensive study regarding the 
topography, morphology, bathymetry and flow characteristics of the transboundary 
Dharla River has not carried before. This study intends to fill the knowledge gap using 
decadal satellite imagery, bottom profile data, river discharge data to understand the 
hydrological and morphological characteristics of the transboundary Dharla River. 
Such understanding could be the baseline for overall effective management of the 
river, prioritizing dredging site and for the sustainable riparian landuse planning. The 
main conclusions of the study are as followings:

· The morphology of the Dharla River is influenced by complex interplay of 
relief, climate and tectonics of the catehment. 

· Satellite image based morphological study indicates that in the Bangladesh 
part, the Dharla River shows two distinct planform patterns. The upper reach 
is braided and the lower reach has meandering planform. 

· The overall width of the Dharla River decreased about three times from 600 
m to 200 m in the past 45 years.

· The river is now migrating its channel mostly in the north-eastward direction. 
However few reaches, especially at the upper reach is migrating towards 
westward direction, there are at least two stable locations are identified 
which probably has more clay content in the adjacent riverbanks.

· The bottom profile generally shows aggradation of the riverbed. Highest 
aggradation is found at cross-section location 5, immediate dredging is 
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required in this location. 
· The discharge of the Dharla River show marked seasonal as well as yearly 

variations. The average discharge of the upstream Shimulbari is 462 m3/s 
and for Kurigram station, it is 628 m3/s.

· By analyzing the water level data, new floodwater danger level for the 
upstream Shimulbari area can be fixed at 30.5 m.

· The confluence location of the Dharla River with the Jamuna River is not 
stable; currently it is migrating in a northward direction.

· The confluence location is influenced by backwater effect especially during 
the monsoon months.

· The presence braid bars at the confluence increase the backwater effect.
· For the erosion prone area like the Holokhana union, riparian infrastructure 

construction should be discouraged and a setback distance should be 
introduced for the sustainable landuse management of the area.
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evsjv‡`‡ki DËi-cwðgvÂ‡ji aijv b`xi MVb Ges 
cªevn ˆewk‡ói GKwU mgwš^Z we‡kølY

†gvt gvndzRyj nK I mv‡jn kvwKj

mvims‡¶c

aijv GKwU AvšÍt-‡`kxq b`x| Drmcªv‡šÍ GwU RjXvKv b`x bv‡g cwiwPZ| evsjv‡`‡k aijv 
b`x AvKw¯§K eb¨v Ges b`xfv½b wech©‡qi Rb¨ we‡kl cwiwPZ| cªwZeQi Gme wech©q b`xZxi¯’ 
f~wg Ges AeKvVv‡gv‡K fxlYfv‡e ¶wZMª¯’ K‡i| G M‡elYvwU b`xZxi¯’ AÂ‡ji ̄ ’vwbK wech©‡qi 
gvÎv eyS‡Z Ges Zv cªwZ‡iv‡a KiYxq wVK Ki‡Z mnqZv Ki‡e| b`xwU f~Uv‡bi Drmg~‡L cªvq 
310 wgUvi D”PZvq DrcwË n‡q fvi‡Z 290 wgUvi D”PZvq cª‡ek K‡i cªevwnZ nevi ci 
evsjv‡`‡k 34 wgUvi D”PZvq cª‡ek K‡i| G b`xwU evsjv‡`‡ki Af¨šÍ‡i cªvq 55 wK‡jvwgUvi 
cªevwnZ n‡q 24 wgUvi D”PZvq hgybv b`xi Wvb Zx‡i (cwðg cªv‡šÍ) wgwjZ nq| b`xDrmg~‡L 
evwl©K e„wócv‡Zi cwigvb cªvq 4365 wgwjwgUvi Ges evsjv‡`‡k b`xcvk©¦eZx GjvKvq cªvq 3557 
wgwjwgUvi| Drmg~‡L cªavbZ Acª‡ek¨, D”P Xv‡ji, iƒcvšÍwiZ wkjvi Dcw¯’wZi Kvi‡b e„wócv‡Zi 
KgB f~M‡f© cª‡ek K‡i, AwaKvskB f~cwifv‡Mi cªev‡n cwibZ n‡q `ªæZ fvwU‡Z cªevwnZ nq| 
evsjv‡`‡k aijv b`xi cªevn DRv‡b ZvjyK-wkgyjevwi Ges fvwU‡Z KywoMªvg G cwigvc Kiv 
nq| ZvjyK-wkgyjevwi‡Z Mo cªevn cªvq 462 wKD‡gK Ges 30 wK‡jvwgUvi fvwU‡Z KywoMªv‡g 
GwU cªvq 28 kZvsk e„w× †c‡q cªvq 628 wKD‡gK cwiYZ nq| Ryb n‡Z A‡±ei GB mvZ gv‡m 
b`xcªev‡ni cªvq 87 fvM cªevwnZ nq| evwl©K b`xcªev‡ni Mªvd n‡Z †evSv hvq †h aijv GKwU 
AvKw¯§K eb¨vcªeY b`x| b`xRjc„‡ôi D”PZv we‡køl‡Y †`Lv hvq 2016 mv‡ji RyjvB gv‡m 
b`xRjc„ô 27.56 wgUvi D”PZvq DcbxZ nq hv GB GjvKvi wec`Zj 26.5 wgUvi‡K AwZµg 
K‡i hvq| me©wbgœ b`xRjc„ô gvP© gv‡m 22.5 wgUvi D”PZvq cvIqv hvq| ZvjyK-wkgyjevwi n‡Z 
30 wK‡jvwgUvi `~iZ¡ AwZµg K‡i KywoMªv‡g b`xRjc„‡ôi D”PZv cªvq 4.7 wgUvi nªvm cvq| 
10wU µm-‡mKk‡bi mvnv‡h¨ mg‡qi mv‡_ b`xi Zj‡`‡ki cwieZ©b‡K we‡kølY Kiv n‡q‡Q| 
GB we‡køl‡Y †`Lv hvq 2011 n‡Z 2014 mv‡j aijv b`xi MfxiZv AwaKvsk ¯’vbB n«vm cv‡”Q| 
me‡P‡q †ewk n«vm †`Lv hvq †mKkb 7, 6 I 5 As‡k Ges GB Ask¸‡jv Ab¨Zg fv½bcªeY 
GjvKv| DcªMnwP‡Îi gva¨‡g b`x MV‡bi cwieZ©b we‡køl‡Y †`Lv hvq aijv b`xi evsjv‡`k As‡k, 
b`xwU cª_‡g †ebxcªevn (†eªB‡WW) I cieZx‡Z euvKeûj (wgAvÛvwis) MVb cª`k©b K‡i| GB 
MV‡bi cwieZ©b g~jZ f~L‡Ûi Xv‡ji mv‡_ m¤úKhy³| aijvi wb¤œ AskwU AZ¨šÍ cwieZ©bkxj, 
djkÖæwZ‡Z Gi cøvebf~wg‡Z A‡bK cy‡iv‡bv cªevnwPý, Ak¦L~ivK„wZ Rjvavi †`Lv hvq| 1972 
Ges 2019 m‡bi DcªMnwPÎ Zyjbv K‡i †`Lv hvq aijvi Mo cªk¯ÍZv 600 wgUvi n‡Z 200 
wgUv‡i nªvm †c‡q‡Q| AwaKvsk ¯’v‡bB b`xwU c~e©w`‡K m‡i hv‡”Q| wKš‘ wKQy myw¯’i ¯’vbI wPwýZ 
Kiv hvq †hLv‡b cªevnwU 47 eQ‡i ¯’vb cwieZ©b K‡i bvB| hgybv b`xi m‡½ aijv b`xi wgjb 
¯’vbwU LyeB cwieZ©bkxj Ges eZ©gvb wgjb¯’vbwU 4 wK‡jvwgUvi DË‡i m‡i G‡m‡Q| Gi GKwU 
g~j Kvib AwaK cªev‡ni hgybv b`xi cvk©¦Pvc (e¨vKIqvUvi cªfve)| wgjb¯’v‡b P‡ii Dcw¯’wZ GB 
cvk¦©Pvc‡K cªfvweZ K‡i Ges cvk¦©eZx ¯’v‡b b`xfv½b‡K e„w× K‡i|
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