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Abstract Understanding flood vulnerability is crucial for identifying and mitigating high-risk regions. This research
employs hydro-morphometric modeling to assess flood risk within the Old Brahmaputra River Basin, Bangladesh. Utilizing
GIS-based techniques, the study evaluates flood vulnerability through advanced spatial analysis, focusing on six key
parameters: river basin characteristics, flow direction, stream length, stream order, stream density, and drainage density. The
analysis applies Horton’s and Strahler’s methods to assess drainage and stream densities, revealing that higher channel
densities correlate with increased flood susceptibility. The basin is segmented into 5 sub-basins (namely A, B, C, D and E),
with stream densities of 0.40 km?, 0.36 km?, 0.37 km2 0.34 km? and 0.38 km2and drainage densities of 0.71 km™, 0.66 km™,
0.69 km™, 0.61 km™, and 0.63 km™, respectively. Thus, identifying sub-basin A as the most flood-prone due to its dense
stream network. Conversely, sub-basins B and D exhibit lower flood risks. The study highlights substantial impacts on
2,355.34 km? of agricultural land and 1,295 km? of built-up areas, particularly in the northeastern region. This research
underscores the importance of hydro-morphometric modeling in flood risk management, offering a valuable framework for
long-term planning and early warning systems. The findings contribute significantly to the understanding of flood hazards
and provide a practical approach for flood risk identification and mitigation.
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which is characterized by intense rainfall [6]. Bangladesh,
despite occupying only a minor portion of the basins' catchment
area, is responsible for draining 92% of the water into the
Bay of Bengal [1], [7]. This surplus of water threatens
agricultural security by disrupting lives and livelihoods.
Bangladesh has experienced numerous catastrophic
cyclones since gaining independence. In 1984, 1987, 1988,
2004, and 2007, there were particularly destructive events
[8]. Despite the fact that the 1988 deluge inundated 61% of
the landmass, 2-6.5k person dying, millions were displaced,
and significant economic losses were incurred, the event
remains etched in the nation's memory [8], [9]. Floods are a
persistent hazard, as evidenced by the two significant events
that occurred in 2017: an early flash flood in the Haor
region and a monsoon season flood that affected the

1. Introduction

Bangladesh, a country in South Asia, is one of the most
vulnerable countries in this region, as it is perpetually
confronted with flooding [1]. This country also has around
6.67% of total water bodies within its 1,47,570 km? area [2].
This vulnerability is the result of a combination of factors,
including a high population density, pervasive poverty, a
geographical location in a flood-prone region, and a heavy
reliance on sectors that are susceptible to flooding [3] [4].
The danger for flood is mostly divided into 3 categories:
Severe River Flooding, Moderate River Flooding, and Low
River Flooding.

Maps that compare the relative levels of food hazards in
the region are used to illustrate these categories [5]. The

Ganges-Padma, Brahmaputra-Jamuna, and Meghna River
basins are subject to floods during the monsoon season,
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northern regions of the country [10]. Consequently, floods
are the most severe and frequent natural hazard that affects
Bangladesh, with more than 20 million individuals living in
flood susceptible areas [11].

The geological makeup, heavy monsoon rainfall, river
sedimentation, and geographic location of the Old
Brahmaputra River Basin render it particularly vulnerable.
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This river starts from left banked side of the Brahmaputra
on the north of Bahadurabad [12]. Owning a general
south-east direction this is flows more or less parallel to this
river and passing Jamalpur and Mymensingh and drops into
the Meghna River at Bhairab-Bazar [13]. Sometimes they
are part of Brahmaputra and lower Ganges channels as seen
from some maps made centuries earlier. James Rennell was
one of the men who created the most accurate map way
back 1760 [14] [15]. Planning from this map it is identified
that the course of the Brahmaputra was a little towards
east of the Madhupur tract; which is referred today as the
Old Brahmaputra. A part of the channel of Brahmaputra
River below Dhaka shifted to the river and then curving
towards Mymensingh loop was silted up and thus the old
Brahmaputra shifted its course of flow to Shitalakshya and
lastly to the Megna. The Old Brahmaputra adopted its
present course between the Madhupur Tract and the Barind
tract in 1787. During the same year, the river shifted its
course and was called Jamuna. This shift occurred after a
significant flood that occurred in the same year. This in the
classical pattern that could be attributed to several factors
including the severe earthquake reported from Mymensingh
area in 1782 [15].

Indigenous coping mechanisms have been developed
by communities over generations, despite the hazards.
Furthermore, government and non-governmental organizations
exert themselves ceaselessly to provide assistance to
flood-affected communities [9], [16]. The goal is to reduce
the repercussions of prospective flood events, expedite
response efforts, and provide timely alerts [5], [16], [17].
A more effective method of managing flood hazards and
risks in the historic Brahmaputra River Basin is to employ
hydro-morphometric modeling, flood hazard zoning, and
flood risk assessment.

2. Materials and Methods

2.1. Study Area

This study concentrates on the Old Brahmaputra River
Basin in Bangladesh as a target area for rapid flood mapping
and potential damage evaluation. The basin encompasses a
significant portion of the country, including key districts such
as Gazipur, Mymensingh, Netrokona, Kishoreganj, Sherpur,
Jamalpur, Tangail, Brahmanbaria, Narsingdi and. Our study
area focuses on Gazipur, Kishorganj, Mymensingh, and
Narshingdi. For this study, we have selected catchment areas
including Gazipur, Kishoreganj, Mymensingh, and Narshingdi
(Figure 1). To accurately depict the terrain, a Digital Elevation
Model (DEM) was generated using satellite imagery from
the USGS, revealing elevations ranging from -25 m to 46 m
(Figure 2).

The Brahmaputra River, also known as Jamuna in
Bangladesh, is the primary river within this basin. It is a vital
lifeline for a huge number of people in the area. Originating
in the Himalayas, the river traverses through China, India,

and Nepal before entering Bangladesh, where it merges with
the Ganges. The Brahmaputra River basin covers a vast area
of around 47000 square kilometers [18]. A map showing the
Brahmaputra as a system of smaller channels that met the
Meghna River was created by Rennell, who was the first to
investigate the river. The current course of the river is really
that of a smaller river called the Old Brahmaputra [13].
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Over time, the river changed its path and is today known
as the Jamuna River. Old Brahmaputra River became an
antecedent in certain areas due to its gradual tilt. Because of
this, the river eroded into slowly or intermittently rising
Pleistocene sediments that were comparatively resistant to
erosion [19]. Faulting is probably the main cause of the
Brahmaputra River's recent course alteration, which has
moved it from its old location east of the Madhupur tract to
where it is now. On the Brahmaputra River's left bank, the
Old Brahmaputra River now acts as a drainage channel [20].
Whenever the Brahmaputra River is at a high-water level, it
becomes operational. This discharge and the sediment
transport through the river is possible only by opening of the
off take with the Old Brahmaputra River. The slope of the
study is also taken into consideration in this study (Figure 3).

Bangladesh, occupying a relatively small portion of the
basin, is highly susceptible to seasonal fluctuations in river
flow due to its geographical location and monsoon climate.
The monsoon season, starting from July to October,
contributes to approximately 80% annual river discharge,
often leading to severe flooding [21], [22]. In recent years,
the OId Brahmaputra River Basin has become more and
more vulnerable to flooding due to factors such as reduced
riverbed elevation, sedimentation, and intense monsoon
rainfall [23], [24]. These conditions exacerbate the river's
tendency to overflow its banks during the rainy season, causing
widespread damage to homes, livestock, and agricultural.

2.2. Methodology

Regarding sources of data to conduct this study, the USGS
(United States Geological Survey) used a composite satellite
image (DEM) to assess the stream channels and flood
frequencies in the Old Brahmaputra River basin. The streams
are arranged employing a stream ordering methodology in
GIS setting, proposed by Strahler [25]. An analysis of flood
depth grids was also made using the spatial analyst tools
particularly hydrological model tools were utilized. The
outcome of the study was therefore undertaking of a flood
zoning map which integrated flood zoning data obtained
from the WDBB. Downloading satellite image data (Landsat
TM) from the USGS was essential in establishing the
capacity of this community to the food vulnerability in this
river basin. These analyses allowed one to detect pre-to-
medium vulnerability levels among the sector, component,
and resource types. Sophisticated techniques and equipment
were employed to classify the land use and land cover to
determine the degree of vulnerability of the community to
flood.

For this study, out of several fundamental parameters
including drainage density, soil type, TWI, river network
density, LU/LC, distance, main priority has been given on
drainage density, LU/LC. Using the ArcGIS software, the
"line density" function was utilized to calculate and visualize
the density of the drainage network in kilometers per square
kilometer. Understanding the behavior of water in different
types of formations is crucial in managing the risk of flooding.
A permeable formation plays a vital role in facilitating the

absorption of precipitation, helping to mitigate the potential
for flooding.

The elements of hydrological processes, such as infiltration,
surface runoff, evaporation, and evapo-transpiration, are
affected by the parameters of Land Use/Land Cover
dynamics. The factors that most strongly influence flooding
in a particular area are land use and land cover dynamics,
elevation, and slope, which has been employed in this article.
Understanding the principles of physics can help comprehend
how forest and vegetation cover can enhance infiltration and
reduce the depth of runoff, thus mitigating the risk of floods.

While analyzing the ability of vegetation to act as barrier
useful for reduction of runoff and moderation of floods, the
most effective tool is the normalized differential vegetation
index (NDVI). Large population is gradually encroaching on
the agricultural and grassland region which absorbs the flood
water naturally. These are new dynamics that call for new
dynamics in managing floods in urban regions.

2.3. Stream Channel

The stream network in the research area is then derived
using geoprocessing methods. According to Strahler (1957),
the technique yields a grid of stream networks and offers
stream classification as its output. Source locations are often
known as upstream and the point, where one tributary
channel joins with other is said to be downstream or node
[25]. While interior connections create link between two
nodes or link between node and out, exterior connections are
segments which connect source and node. Typically, every
link in the stream possesses a different length and different
contributing area. The length is measured along its downstream
direction, and the contributing area includes all the area that
drains through the link. IT streams are designed as network
segments that contain connected, continuous links, which are
in the same order.

2.4. Stream Order

In order to analyze and expedite the drainage basin, stream
orders are needed to be determined. This spatial positioning
approaches were originally designed by geo- morphologists
to know the location of a stream in the branching channel
system and not the stream ordering based on its size. For this
study, Strahler's stream ordering system has been employed.
“Strahler order, the most generally used ordering method,
defines streams without tributaries as first-order; streams
with > 2 first order tributaries as second-order; streams with
> 2 second order tributaries as third order, and so on.” [25], [26]

2.5. Stream Length

This From the Horton law, this research determined the
stream length (Lu) of the Old Brahmaputra basin. As stream
length is one of the most vital hydro mauri to assess
vulnerability to flood hazard, since it measures the river
basin’s surface runoff. Chorley 1995 citing Horton pointed
out that in a river basin the stream length is most important
in the first order and reduces in the subsequent orders [27].
The number and length of the streams in a stream order may
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be identified with the help of GIS analysis in hydrologic
conditions.

2.6. Stream and Drainage Density

Calculating flood risk involves considering two main
factors: drainage and stream density. This study investigated
the susceptibility of floods in the Old Brahmaputra River
basin by utilizing Horton's drainage and stream density
model. According to Al-Hurban, these models operate on the

km?, 0.37 km, 0.34 km™, and 0.38 km™ respectively. The
drainage density of the basins is 0.71 km™, 0.66 km™, 0.69
km™, 0.61 km™, and 0.63 km™ respectively (Figure 5) and
(Table 1). Out of the 5 sub-basins in this river basin,
sub-basin A has a high stream, and drainage density, making
it closer to flooding. On the other hand, sub-basin C is
less susceptible to flooding due to its low stream. and low
drainage density.
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Figure 5. Drainage density on the catchment area

Table 1. Hydro-morphometric Information of Old Brahmaputra River Basin

. Sub-Basin
Hydro-morphometric Parameter
A B C D E
1st 245 214 211 267 113
2nd 126 107 94 136 49
3rd 108 49 64 63 33
Stream Order (Horton's Law)
4th 30 2 38 27 21
5th 36 47 7 9 14
6th 0 0 0 0 7
Total Streams (No.) 545 419 414 502 237
Basin Area (sq. km) 1351.00 | 1167.10 | 1116.22 | 1481.50 | 622.85
Stream Length (km) 961.52 766.83 775.41 903.21 394.43
Stream Density(km™) 0.40 0.36 0.37 0.34 0.38
Drainage Density (km™) 0.71 0.66 0.69 0.61 0.63
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3.2. Community Flood Vulnerability of
Old Brahmaputra River Basin

In this river basin, the total area that has been impacted by
floods is 3414.43 km?. The several regions that fall within
this category, including Gazipur (221.11 km?), Kishoreganj
(699.93 km?), Mymensingh (2292.69 km?), and Narsingdi
(200.79 km?). More than 65% of the land in Mymensingh is
vulnerable to flooding, which is a substantial proportion
compared to the other districts that were examined in this
river basin (Table 2).

Table 2. Community Flood Risk on Old Brahmaputra River Basin

nearly 54% of this area is designated as agricultural land,
encompassing over 2577.58 km?. Following this, urbanized
zones represent about 28% of the total area, translating to
slightly more than 1324 km? where significant urban
development is primarily concentrated in metropolitan areas.
Additionally, the area classified as vegetation occupies
550.75 km?, constituting 11.44% of the overall expanse.
Barren lands account for 155.87 km?, or 3.24%, while aquatic
ecosystems are represented by 203.36 km?, corresponding to
4.23% of the total area.

On the basis of severity, flood in Old Brahmaputra River
Basin is classified into 3 categories: Low River Flood,

— - > Moderate River Flood, and Severe River Flood. Other than
District Flooding Area(km®) Percentage (%) . .
: this, another class, namely, Not Flood Prone area is also
Gazipur 22131 648 determined (Table 4).
Kishoreganj 699.93 20.50
Mymensingh 2292.69 67.14 Table 3. Land use and Land Cover data for the river basin
Narsingdi 200.79 5.88 Class Area(km?) Percentage (%)
Total 3414.72 100.00 Water Body 203.36 4.23
. ) ) Agricultural Land 2577.58 53.57
3.3. Vulnerability to River Basin Resources Built Up Area 1324.22 27 52
According to the classification of the Old Brahmaputra Barren Land 155.87 3.24
River- Basin’.s land use and lan-d cover, the land is Vegetation 550.75 11.45
sub-divided mto_ 5 major categorl_es: Agricultural Iapd, Total 481178 100
Barren land, Built-up area, Vegetation, and Water bodies.
Agricultural land refers to areas primarily used for farming. i Lt
This includes land for growing crops, raising livestock, and LAND USE AND LAND COVER N

cultivating fruits and other plants. Barren land refers to areas
with little or no vegetation. This includes land that is exposed
rock, sand, or clay, as well as areas with very sparse or no
plant cover. Built-up area represents the extent of
urbanization and development by human-made structures.
This includes areas occupied by residential, commercial,
industrial, and transportation infrastructure. Essentially, it
represents the extent of urbanization and development.
Vegetation areas are covered by plant life. This can range
from dense forests to grasslands, wetlands, and even sparse
vegetation like shrubs. And, lastly water bodies represent the
areas covered by water, such as rivers, lakes, oceans, and
reservoirs.

The cumulative inundated region analyzed in this study is
approximately 4900 km?. According to Table 3 and Figure 6,
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Figure 6. Land use and Land cover data on the catchment area

Table 4. Flood Risk Resources

Agricultural Land | Built Up Area | Vegetation | Barren Land | Water Body

Flood type ) ) ) ) )

(km%) (km%) (km) (km) (km°)
Severe River Flooding (SRF) 57.86 25.12 4.45 2.04 4.13
Moderate River Flooding (MRF) 717.15 234.11 144.98 31.26 38.1
Low River Flooding (LRF) 902.42 528.15 166.64 65.88 69.7
Not Flood Prone 899.57 536.84 234.64 56.71 91.43

Total: 2577 1324.22 550.71 155.89 203.36
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Low River Flooding affects an area of 902.42 km?
agricultural land, 499.11 km? of built-up area, 166.64 km?
vegetation, 65.88 km? of Barren land, and 69.7 km? of water
body within this river basin. On a whole, Moderate River
Flooding affects an area of 717.15 km? agricultural land,
234.11 km? of built-up area, 144.98 km? vegetation, 31.26
km? of Barren land, and 38.1 km? of water body within this
river basin. And, Severe River Flooding affects an area of
57.86 km? agricultural land, 25.12 km? of built-up area, 4.45
km? vegetation, 2.04 km? of Barren land, and 4.13 km? of
water body within this river basin. Other than these, not flood
prone area includes an area of 899.57 km? agricultural land,
536.44 km? of built-up area, 234.64 km? vegetation, 56.71
km?of Barren land, and 91.43 km? of water body within this
river basin. (Figure 7 and Figure 8).
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Table 5.  Zoning for flood risk of Old Brahmaputra River Basin according

to different flood classes

Region LRF(km?) MRF(km?) SRF(km?)
Gazipur 168.14 41.59 11.58
Kishoreganj 499.16 170.27 30.5
Mymensingh 1484.43 714.61 93.65
Narsingdi 163.81 28.53 8.45

Risk has also been zoned in accordance with the region
associated with it. From the data (Table 5), Mymensingh
contains highest risk for LRF with 1484.43 km? area and
Narshingi the lowest with 163.81 km? area. This remains
consistent with Mymensingh zone being the highest risk for
both MRF and SRF with 714.61 km? and 93.65 km”area and
Narshingi being the lowest risk of these 4 regions with 28.53
km?and 8.45 km? area. Whereas, Kishoreganj and Gazipur
stays in between in case of flood risk.

From on the findings of this study, it is possible to conclude
that the agricultural lands and resources located in the basin
of the Old Brahmaputra River are more sensitive to flood.
This is a significant risk to the community, as it poses the
possibility of enormous losses that require an early mitigation
action plan, unless the plan is going to be very expensive.

3.4. Comparative Study of Flood History of the Old
Brahmaputra River Basin

According to Flood Forecasting and Warning Centre
(FFWC) under the Bangladesh Water Development Board
(BWDB)’s annual food 2021, “Out of 30 Water Level (WL)
monitoring stations in Brahmaputra basin, at 16 stations,
river WL crossed their respective Danger Levels (DL). As a
result, low-lying areas of Kurigram, Nilphamari, Bogra,
Serajgonj, Manikganj, Jamalpur and Tangail districts were
mostly flooded for short to medium duration” [28]. Similarly,
in 2020, “Out of 31 stations, 25 stations crossed their respective
Danger Levels (DLs). Thus caused a severe flood situation in
July which lasted up to 63 days at low lying places such as
Kurigram, Lalmonirhat, Nilphamari, Rangpur, Gaibandha,
Bogra, Sirajganj, Natore, Pabna, Jamalpur, Tangail, Manikganj,
Dhaka and Narayanganj” [29]. Also in 2019, “Out of 30
monitoring stations, 16 stations crossed their respective
Danger Levels (DL). During this period, low-lying areas of
Kurigram, Lalmonirhat, Nilphamari, Gaibandha, Bogra,
Sirajganj, Jamalpur, Tangail and Manikganj districts were
mostly flooded” [30]. These data show the whole Brahmaputra
basin but our study area focuses on Old Brahmaputra, which
passes by Jamalpur and Mymensingh towns and falls into the
Meghna river at Bhairab Bazar. Detailed of the data ranging
from 2015 to 2021 is given in the data Table 6 below [29],
[31], [32], [33], [34], [35], [36], [37].

Although 30 stations are placed for Brahmaputra basin
only 2 station is placed for the old Brahmaputra River basin:
Jamalpur and Mymensingh station. From the data from
BWDB, it is clearly evident that during 2019 and 2020,
the peak water level for Jamalpur station was over the
Danger Levels. And, during 2015, the peak water level of
Mymensingh was over Danger Levels.

This research finds that north-eastern region of the river’s
basin-area is at more prone than that of southern part, which
clearly aligns with annual flood reports by FFWC, BWDB of
2015 to 2021. The study also reveals that Jamalpur area is
more susceptible in the flood susceptible map, at the same
time Mymensingh is more prioritized because it is within the
scope of this study.
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Table 6. Comparative data table among the annual food reports by BWDB
Year Most affected Station Danger level (m) Peak of the year (m) Reference
Jamalpur 17 15.62
2021 - BWBD 2021
Mymensingh 12.5 9.52
Jamalpur 17 17.18
2020 - BWBD 2020
Mymensingh 12.5 12.43
Jamalpur 17 17.17
2019 - BWBD 2019
Mymensingh 12.5 12.31
Jamalpur 17 14.98
2018 - BWBD 2018
Mymensingh 125 9.4
Jamalpur 17 17.01
2017 - BWBD 2017
Mymensingh 12.5 12.03
Jamalpur 17 16.76
2016 - BWBD 2016
Mymensingh 12.5 11.66
Jamalpur 17 15.84
2015 - BWBD 2015
Mymensingh 125 13.04

3.5. Discussion

This study aims to provide more understanding about the
method of food risk assessment particularly in the Old
Brahmaputra River Basin employing integrative method and
GIS. The following vulnerability factors were identified by
the re-search; land use, slope, and elevation of the river. The
north-eastern portion of the Old Brahmaputra basin-area is in
the highest vulnerability stage, thereby leaving it at a higher
risk than the easter portion, which is influenced by its
elevation and the number of high-order streams that take a lot
of water.

The zoning of flood risk indicates that Mymensingh
exhibits the highest risk for Low River Flooding (LRF), with
an area of 1484.43 km?, while Narshindi presents the lowest
risk at 163.81 km? This pattern remains consistent across
Moderate River Flooding (MRF) and Severe River Flooding
(SRF), with Mymensingh again showing the highest risks at
714.61 km? and 93.65 km? respectively, whereas Narshindi
retains the lowest risk in these categories, with 28.53 km? for
MRF and 8.45 km? for SRF.

The findings highlight that the agricultural lands and
resources within the Old Brahmaputra River Basin are
particularly sensitive to flooding, representing a significant
risk to local communities. This sensitivity poses the potential
for substantial economic losses, emphasizing the urgent
need for an early mitigation action plan to address these
vulnerabilities. If left unaddressed, the costs associated with
such a plan may escalate dramatically.

The application of Horton’s and Strahler’s methods for
assessing drainage and stream densities reveals a direct
correlation between higher channel densities and increased
flood susceptibility. The basin is divided into five sub-basins
(A, B, C, D, and E), with respective stream densities of
0.40 km?, 0.36 km?, 0.37 km?, 0.34 km?, and 0.38 km’, and
drainage densities of 0.71 km™, 0.66 km™, 0.69 km™, 0.61
km™, and 0.63 km™. Notably, sub-basin A is identified as the
most flood-prone due to its dense stream network, while

sub-basins B and D exhibit comparatively lower flood risks.

This research emphasizes the critical role of
hydro-morphometric modeling in flood risk management,
providing a robust framework for long-term planning and
the development of effective early warning systems. The
findings significantly contribute to the understanding of
flood hazards and offer practical strategies for flood risk
identification and mitigation.

4. Conclusions

The analysis of the drainage network within the Old
Brahmaputra River Basin reveals its pronounced
susceptibility to flooding, attributable to both its geotectonic
formation and low-lying elevation. The region experiences
frequent flash floods due to intense rainfall and is subjected
to seasonal flooding on an annual basis. The flood zoning
analysis indicates that the northeastern portion of the basin is
at an elevated risk compared to other areas. This heightened
vulnerability is primarily due to the presence of multiple
high-order streams that convey substantial volumes of water,
coupled with topographical disparities across the region.
The findings underscore that the inhabitants of the Old
Brahmaputra River Basin face a greater degree of flood
risk than previously anticipated. This research of land use
classifications reveals that vegetative and agricultural areas
occupy a larger expanse than urban settlements. However,
this does not necessarily confer safety upon those residing in
these regions. In fact, individuals living in densely populated
locales adjacent to water bodies may face increased hazards
due to the scarcity of higher ground in their vicinity. Despite
their awareness of the inherent risks associated with natural
disasters, many residents choose to remain in their cherished
communities, as relocation is often not a feasible option.
Their prolonged engagement with the local environment
has enabled them to derive valuable insights and develop
adaptive strategies for anticipating and mitigating potential
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threats. This deep-rooted understanding of their surroundings
allows them to leverage their local knowledge in the face of
adversity.
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