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Abstract
The present study aimed to delineate robust watershed boundary and extract its morphometric parameters in Karnaphuli watershed, Bangladesh using
different types of digital elevation models (DEMs). Two DEMs, such as Shuttle Radar Topographic Mission (SRTM) and the Terra Advanced Spaceborne
Thermal Emission and Re�ection Radiometer (ASTER), were utilized to delineate watershed boundary and evaluate several morphometric characteristics.
From the �ndings, it is revealed that there is a visual difference between the data sets as ASTER has a larger watershed area than SRTM. Also, regarding
stream order, there are actually 1 to 6 orders of stream, so there are so many small, medium and main channels of the river, where the drainage density for
SRTM (spatial resolution: 30m) and ASTER (spatial resolution: 30m) is 0.52 km/km2 and 0.51 km/km2. The bifurcation ratio ranges from 1.94 and 2.45 for
SRTM and ASTER, respectively, representing the in�uence of geological structure as well as suffering more structural disturbances. The form factor denotes
the study area's elongated shape. The entire dimension of the stream and the extent of the watershed imply that the mean annual rainfall discharge is
moderate. The watershed has rather high denudation rates, according to the basin relief. The watershed's drainage density is low, demonstrating that
in�ltration is more important. This study may help policymakers to take decisions on the Karnaphuli River on conservation of the river stream and �ow path,
which will ultimately enrich the river ecology and other vegetation cover in Chittagong, Bangladesh.

1. Introduction
Geomorphometry is a quantitative land surface analysis science that could be applied to compute land surface characteristics (for example slope, aspect,
topographic wetness index, and so on) and objects (such as a watershed line, cirque, alluvial fan, drainage network, and so on) (Beheshti Javid et al., 2018;
Hengl & Evans, 2009). Analysing basin morphometry and delineating watershed are important in river basin studies because it provides essential information
about the drainage networks (Abdeta et al., 2020), topographic factors (Nikolova et al., 2021), geology (Ghosh et al., 2020), and climatic (Gebremeskel &
Kebede, 2018) features of the basin. As a consequence, numerous researchers across the world have been determining the morphometric properties of basins
in respect of better understand the physical aspects of their research regions and obtain thorough information concerning them.

Several methodologies and techniques may be used in basin studies to extract borders, drainage networks, and morphometric characteristics. While some
researchers choose conventional methods such as topographical maps and �eld surveys to support their investigations, others prefer modern methods such
as GIS-produced DEMs and digital surface models (DSMs) and remote-sensing techniques (Bove et al., 2020; Rogers et al., 2020). DEMs could be acquired
from a variety of sources, including topographic maps, DGPS �eld surveys, radar interferometry, satellite data, drones, and contour maps. Satellite-based
DEMs have grown admiration resulting from their accessibility and ease of usage. More improved resolutions and open access to DEMs have become
accessible in the last decade, such as the Advanced Spaceborne Thermal Emission and Refection Radiometer (ASTER) (version 2, 30 m), SRTM with 90 m and
30 m, Advanced Land Observing Satellite (ALOS), Panchromatic Remote-sensing Instrument for Stereo Mapping—30 m (PRISM). As a result, DEM and DSM
are sophisticated techniques that can accurately compute features. The use of remote sensing data in this regard is very effective as GIS and image-
processing techniques can be functional for demarcation of morphological parameters of the basin and drainage patterns (Tribhuvan & Sonar, 2016). DEMs
have been frequently utilised in basin morphometric investigations. The spatial resolution of DEMs in�uences their capacity to reveal surface topography
characteristics (López-Vicente & Álvarez, 2018). High-resolution DEMs can give more comprehensive topographic information (H. Zhao et al., 2017).

A watershed is an area that acts as a catchment for water to convey the water to common outlets (Bajjali, 2018). It is a fundamental hydrologic unit used for
hydrologic design and for studying the movement, distribution, quality, and quantity of water in a speci�c area (Bajjali, 2018). Watershed properties are
important for determining and predicting hydrological systems as well as for designing watershed management strategies (Liu et al., 2016). Accurate
delineation of watersheds is important for simulating runoff and drainage (Li et al., 2019). However, because of large depressions and subtle elevation
differences on a local scale it is di�cult to derive an accurate river network from conventional Digital Elevation Model (DEM) processing methods (Lai et al.,
2016; Li et al., 2019). Satellite images in combination with different algorithms and analysis techniques are helpful in this regard to developing more accurate
watersheds and river networks (Lai et al., 2016; Li et al., 2019).

Watershed parameters constitute the basic units for monitoring the health of the watershed as well as understanding natural resources and environmental
issues (Hazbavi, 2018). Using a Geographic Information System (GIS) to analyze morphometric parameters such as stream ordering has been shown in
studies to be a useful method for studying the hydrological behaviours of watersheds (Kumar et al., 2018). These parameters, such as basin area, bifurcation
ratio, and sinuosity of a stream channel all have direct impact the storm hydrograph and the magnitude of peak and mean runoff (Chorley, 2019). The
drainage characteristics show the effect of these drivers' variance from location to location. Detailed morphometric investigations shed light on basin
succession and the function of drainage morphometry in the formation of landforms and their features. The slope, size, form, drainage density, and length of
streams are all physiographic features of drainage basins that can be linked to several signi�cant hydrologic phenomena and it's an important technique in
any hydrological research, such as identi�cation of groundwater potential zone, paedology, environmental evaluation, and it's a topic that both
geomorphologists and hydrologists are interested in (Kumar et al., 2018; Sahu et al., 2018). The morphometric parameters are used to de�ne and compare the
basin traits and processes that illustrate the drainage basin's geologic and geomorphic evolution (Strahler, 1964). Understanding the dynamics of a watershed
requires morphometric study. Basically, drainage basin morphometry aims to illustrate and forecast long-term basin dynamics that lead in morphological
changes within the basin (Mahala, 2020), as well as to outline physical changes in the drainage system through time in consequence to natural or human
interruptions (Kuntamalla et al., 2018).

Morphometric investigation has been widely used as an indirect technique for soil estimation, groundwater movement prediction, landslide susceptibility
mapping, and topography analysis in earth science and engineering domains (Basu & Pal, 2019). This work aims to examine the morphometric characteristics
and delineate the watershed using the SRTM DEM, which can have better precision than the ASTER GDEM (Elkhrachy, 2018; Khasanov, 2020). Although, the
present compares the accuracy of ASTER GDEM and SRTM DEM to compute and delineate watershed and its morphometric features. Both Ozdemir and Bird
(2009) and Karabulut and Özdemir (2016) used a 1:25.000 scaled topographic map and a 10 m resolution DEM to create drainage networks. They used this
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DEM as a baseline for analysing the performance of the ASTER GDEM (30 m) and SRTM DEM analyses (30 m). In addition to SRTM (90 m), ASTER GDEM (30
m), and CartoDEM, Das et al. (2016) employed DEMs generated from 1:50.000 and 1:250.000 topographic maps. DEMs generated from a 1:50.000
topographical map and ASTER GDEM V2 data have been considered to be more reliable and dependable in regards to absolute accuracy in their analysis. For
the appropriate management and planning of watersheds, Ahmed et al. (2010) evaluated certain morphometric characteristics generated from topographic
maps (1:50,000), ASTER DEM (30 m), and SRTM DEM (90 m). They came to the conclusion that both the ASTER and SRTM datasets produce satisfactory
�ndings, and that the DEM cell size is also essential. Zhao et al. (2011) Topography maps were used to test the e�cacy of ASTER DEM (30 m) and SRTM
DEM (90 m) in expressing elevation data. In certain locations, both the ASTER and the SRTM produced comparable �ndings, while the ASTER failed in �at or
slightly sloping terrain.

The low elevation terrain of coastal Bangladesh, combined with the abundance of rivers and the monsoon season, makes the region extremely vulnerable to
natural disasters (Rahman & Rahman, 2015). The south-eastern hilly region is highly susceptible to �ash �ooding following heavy rainfall events. As a result,
a thorough study of the river basins in this region, which are dominated by the Karnaphuli and Sangu rivers, is essential (Adnan et al., 2019). The Chittagong
seaport plays the biggest role in the economy of Bangladesh; hence, the importance of understanding the Karnaphuli River is undeniable (S. K. Roy & Navera,
2018). However, waterlogging due to intense rainfall events is a longstanding problem in Chittagong city and the region covered by the Karnaphuli River basin
(Mahmood & Matin, 2018). Progressive changes in the landscape within the basin, and the reduction of drainage capacity for various reasons, along with the
impacts of climate change, make the situation even worse (Masum et al., 2020). Number of studies have been carried out focusing on �ash �ood
susceptibility, land use-land cover, morphological changes, water security, contamination, �ow parameters, and economic development in the estuary of the
Karnaphuli River (Adnan et al., 2019; Akter & Tanim, 2021; Alam & Hossain, 2020; Ali et al., 2016; Islam et al., 2017; S. K. Roy & Navera, 2018; Sultana et al.,
2020), which indicate the importance of this region (Akter & Tanim, 2021). In a watershed, the catchment is the lowest spatial entity of the delineated region
where collective management of water can be implemented (Akram et al., 2012). Also, DEMs are very applicable to various aspects, where this is one of the
most primary conditions for diverse applications, where they are mostly useful in areas that are derived from detailed topographic outline (Kim & Kang, 2001;
Vadon, 2003).

The major goal of this research is to �nd out, "Which form of digital elevation model offers realistic results in terms of surface morphology and
morphometry?" Even, no such studies have been undertaken in the study area and also very rare studies have been conducted in Bangladesh. Most of the
studies have to rely on the watershed and drainage network as their basis. Therefore, it is important to improve the understanding and accuracy of the
watershed and drainage patterns that underpin all of the studies. Continuous improvement in this regard is necessary, which is why this study has been
carried out with the overall objective of enhancing the current understanding of the Karnaphuli River and its basin area. Speci�cally, this study was conducted
to outline the catchment delineation and evaluate the drainage network of the Karnaphuli River in Chittagong, Bangladesh using DEM data and GIS
techniques. By studying the morphometric analysis utilizing Remote Sensing and GIS, the current study elucidates the varied drainage characteristics of one
of the watersheds of the Karnaphuli Water Basin in Chittagong. The research will help researchers better understand the hydrological behaviour of the
watershed, including different climatic factors.

2. Methodology

2.1 Study Area
Karnaphuli River is one of the most signi�cant rivers in Chittagong (Figure 1). The river originates from the Lushai Hills of Mizoram, India having a total
catchment area of about 11,000 km2 (T. Ahmed et al., 2013). This rivers �ows over 180 km of mountainous wilderness in Chittagong Hill Tract and then �ows
for approximately 170 km through the port city of Chittagong before draining into the Bay of Bengal (22°12 N, 91°47 E) (Ali et al., 2016). From February to
November, the highest and lowest temperatures are above 35°C and 24.5°C, respectively (S. Roy et al., 2020). The �ow of this river varies greatly due to the
high variation in rainfall during the monsoon and dry seasons. The main watershed of the river is elongated in the north-south direction, which lies within
narrow valleys between parallel ridges of hills, through which the river has cut its channel. The Karnafuli river basin's topography is fairly �at and low in the
downstream portion, but quite rugged in the upstream portion (T. Ahmed et al., 2013). Geologically, the entire river catchment is formed with tertiary rocks with
alluvial deposits (Wang et al., 2016).

2.2 Materials
The identi�cation and delineation of watershed and drainage networks were downloaded from two different sources, such as SRTM DEM
(https://earthexplorer.usgs.gov/) and ASTER DEM (https://earthdata.nasa.gov/). The SRTM DEM products mainly found in two forms; these are the SRTM 30
m and SRTM 90 m spatial resolutions respectively. But in these studies, only 30m SRTM and ASTER DEM 30 m have been used in these studies and the
format of the images is tif (Tag image �le).

2.3 Work Procedure
The study area's delineation and drainage basin analysis are done quantitatively using the Arc-hydro tool in ArcGIS 10.5 software. The methodology used to
de�ne the drainage network and watershed boundaries is depicted in Figure 2.

2.3.1 Fill
DEMs are typically composed of depressions in the form of sinks and tall cells that trap and obstruct the �ow of water. In this case, the DEM �lling function
was used to sink the cell to be �lled, and tall cells were �rst cut off (Batis & Ahmed, 2014). In Figure 3, before �lling and after �lling are presented.
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2.3.2 Flow direction
According to the �lled DEM, the �ow direction was determined for each pixel. The numerical value from 1 to 128 in the �ow direction cell is distributed in eight
directions: east, west, south, north, southeast, southwest, northwest, and northeast (Figure 4). At all times, the water �ows in the direction of the steepest
neighboring cell value (Batis & Ahmed, 2014).

2.3.3 Flow accumulation
Flow accumulation is the hydrological modeling process, which creates a drainage network based on the �ow direction of each cell. A trial-and-error method
was used to extract the drainage network by considering pixels larger than a threshold by 2000 (Mark, 1983). Different studies represents that the threshold
value depends on the study area and many other speci�cations of the study areas (Arnold, 2010; Qin & Zhan, 2012; Schäuble et al., 2008). In our study we
de�ne based on hilly areas speci�cation and depending on our outcome.

2.3.4 Watershed Delineation
Basically, Drainage basins are delineated by the identi�cation of ridge lines among basins and the input �ow direction raster is analyzed to detect all the cells
in the same drying basin that are connected. The drainage basin are established by locating the dumps in the edges of the analysis window (where water is
poured out of the raster) and sinks. The dumping area over each dump is then identi�ed. This leads to a drainage basin raster.



Page 5/20

Table 1
Method for Calculating Drainage Basin Morphometric Parameters

Sl.no Parameters

And Symbol

Formula References

Linear aspects

1 Basin length, Lb Lb = 1.312 9 A0.568 (Sreedevi et al.,
2005)

2 Basin perimeter, P P = outer boundary of drainage basin measured in kilometers (Sreedevi et al.,
2005)

3 Stream order, U Hierarchical rank (Strahler, 1964)

4 Stream length, Lu Length of the stream in each order (R. Horton, 1945)

5 Mean stream length,
Lsm

Lsm = Lu/Nu, where Lu = total stream length of order ‘u’, Nu = total no. of stream segments of order
‘u’

(Strahler, 1964)

6 Stream number, Nu No. of streams in each order (Sreedevi et al.,
2013)

7 Stream length ratio,
R1

R1 = Lu/Lu−1, where Lu = the total stream length of the order ‘u’ Lu−1 = total stream length of its
next lower order

(R. Horton, 1945)

8 Bifurcation ratio, Rb Rb = Nu/Nu+1, Nu = total no. stream segments of order ‘u’, Nu+1 = number of segments of the next
higher order

(Schumm, 1956)

9 Mean bifurcation

ratio (Rbm)

Average of bifurcation ratios of all orders (Strahler, 1964)

Areal aspects

10 Drainage density, Dd Dd = Lu/A where, Lu = total stream length of all orders and A = area of the basin (km2) (R. E. Horton,
1932)

11 Drainage texture, Rt Rt = Nu/P, where Nu = total no. of streams of all orders, P = perimeter (km) (Smith, 1950)

12 Stream frequency, Fs Fs = Nu/A, where Nu = total no. of streams of all orders, A = area of the basin (km2) (R. Horton, 1945)

13 Elongation ratio, Re Re = 2/Lb * (A/p)0.5 where A = area of the basin, Lb = basin length (km) (Schumm, 1956)

14 Circulatory ratio, Rc Rc = 4 * π * A/P2, where π = 3.14, A = area of the basin, P2 = square of the

perimeter (km)

(Strahler, 1964)

15 Form factor, Rf Rf = A/Lb
2, where A = area of the basin (km2), Lb

2 = square of basin length (R. Horton, 1945)

16 In�ltration number, If If = Dd * Fs where Dd = drainage density and Fs = drainage frequency (Umrikar, 2017)

Relief aspects

17 Basin relief, Bh Vertical distance between the lowest and highest points of basin (Schumm, 1956)

18 Relief ratio, (Rh) Rh = Bh/Lb, where Lb = basin length (Schumm, 1956)

19 Ruggedness number,
(Rn)

Rn = Bh * Dd where Bh = basin relief, Dd = drainage density (Strahler, 1964)

2.4 Morphometric parameters
The SRTM & ASTER created a unique data set of worldwide elevations which is open to modelling and environmental applications (Sreedevi et al., 2005). The
Arc GIS 10.5 software has been used for automated extraction of watershed and drainage systems as well as to delineate the Karnaphuli Watershed
boundary. Again, a correlation between the morphometric parameters was established using MS Excel and IBM SPSS 25.

2.4.1 Linear parameters
The stream length illustrates the chronological development of stream segments and tectonic disturbance. In nature, the greater the order usually represents
the longer stream. This equation is identical to the perimeter calculation for the calculation of stream lengths. Stream length ratio (Rl) in the next sequence
represents the ratio between the stream lengths of a given order and the total stream. Throughout the basin's several stream orders, Rl tends to remain stable.
The bifurcation ratio is obtained when the number of stream segments of one order is divided by the number of stream segments of the next higher level. For
watersheds where geologic formations affect the drainage pattern, bifurcation ratios typically range from 3.0 to 5.0. In areas of steeply dipping rock layers,
where small strike valleys are limited between hogback ridges, abnormally high bifurcation ratios may be expected. Lower Rb values imply fewer structural
disturbances while the disturbances cannot altered the drainage pattern (Strahler 1964).
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2.4.2 Areal parameters
Drainage density (Dd) is a portion of the basin's wetness and is demarcated as the overall length of streams in a catchment per unit area. When an area's
drainage density is high, it means there's a lot of run-off and a low in�ltration rate, accordingly when it's low, it means there's a lot of run-off and a high
in�ltration rate (Julius et al., 2017; Markose et al., 2014). Drainage texture (T) is known as relative channel spacing in a �uvial separated landscape while
product of Dd and Fs is T. Vegetation, rock, soil type, in�ltration rate, relief, climate, rainfall pattern, and the phases of development of a basin are all aspects
to consider regarding T (Smith, 1950). The ratio of the total number of streams (Nu) in a basin and the basin area is known as stream frequency (Fs)
(Nongkynrih & Husain, 2011; Rao et al., 2010). Low drainage frequency indicates greater percolation and thus higher groundwater potential, while high
drainage frequency means more surface run-off (Choudhari et al., 2018; Hajam et al., 2013). The total number of streams (Nu) in a basin is divided by the total
basin area to calculate stream frequency (A). Schumm (1956) established the elongation ratio (Re) as the ratio of the diameter of a circle with the same area
as the drainage basin, where the basin's length is larger. In terms of run-off discharge, a circular basin differs from an elongated basin (Vittala et al., 2004). Re
values range from 0.6 to 1.0 across a wide range of climatic and geologic characteristics. Here, closer to 1.0 and 0.6-0.8 indicates very low relief and steep
terrain slope, respectively (Vittala et al., 2004). There are three types of Re values: (a) circular (0.9-0.10), (b) oval (0.7–0.9), and (c) elongated (<0.7). The
circularity ratio (Rc) compares the area of a basin to the area of a circle with the same diameter (Vittala et al., 2004; Waikar & Nilawar, 2014). Rc values of 0.5
and above depict that the basin is more or less circular, high to moderate relief, and structurally controlled drainage system. A drainage basin's form factor (Ff)
is the proportional area of the basin's to the square of its length (R. Horton, 1945). The basin with a high Ff has higher peak �ows for a shorter time, whereas
the extended sub watershed with a low Ff has lower peak �ows for a longer time (Chopra et al., 2005).

2.4.3 Relief parameters
Basin relief (R) is a crucial component in determining a basin's denudational features. The difference in height between the basin's maximum and minimum
points is referred to as basin relief. The relief ratio (Rh) is the ratio of the total relief (R) of the basin to the lengthiest dimension parallel to the main drainage
line (Lb). It depicts the impact of the intensity of degradation processes on the drainage basin's slopes on its steepness (Jasmin & Mallikarjuna, 2013; Moreno-
de las Heras et al., 2010). By multiplying basin relief by drainage density, the roughness number (Rn) is obtained. Erosion is more susceptible in basins with
high Rn values (Kabite & Gessesse, 2018; Sadhasivam et al., 2020).

3. Results

3.1 Watershed Delineation
One of the most common operations in hydrologic assessments is watershed delineation. Watersheds can be automatically calculated using GIS technology
employing digital elevation models (DEMs), which provide a good picture of the topography. Accurate watershed delineation is not an easy task for hilly areas
due to access to available resources like data, time and cost issues. In this study, SRTM (30m) and ASTER (30m) DEM data were used to de�ne the watershed
in the selected Karnaphuli River. Figure 4 represents the watershed delineation of the selected river and its catchment area. Where there is a visual difference
between the data sets, as ASTER has a larger watershed area than SRTM.

3.2 Morphometric Analysis:

3.2.1 Area
The total watershed is calculated for SRTM is 3060 sq. km and ASTER is 5401 sq.km (Table 2). So mathematically, ASTER represents a big catchment area
for the selected river basin.

3.2.2 Perimeter
The perimeter is the total length of the drainage basin boundary. According to Table 2 the perimeter is 125.27 km and 173.98 for SRTM and ASTER,
respectively.

3.2.3 Total Number of Stream of all Order and Stream Length
The values of total number of streams of all order for each watershed are shown in Table 2. The heights stream is found for ASTER 1236 and lowest for 677
for SRTM.

3.2.4 Stream Order
In a watershed, the drainage system is assessed based on the total length of the stream and the number of tributaries. The order of the stream or body of
water is a optimistic number used in geomorphology and hydrology to specify the branching level in the river system. Distinctions of topological arrangements
exist for rivers or stretches of rivers on the basis of their distance from the source ("top down") or con�uence, or from the mouth ("bottom up") of rivers and
their hierarchical location in the system of the river (Weishar et al., 2000). When DEM grid sizes are used for delineation, they have a signi�cant in�uence on
topographic representation and the hierarchy of stream networks. (Macarof & Statescu, 2017). Figure 5 gives the different watershed parameters for SRTM-
30m and ASTER 30m DEMs. One of the watershed factors that impacts the drainage network and slope is terrain morphology. With DEM resolution, the
�ndings demonstrate the difference in stream ordering and stream network. For both of the data sets, it is found that there are actually 1 to 6 orders of stream,
so there are so many small, medium and main channels of river. Stream order is most commonly used in general hydrological mapping. Stream order systems
are also necessary for the methodical charting of a river system, as they allow for explicit stream labelling and ordering.
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3.2.5 Stream Density
Drainage density is used to determine the degree of �uvial segmentation, which is in�uenced by a number of characteristics, including erosion resistance,
surface roughness, run-off intensity index, in�ltration capacity, vegetation cover, and meteorological conditions (Reddy et al., 2004). Here, Dd indicates the
intimacy of the spacing of channels. When there is a lot of precipitation, such as thunder showers, a lot of it runs off, resulting in additional surface drainage
lines. The degree of surface runoff and the drainage texture of a region are in�uenced by the quantity of vegetation and the rainwater absorption capacity of
soils. Semi-arid locations have a �ner texture than wet regions because to the identical lithology and geologic formations. According to (Reddy et al., 2004),
Low Dd is associated with thick vegetation, low relief, and highly resistant or permeable subsurface material. Weak or impermeable underlying material, scant
�ora, and hilly topography all contribute to high Dd. When Dd is high, the drainage texture is �ne but, when Dd is low, the drainage texture is coarse. Stream
density for SRTM 30m and ASTER 30m is presented in Figure 6. The climatic and physical factors of the drainage basin in�uence drainage density. The runoff
in a watershed is affected by underlying rock type and soil permeability (in�ltration di�culties); Increased surface water runoff and, as a result, more frequent
streams will come from impermeable land or exposed bedrock. If all other drainage basin factors are equal, rugged locations or those with high relief will have
a greater drainage density than other drainage basins. The in�ltration and permeability of a drainage basin, as well as the shape of the hydrograph, are
measured by drainage density. The drainage basin's climatic and physical characteristics have an impact on drainage density (Tucker et al., 2001; Tucker &
Bras, 1998).

Figure 6: Stream Density of SRTM-30m DEM

A high bifurcation ratio is connected with high drainage densities (Nautiyal, 1994; Nirmala et al., 2020; Waikar & Nilawar, 2014). According to the Table 2 the
value of drainage density is 0.523 and 0.518 for SRTM and ASTER, accordingly. Where �gure 6 is also established to get a mapping presentation of drainage
density.

3.2.6 Bifurcation ratio (Rb) of watersheds
The stream ordering of distinct watersheds is depicted in Table 2. The average value of the bifurcation ratio (Rb) can be determined by determining the
average value of the bifurcation ratio (Rb) for a given channel network. According to Table 2 the calculated values for the studied watersheds are 1.95 and
2.45 for SRTM and ATER, accordingly has a similarity with (D. Das, 2014). These values are most common in locations where geologic structure has little
effect on drainage patterns. A sharp peak would result from a rotund basin with a low bifurcation ratio, whereas a low but prolonged peak �ow would result
from an elongate basin with a high bifurcation ratio.
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Table 2
Morphometric results of Karnaphuli River Basin

Sl
No

Parameters SRTM Result ASTER Result

1 Area (km2) 3060 5401

2 Basin
Length
(Km) (Lb)

125.27 173.98

3 Perimeter
(Km) (P)

418 551

4 Stream
Order

6 6

5 No. of
streams in
each (Order
Nu)

I II III IV V VI I II III IV

    339 172 67 56 29 14 619 299 148 107

6 Total
Number of
Stream

677 1236

7 Stream
length for
each order
(Km) (Lu)

794.954697 451.604664 144.0426 116.5014 66.96763 28.62338 1413.573915 739.733403 287.042161 199

8 Total
Length of
Stream all
Order

1602.694379 2798.497998

9 Mean
Length of
Stream
(Lsm)

1.17423146 2.62560851 2.14989 2.080382 2.309229 2.044527 2.28364122 2.47402476 1.93947406 1.86

10 Stram
Length
Ratio (R1)

NA 0.56808855 0.318957 0.808798 0.574823 0.427421 NA 0.5233072 0.38803461 0.69

11 Bifurcation
Ration (Rb)

I/II II/III III/IV IV/V V/VI NA I/II II/III III/IV IV/V

    1.97093023 2.56716418 1.196429 1.931034 2.071429 NA 2.070234114 2.02027027 1.38317757 2.05

12 Mean
Bifurcation
Ration
(Rbm)

1.947397207 2.451729398

14 Mx-rel - Mn-
rel (m)

255 255

15 Drainage
density (D)
(km/km2)

0.523756333 0.518144417

16 Drainage
texture (Rt)

1.619617225 2.243194192

17 Stream
frequency
(Fs)

0.22124183 0.22884651

18 Elongation
ratio (Re)

0.498281886 0.476642006

19 Circularity
ratio (Rc)

0.220079577 0.223543736

20 In�ltration
number, If

0.11587681 0.118575542

21 Form factor
(Rf)

0.194996704 0.178433143

22 Total relief
(Km) (hm)

0.255 0.255
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Sl
No

Parameters SRTM Result ASTER Result

23 Relief ratio
(Rh)

0.002035603 0.001465686

24 Ruggedness
number
(Rn)

0.133557865 0.132126826

3.2.7 Stream Frequency (Fs)
For the four watersheds, the Fs values arise is 0.22 both for SRTM and ASTER dem (Table 2). According to (Pangali Sharma et al., 2021), the higher the stream
frequency and drainage density in a basin, the faster the runoff, and thus �oods is more likely.

3.2.8 Drainage Texture
Table 2 shows the T values for four different watersheds. The readings are fairly close to 1.61 and 2.24 for SRTM and ASTER. The texture is coarse for
drainage texture values of 4.0 and below; intermediate for Rt values of 4.0 to 10.0; �ne for Rt values of 10.0 and above; ultra�ne for drainage texture values of
15.0 and above (bad land topography) (Manjare et al., 2019). So, our study area falls in coarse texture.

3.2.9 Form Factor (Rf)
The Rf values for the four watersheds range from (Table 2). A basin with a low form factor experiences less heavy rainfall concurrently over its full area than a
basin with a large form factor. Forms factor varies from 0.20 and 0.18 for SRTM and ASTER DEM in the study area.

3.2.10 Ratio of Circularity (Rc)
The greater Rc, the more circular the sub-watersheds are, with high to medium relief and a structurally regulated drainage system, whereas the lower the Rc
value, the more elongated the shape. The Rc for watersheds is 0.220 and 0.223 for SRTM and ASTER dem. The sub-watersheds are nearly extended, with little
runoff �ow and high permeability of subsurface material.

3.2.11 Ratio of Elongation (Re)

Re varies between 0.50 and 0.48 for the four watersheds (Table 2). The elongation ratio, according to Strahler (1964), varies from 0.6 to 1.0 across a wide
range of climate and geology types. Closer to 1.0 indicates very little relief, whereas 0.6 to 0.8 indicates noteworthy relief and a steep ground slope. The Re
value of Karnaphuli river basin watershed is 0.47 (Table 2) the watershed has limited in�ltration capacity and considerable soil erosion due to heavy runoff,
indicating relatively high relief, steep slope, and elongated. (Rawat et al., 2021) is vulnerable to �oods.

3.2.12 In�ltration number (If)

The in�ltration number (If) is a crucial factor in determining the basin's in�ltration characteristics, and it is proportional to the basin's in�ltration capacity.
According to the analysis, the Karnaphuli watershed's in�ltration number is 0.11 (Table 2) signifying that the in�ltration capacity is relatively poor, resulting in
very momentous runoff, which causes downstream �ooding.

3.2.13 Basin Relief (H) and Relief Ratio (Rh)

Understanding the geomorphic process and landform characteristics requires a thorough understanding of basin relief. The basin relief was calculated using
the vertical separation between the basin's lowest and highest points. Relief has an inextricable relationship with other basin characteristics, and it has a
stronger impact on some indices of basin response, such as highest run-off rates as well as sediment delivery, than on others. Basin relief is a measurement
of a drainage basin's potential energy, and the higher the relief, the stronger the erosional forces operating on it. In this study, lower relief (0 m) and greater
relief (255 m) suggest negligible erosion. Figure 7 representing the Relative Relief in the study area. The relief ratio is the ratio of maximum relief to horizontal
distance along the basin's longest dimension parallel to the main drainage line. In general, the relief ratio rises as the drainage area and size of the watershed
in a given basin decrease. There is a robust link between the drainage basin's relief ratio and hydrological parameters (Singh et al., 2018). The highest relief
ratio indicates a steep slope with high relief, whereas the lowest relief ratio indicates a low slope with low relief. The study region has a relief ratio of 0.002
and 0.001. The relief ration value is relatively low, implying that sediment loss per unit area will be very minimal.

3.2.14 Ruggedness Number

According to (Strahler, 1968), roughness number is the product of the basin's relief and drainage density, when both parameters are in the similar unit. When
both factors are large and the slope is steep, the roughness number reaches an abnormally high value (Arulbalaji & Padmalal, 2020). The toughness value in
this research is 1.96. It means that peak discharges are anticipated to be higher than usual.

4. Discussion
Overall, several DEMs were compared in respect to watershed delineation and morphometric analysis in this work. The current study is unique in that it is the
�rst use of its kind in the study region, and it could be used to manage water resources.

The morphometric research found that, in terms of a number of criteria, for the most part, the values from the various DEMs did not differ signi�cantly and get
within a comparable range. However, the precision of the watershed delineation, on the other hand, is heavily dependent on the correctness and good quality
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of the supplied Digital Elevation Model (DEM). Field observations and topographic maps are examples of traditional approaches, as well as sophisticated
approaches such as remote sensing and DEMs, is used to delineate drainage networks. Using Remote Sensing and GIS, a systematic investigation of
morphometric parameters within the drainage network can give great value in understanding basin features (S. A. Ahmed et al., 2010) (S. A. Ahmed et al.,
2010). The watershed's drainage morphometric analysis offers information on the history of land surface processes and their formation, as well as the
watershed's hydrologic behavior (Aouragh & Essahlaoui, 2018; Arabameri et al., 2018; Rahmati et al., 2019).

In this study, SRTM-30m and ASTER-30m DEM data is used for de�ning watershed is Karnaphuli River. Where the watershed delineation found from those
data has a different boundary area, but the result of the drainage density found has a similarity for the case of both data. However, it can be stated from the
results that the SRTM has produced good results as the study area is in hilly region. It was discovered that there is no substantial impact of geological
features on drainage development in the study's watershed. The region is well fed by streams of up to 6 orders, indicating that the watershed generates
modest runoff. Similarly, the stream length �ndings indicate that there is unlikely to be an uplifting in the basin since the watershed area is solely dependent
on drainage features for water movement. As a result of the prolonged water circulation, the watershed is extremely active hydrologically (Luo & Harlin, 2003).
The watershed has homogeneous foundation lithology and is geologically stable, based on the geometric connection between stream order and stream
number. Similarly, stream length estimates indicate that there is unlikely to be any uplift in the basin since the watershed area is solely dependent on drainage
features for water movement. The study concludes that the studied region is permeable and appropriate for groundwater recharge and water gathering
buildings based on the various morphological factors evaluated. This information could aid in �ood management and watershed management. Yadav and
Indu (2016) employed a variety of DEMs as reference datasets in their investigation, including SRTM (30 m), ASTER (30 m), Cartosat-1 (30 m), and 1:250,000
topographic maps that are scaled. Over the basin, the SRTM DEM exhibited greater accuracy than other data sources. Thomas and Prasannakumar (2015)
employed SRTM DEM (90 m), ASTER DEM (30 m), and 1:50,000 scaled topography maps to derive drainage networks and devise morphometric parameters
for their research region. They discovered that drainage networks built from ASTER and SRTM DEMs produced �ndings that were consistent with
topographical maps. When contrasted to ASTER, however, SRTM (90 m) produced superior �ndings (30 m). Different study was conducted internationally
using the SRTM and ASTER DEM data but in most of the case their output goes for the SRTM DEM data in respect of accuracy (Forkuor & Maathuis, 2012;
Nikolakopoulos et al., 2006; Pryde et al., 2007).

This work will be extremely bene�cial to our country, as there has been no substantial research on the Karnaphuli River utilising DEM data. Policymakers will
have an easier time making decisions about this river, and river-related government and non-government organisations will be much more technical in
conserving this river's stream and �ow channel in order to enhance the river ecology and vegetation cover.

5. Conclusion
Many techniques linked to water resources management and �ood mitigation rely on morphometric analysis. With the progress of technology, digital elevation
models have become more widely utilised in geomorphological research, and have largely supplanted conventional topographic map-based approaches. This
is due to the simplicity with which the parameters may be obtained, used, and extracted. However, given the variety of DEM sources available, it is necessary to
select the best one for the study. With this goal in mind, the current study attempted to compare the several frequently used DEMs and determine which one is
optimal for morphometric parameters for a plain area computation. The results of this study illustration that remote sensing and geographic information
systems techniques are more effective for morphometric parameter computation and analysis. The morphometric investigation of the Karnaphuli River
watershed has revealed that the basin has a mixture of landforms comprising of high hilly regions and low-lying plains. The watershed's elongated shape was
shown by the form factor, circulation ratio, and elongation ratio data. The watershed's bifurcation ratio and stream numbers indicate that it is vulnerable to
unanticipated �ooding following heavy rains. The value of the mean bifurcation ratio speci�es that structural disturbances and geological features have no
effect on the watershed. The watershed is created by a permeable subsurface, and runoff is moderate, as evidenced by the low drainage density, stream
frequency, and in�ltration numbers. The low drainage density indicates an appropriate size for building water collecting facilities in streams. Because of the
high basin relief, relief ratio, and roughness number, peak discharge is expected to be larger, and sediment yield per unit area is low. In �ood control, soil
erosion evaluation, and water resource management, morphometric characteristics of watershed delineation such as drainage density, stream frequency, and
bifurcation ratio are critical for integrated decision making.

Karnaphuli watershed morphometric analysis provides useful facts and results for planning watershed development initiatives in the area. With the
Chittagong district on the verge of becoming a lowland area, this investigation and its �ndings will be critical in watershed management and development in
the studied area. Further study can be conducted with the participation of local people participation and application of ground level data on the Karnaphuli
River in Chittagong, Bangladesh.
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Figures

Figure 1

Location of Karnaphuli River in Chittagong, Bangladesh (Study Area)
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Figure 2

Methodology adopted for watershed delineation

Figure 3

Before �ll (up), After �ll (down)
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Figure 4

Watershed delineation using SRTM & ASTER DEM
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Figure 5

Stream Order 
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Figure 6

Stream Density of SRTM-30m DEM
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Figure 7

Relative Relief in then Study Area
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Figure 8

Ruggedness of the Study Area


