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Abstract - The present study based on morphometric analysis in the Sindphana River Basin was carried out for the delineation
of areas for the natural water resources and long-term sustainability in Shirur-Kasar Taluka of Beed district, Maharashtra,
India. The linear, areal, drainage and relief aspects were analyzed with the help of SRTM DEM data using Remote Sensing and
GIS techniques. The total basin length is 44.24 km, and 1078 km? is the total basin area of the Sindphana River Basin in Shirur-
Kasar Taluka. In the study area dendritic to sub-dendritic drainage patterns were observed with homogenous lithology and
maximum seventh-order stream networks. The mean bifurcation ratio is 4.51 which suggests the basin is not structurally
controlled. Water storage capacity in flat areas and runoff in steep areas are indicated by Rho values and mean stream length.
The elongation and circulatory ratio values are 0.472 and 0.62, respectively, which suggests the river basin has an elongated
shape and very fine drainage texture. The river basin area reveals that 2.26 km™ drainage density value which suggests a

moderate infiltration rate and is feasible for soil and water resource structures for further growth of groundwater. This study is

beneficial for delineating the water resource areas for the conservation and management of the basin.

Keywords - DEM, GIS, Morphometry, Sindphana River Basin, Shirur-Kasar.

1. Introduction

The scientific study of the chemical and physical
processes at or near the Earth's surface that develop into
topographic  features is termed  Geomorphology.
Understanding these processes and geomorphology helps in
understanding and identifying the features and changes in
topography. [1] The quantitative and qualitative
morphometric analysis measures the shape, size, and
geological and geomorphological features like mountains,
drainage patterns, faults and landforms. [2, 3] Using remote
sensing and GIS techniques, scientists can uncover important
information that might not be easily visible through
conventional qualitative observations. [4] A thorough
morphometric analysis of a basin clarifies how drainage
morphometry impacts landform, shape, size, the drainage
system's characteristics, and the Earth's surface topography. It
is also a vital tool for evaluating the dynamics of the basin. [5,
6] Recent advances in Remote Sensing and Geographical
Information System (GIS) technology have made it easier,
quicker, and more cost-effective to analyze stream networks
by allowing access to free Digital Elevation Model (DEM)
data. It is highly productive for morphometric studies. [7]
Well-known DEM sources are Advanced Space-borne
Thermal Emission and Reflection Radiometer (ASTER) and

Shuttle Radar Topographic Mission (SRTM). [8] However,
SRTM-SEM is more commonly used because of its greater
spatial resolution as compared to GDEM-ASTER, particularly
at the basin scale.

In GIS software, hydrology tool processes were used to
determine the basin area, stream network and drainage
patterns using DEM data. [9] These extracted morphometric
parameters are used to measure mathematical and geometric
values using geospatial technology. [10]. Basin length, basin
area, stream order, stream length, bifurcation ratio, elongation
ratio, and basin relief are key parameters analyzed through
GIS software. Extensive morphometric studies of drainage
basins have been performed globally using SRTM-DEM and
GIS software, addressing a spectrum of environmental,
climatic, geologic and hydrologic conditions. [11]
Morphometric analysis is carried out efficiently by assessing
various parameters, including linear, areal, drainage, and
relief. [12,13,14] In the present study, morphometric
parameters were analyzed with the help of GIS and remote
sensing techniques in the Sindphana River Basin in Shirur-
Kasar Taluka of Beed district, Maharashtra, India, for
delineating water resource areas for conservation and
management of the basin.
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2. Study Area

The Sindphana River Basin in Shirur-Kasar Taluka, Beed
District, Maharashtra State. The area spans approximately
75°10'00" E to 75°36'00" E and 19°13'00" N to 18°52'00" N,
covering 1078 km? area. The river originates from ~890m
above Mean Sea Level (MSL) in the Balaghat ranges.
Balaghat Range in Beed District is one of the eastward
extensions of the Sahyadri Mountain Ranges. The overall flow
trend of the river is east-flowing, but in Shirur-Kasar, it first
flows northward, and then it takes a right turn towards the
East, where the river is joined by its tributary Sina River.
Sindphana River is the right tributary of the Godavari River.

The study area is classified under the semi-arid region; hence,
the river has seasonal flow and it is mostly dry in the summer.
[15] Geologically, the Sindphana River Basin area is covered
by Upper Cretaceous to Lower Eocene aged Deccan Basalt or
Deccan Trap. [16] The study area mainly contains Vesicular
and Massive Basalt, which provide a multi-layered aquifer
system. The water-bearing capacity of the Massive Basalt
depends on the joints and fractures present in the strata, which
are secondary as the Massive Basalt has no primary porosity
and depends on the weathering depth. [17. 18] The water-
bearing capacity of the Vesicular Basalt relies on the
interconnectivity of the vesicles present in it. [19]
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Fig. 1 Location map of the study area

3. Materials and Methods

SRTM 1 Arc-second global data with 30m resolution was
used to conduct drainage basin Morphometry, available at the
USGS website (https://earthexplorer.usgs.gov). Using the
ArcGIS 10.8 software, a DEM map was created. A stream
drainage network was extracted in ArcGIS 10.8 using
Hydrology tools in the Arc Tool Box. In Figure 3 detailed

methodology for drainage extraction processes such as fill,
flow direction, flow accumulation, stream order, and stream
feature is shown. Using standard formulae, a quantitative
morphometric analysis was performed to determine various
parameters, including linear, areal, drainage, and relief
matrices (Table 3). The location map, Digital Elevation Map
(DEM), and drainage map are prepared using Arc-GIS 10.8
software.
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Fig. 2 Digital Elevation Model (DEM) of the Sindphana River Basin in Shirur-Kasar

Fig. 3 Flow chart for extraction of stream network
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4. Results and Discussion

The morphometric parameters of a watershed provide
information about climate, local geological formation,
structural activities and land degradation. These parameters
reveal the watershed's hydrological features and are classified
into four categories: i) linear parameters, ii) areal parameters,
iii) drainage texture analysis, and iv) relief characterization.

4.1. Liner Parameters

Linear parameters, namely Stream Order (U), Stream
Number (Ny), Stream Length (L), Mean Stream Length (Lum),
Stream Length Ratio (L), Bifurcation Ratio (Rp), Mean
Bifurcation Ratio (Rpm) and Rho Coefficient (p). The results
of these parameters are given in Table 2.

4.1.1. Stream Order (U) and Stream Number (Ny)

Horton (1932) introduced stream ordering, which was
further developed by Strahler (1952). Stream order is
determined by hierarchical rank and its position compared to
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other streams. [20] The two first-order streams meet each
other, form a second-order stream and so on for the higher-
order streams by Strahler classification. A higher-order
stream, when joined by a lower-order stream, follows the
order of the higher-order stream. The study area indicates
5288 first-order streams, 680 second-order streams, 146 third-
order streams, 30 fourth-order streams, 7 fifth-order streams,
2 sixth-order streams and 1 seventh-order stream.

Table 1. Stream order and stream number

Sr. No. Stream Order Stream Number
1 | 5288
2 I 680
3 1l 146
4 v 90
5 Vv 7
6 VI 2
7 VIl 1
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Fig. 4 Drainage network map of Sindphana River Basin in Shirur-Kasar

4.1.2. Stream Length (L.)

The Sindphana River Basin in Shirur-Kasar Taluka has a
total stream length of ~2430.473 km. The sum of first-order
streams is ~1204.999 km, second-order at ~620.89 km, third-
order at ~320.061 km, fourth-order at ~167.574km, fifth-order
at ~71.63 km, sixth-order at ~40..193 km and seventh-order at

~13.122 km. The bedrock with low porosity produces a very
high number of streams having short lengths and bedrock with
relatively higher porosity has less number of streams with
comparatively longer lengths. [21] Stream Length was
calculated using the ArcGIS software.
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4.1.3. Mean Steam Length (Lsm)

To calculate the Mean Stream Length (Lsm), the total
length of the stream (L.) is divided by the total number of
streams (N,). In the study area, Lsm values range from 0.227
km to 20.096 km, and the mean stream is 348.353 km.

4.1.4. Stream Length Ratio (Lur)

Horton (1945) stated that the ratio between the mean
stream length of an order of stream to the next mean stream
length of the lower order of the stream is called as Stream
Length Ratio (L.). Change in the stream length ratio from one
order to another represents the youth stage. The Stream length
ratio values of the study area vary from 0.33 to 0.56, with 0.48
as the mean stream length ratio.

4.1.5. Bifurcation Ratio (Ry) and Mean Bifurcation Ratio (Rom)

Horton (1945) stated Bifurcation ratio is a measure of
relief and dissection. Strahler (1957) suggested that distinct
regions in various conditions show relatively minor
differences in the Bifurcation ratio.

If the Bifurcation ratio exceeds 5, it shows structural
control and vice versa. [22] If the Bifurcation ratio varies from
3to 5, it shows a negligible impact of structural control on the
drainage basin. [23] The mean Bifurcation ratio of 4.51 of the
Sindphana River Basin in Shirur-Kasar Taluka indicates
negligible structural control on the branching pattern. [24]
However, the bifurcation values are higher in lower-order
streams, a product of accelerated erosion in the corresponding
area. [25]

4.1.6. Rho Coefficient (p)

The Rho coefficient values indicate the relation between
drainage density and physiographic development with the
evaluation of drainage network and basin storage capacity.
[26] The Rho coefficient value of 0.106 indicates weak
hydrological storage during flood conditions. The rho
coefficient is influenced by Geomorphological, Climatic,
Geological and Anthropogenic factors. [27]

4.2. Areal Parameters

Areal parameters include Basin Perimeter (P), Basin Area
(A), Basin Length (L), Mean Basin Width (W), Lemniscate
(K) and form factor (Rs). The calculated values are given in
the Table 3.

4.2.1. Basin Perimeter (P)

The perimeter line of a watershed is generally considered
as the divide between watersheds—the perimeter value
measured in ArcGIS 10.8 software, i.e., 148 km of the study
area.

4.2.2. Basin Area (A)

The Basin Area is the total area bounded by the perimeter
boundary. The Basin Area value measured in ArcGIS 10.8
software i.e., 1078 sg. km of the Sindphana River Basin in
Shirur-Kasar Taluka.

4.2.3. Basin Length (Ly)

The basin length (Lb) was calculated in ArcGIS 10.8 at a
value of 44.24 km of the study area as the longest dimension
of the basin aligned parallel to the mainstream. [37]

4.2.4. Mean Basin Width (Wy)
The Mean Basin Width (Whb) of the Sindphana River
Basin was calculated in ArcGIS 10.8 at a value of 24.37 km.

4.2.5. Lemniscate (K)

Lemniscate of the Sindphana River basin in Shirur-
Kasar Taluka is calculated to be 1.81 using ArcGIS-10.8
software, which suggests that the basin is elongated. The value
increases proportionally with the increasing difference
between the length and width of the basin. [28]

4.2.6. Form Factor (Rf)

The Form Factor (Rf) value of 0.55 of the Sindphana
River Basin in Shirur-Kasar Taluka suggests the oval shape of
the basin, and it takes a medium time for the medium peak
flow. [29] A high Form Factor value indicates high surface
runoff in a short duration of time. [30]

4.3. Drainage Texture Analysis

Drainage Texture Analysis includes Drainage Density
(Dg), Drainage Texture (Dy), Stream Frequency (Fs),
Circulatory Ratio (R¢), Constant of Channel Maintenance ©
and Infiltration Number (If). The calculated values are given
below in the Table 3.

4.3.1. Drainage Density (Dg)

The calculated drainage density of the Sindphana River
Basin in Shirur-Kasar Taluka is 2.26, which suggests
moderate drainage density. Basin is categorized into 4 classes
based on drainage density, namely low (<2), moderate (2-4),
high (4-6) and very high (>6). [33] The total length of all the
streams divided by the total basin area gives Drainage Density
[30] and it reflects the concentration and proximity of
channels in the region. [31]

Mountainous region with significant precipitation and
varied terrain has high drainage density, which signifies a
well-developed and dense network of streams. A less
developed and sparser stream network, commonly seen in arid
or flat regions, signifies low drainage density. [32] High
drainage density produces fine drainage texture, whereas low
drainage density produces coarse drainage texture.

4.3.2. Drainage Texture (D)

The calculated drainage texture of the Sindphana River
Basin in Shirur-Kasar is 41.6, which suggests a very fine
drainage texture. Basin is categorized into 5 classes based on
drainage texture, namely very coarse (<2), coarse (2-4),
moderate (4-6), fine (6-8) and very fine (>8). Drainage texture
is influenced by the terrain's relief, water capacity and
lithology. [34]
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Table. 2 Linear morphometric parameters of Sindphana River in Shirur-Kasar Taluka

Minimum Maximum Mean Total length Stream . .
Stream No. of I h of th length of the stream of the stream length Blfurcgtlon
Order Streams ength of the g length g ratio
stream (km) stream (km) (km) (km) ratio
I 5288 0.021 2.486 0.227 1204.999 - 7.78
1 680 0.021 2.781 0.913 620.894 0.52 4.66
11 146 0.03 10.87 2.192 320.061 0.511 4.87
v 30 0.03 15.139 5.585 167.574 0.52 4.28
V 07 3.51 17.636 10.232 71.63 0.43 3.5
VI 02 11.955 28.238 20.096 40.193 0.56 2
VIl 01 13.122 13.122 13.122 13.122 0.33 -
Total 6154 - - 2438.473 2.87 27.09
Mean - - - 348.353 0.48 4.515
Table 3. List of formulae used to calculate morphometric parameters
Morphometric Parameters References Formulae Results
Stream order (U) Strahler (1964) Hierarchical rank - Vil
Stream Number (Nu) Horton (1945) Nu = N1+N2+...+Nn 6154
& Stream length (Lu) Horton (1945) Using ArcGIS Software 2438.473 km
é Mean stream length (Lsm) Strahler (1964) Lsm = Lu/Nu 0.227-20.096
S km
Cc:s Stream length ratio (Lur) Horton (1945) Lur=Lu/Lu-1 0.33-0.52
= Bifurcation ratio (Rb) Schumm Rb = Nu/Nu+1 2-4.66
@ (1956)
- Mean bifurcation ratio (Rbm) | Strahler (1957) Rbm = Average of Rb of all 451
order
Rho Coefficient (p) Horton (1945) p=Lur/Rb 0.106
» Area (A) - - 1078 sg. km
% Perimeter (P) - - 148 km
% Basin length (Lb) - - 44.24 kKm
= Mean basin width (Wb) Horton (1932) Wb=A/Lb 24.37 km
% Lemniscate's (k) Chorley k=Lb%/A 1.81
o (1957)
< Form factor ratio (Rf) Horton (1932) Rf=A/Lb? 0.55
Drainage density (Dd) Horton (1932) Dd = Lu/A 2.26
o Drainage texture (Dt) Horton (1945) Dt=Nu/P 41.6
2 Stream frequency (Fs) Horton (1932) Fs=Nu/A 5.71
E é Circularity ratio (Rc) Miller (1953) Rc=1257* (A/P? 0.62
o3 Elongation Ratio (Re) Schumm Re=2(VA/r)/Lb 0.472
£ 2 (1956)
‘s Constant of channel Schumm C=1/Dd 0.44
a maintenance (C) (1956)
Infiltration number (If) Faniran (1968) If =Fs* Dd 12.90
c Maximum height of the basin - GIS analysis / DEM 890 m
S (2)
5 Height of basin mouth (2) - GIS analysis / DEM 488 m
% Total basin relief (H) Strahler (1952) H=Z-z2 402 m
© Absolute relief - GIS analysis / DEM 890 m
8 Relief ratio (Rh) Schumm Rh=H/Lb 9.09
o (1956)
% Dissection index (Dis) Singh (1994) Dis=H/Ra 0.45
@x Ruggedness Number (Rn) Strahler (1968) Rn =Dd * (H/1000) 0.91
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4.3.3. Stream Frequency (Fs)

The stream frequency of the Sindphana River basin in
Shirur-Kasar Taluka is calculated at 5.71. Horton (1932, 1945)
derived stream frequency as the total number of streams
divided by the total area of the basin. Stream frequency and
drainage density are proportional to each other.

4.3.4. Circulatory Ratio (R¢)

The circulatory ratio compares the area of the circle with
the same perimeter as the basin. [29, 35] A value 1 of the
circulatory ratio suggests the basin is perfectly circular, and a
value of the ratio below 1 suggests irregularity in the basin
shape. [36] If the R. value approaches 0, then the complexity
of the basin increases with a more elongated nature.

The circulatory ratio value of the study area is 0.62, which
suggests that the basin is more or less elongated. The R value
is influenced by topography, lithological changes, climatic
conditions, land cover changes and the slope of the basin.

4.3.5. Elongation ratio (Re)

Schumm (1956) classified the basin into 4 classes based
on Re values, i.e., elongated (<0.7), less elongated (0.8-0.7),
oval (0.9-0.8) and circular (>0.9). [37] The study area shows
a0.472 R, value, suggesting the shape of the basin is elongated

4.3.6. Constant of Channel Maintenance (C)

The constant channel maintenance value for the
Sindphana River Basin in Shirur-Kasar is 0.44, which
indicates a moderate slope, moderate surface run-off, and
moderate to high permeability. The higher C values suggest
increased rock permeability, while lower C values suggest
reduced rock permeability. [31]

4.3.7. Infiltration Number (I5)

The Infiltration Number (If) value of 12.90 suggests the
moderate rate of water absorption by the rock strata, which
results in moderate surface run-off.

4.4. Relief Characterization

The relief parameters are: Maximum height of the Basin
(2), Height of basin mouth (z), Total basin relief (H), Absolute
relief, Relief ratio (Rh), Dissection index (Dis), and
Ruggedness Number (Rn). The Z value of a maximum of
890m and z value of a minimum of 488m above MSL is
observed within the study area. The H value is observed to be
402 m using DEM Data in ArcGIS 10.8 software.

4.4.1. Relief Ratio (Rh)

The Rh value of the study area is 9.09, which indicates
the high elevation difference relative to its horizontal extent.
The slope of the gradient, basement rock types, area of the
drainage and overall size of the basin are determined based on
the relief ratio value. [38] The steepness and potential for
erosion of the drainage basin are derived from the Rh value of
the basin. [37]

4.4.2. Dissection Index (Dis)

Itis used to evaluate the development stages of the terrain
in the physiographic region of the basin. [39] Typically, the
dissection index values range from '0' (indicating no vertical
dissection or erosion, and thus a flat surface) to '1'
(representing areas with significant vertical features such as
escarpments on hill slopes or seashores. [40,41 ] The Dis of
the Sindphana River Basin in Shirur-Kasar Taluka is 0.45, this
indicates the basin is moderately dissected.

4.4.3. Ruggedness Number (Ry)

Strahler (1958) calculates the R, values as the product of
drainage density and relief of the basin. It highlights the
terrain's structural complexity and denudation characteristics.
A high Rn value signifies greater structural dominance and a
higher likelihood of erosion, while a low R, value suggests a
lower susceptibility to erosion. The Ruggedness number is
calculated at 0.91.

5. Conclusion

Sindphana River is a major tributary of the Godavari
River, which originates in the Balaghat Range, the eastern
extension of the Sahyadri ranges. Sindphana River basin
occupies about 1078 sq. km area with 148 km perimeter and
44.24 km basin length of the major stream is elongated shaped.
A dendritic drainage pattern composed of 6154 streams with
5288 | order streams, 680 Il order streams, 146 Il order
streams, 30 IV order streams, 07 V order streams, 02 VI order
streams and 01 VII order streams.

The Sindphana River basin in Shirur-Kasar Taluka is
classified as the VII order basin. The length of higher-order
streams is less than the lower-order streams. The Rpm Value of
the present study is 4.51 which suggests the basin is less
structurally controlled and does not control the drainage
pattern. The texture ratio of the basin is very fine. The
elongation ratio and circulatory ratio indicate the slight
elongation of the basin.

The Rho values and mean stream length value of the study
area suggest runoff in steep areas and water storage capacity.
The Constant Channel Maintenance and the Infiltration ratio
values suggest that the given basin has moderate surface
runoff. The Ruggedness Number value of the present study
suggests the slope is moderate and the presence of hard
resistance rock.

The Dissection Index value indicates that the basin is
moderately dissected. The Relief ratio suggests a moderate to
high elevation difference relative to its horizontal extent.

Runoff in steep areas and water storage capacity are
indicated by mean stream length and Rho values. This study
is beneficial for delineating the water resource areas for the
conservation and management of the basin.



Pawal S. Setal. / 1JGGS, 11(3), 1-9, 2024

Funding Statement

The author, S. S. Pawal, is thankful to Chhatrapati Shahu
Maharaj Research, Training and Human Development
Institute (SARTHI), Pune (An Autonomous Institute of the
Government of Maharashtra) for the financial assistance in the

Acknowledgements

The authors are also thankful to the Head, Department of
Geology, Deogiri College, Chhatrapati Sambhajinagar
(Aurangabad), for providing the necessary facilities for this
research.

form of CSMNRF-2022 during his PhD.

References

[1] Padala Raja Shekar, and Aneesh Mathew, “Morphometric Analysis of Watersheds: A Comprehensive Review of Data Sources, Quality,
and Geospatial Techniques,” Watershed Ecology and The Environment, vol. 6, pp. 13-25, 2024. [CrossRef] [Google Scholar] [Publisher
Link]

[2] Ananda Krishnan, and S. Arjun, “Morphometric Analysis in the Sub-Basins of the Kali River Using Geographic Information System,
Karnataka, India,” Geomatica, vol. 76, no. 2, pp. 1-9, 2024. [CrossRef] [Google Scholar] [Publisher Link]

[3] K. Prakash et al., “Morphometric Analysis Using SRTM and GIS in Synergy with Depiction: A Case Study of the Karmanasa River basin,
North Central India,” Applied Water Science, vol. 9, 2019. [CrossRef] [Google Scholar] [Publisher Link]

[4] C.S. Agarwal, “Study of Drainage Pattern through Aerial Data in Naugarh Area of Varanasi District, U.P.,” Journal of the Indian Society
of Remote Sensing, vol. 26, pp. 169-175, 1998. [CrossRef] [Google Scholar] [Publisher Link]

[5] J.K.Pati, V.P. Malviya, and K. Prakash, “Basement Reactivation and Its Relation to Neotectonic Activity in and Around Allahabad, Ganga
Plain,” Journal of the Indian Society of Remote Sensing, vol. 34, pp. 47-56, 2006. [CrossRef] [Google Scholar] [Publisher Link]

[6] K. Prakash et al., “Drainage Morphometry of the Dhasan River Basin, Bundelkhand Craton, Central India Using Remote Sensing and GIS
Techniques,” Journal of Geomatics, vol. 10, no. 2, pp. 122-132, 2016. [Google Scholar]

[7] Praveen Kumar Rai et al., “Hydrological Inferences through Morphometric Analysis of Lower Kosi River Basin of India for Water
Resource Management based on Remote Sensing Data,” Applied Water Science, vol. 8, pp. 1-16, 2018. [CrossRef] [Google Scholar]
[Publisher Link]

[8] Jobin Thomas, and V. Prasannakumar, “Comparison of Basin Morphometry Derived from Topographic Maps, ASTER and SRTM DEMs:
An Example from Kerala, India,” Geocarto International, vol. 30, no. 3, pp. 346-364, 2015. [CrossRef] [Google Scholar] [Publisher Link]

[9] Alemsha Bogale, “Morphometric Analysis of a Drainage Basin Using Geographical Information System in Gilgel Abay Watershed, Lake
Tana Basin, Upper Blue Nile Basin, Ethiopia,” Applied Water Science, vol. 11, pp. 1-7, 2021. [CrossRef] [Google Scholar] [Publisher
Link]

[10] M. Rajasekhar, G. Sudarsana Raju, and R. Siddi Raju, “Morphometric Analysis of the Jilledubanderu River Basin, Anantapur district,
Andhra Pradesh, India, Using Geospatial Technologies,” Groundwater for Sustainable Development, vol. 11, 2020. [CrossRef] [Google
Scholar] [Publisher Link]

[11] Avijit Mahala, “The Significance of Morphometric Analysis to Understand the Hydrological and Morphological Characteristics in Two
Different Morpho-Climatic Settings,” Applied Water Science, vol. 10, pp. 1-16, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[12] N.S. Magesh et al., “GIS-based Morphometric Evaluation of Chimmini and Mupily Watersheds, Parts of Western Ghats, Thrissur District,
Kerala, India,” Earth Science Informatics, vol. 5, pp. 111-121, 2012. [CrossRef] [Google Scholar] [Publisher Link]

[13] S.K. Nag, and Surajit Chakraborty, “Influence of Rock Types and Structures in the Development of Drainage Network in Hard Rock
Area,” Journal of the Indian Society of Remote Sensing, vol. 31, pp. 25-35, 2003. [CrossRef] [Google Scholar] [Publisher Link]

[14] M.D. Nautiyal, “Morphometric Analysis of Drainage Basin using Aerial Photographs: A Case Study of Khairkuli Basin, District
Dehradun, U.P.,” Journal of Indian Society of Remote Sensing, vol. 22, pp. 251-261, 1994. [CrossRef] [Google Scholar] [Publisher Link]

[15] Central Groundwater Board, Ministry of Jal Shakti, Department of Water Resources, River Development and Ganga Rejuvenation.
[Online]. Available: https://cgwb.gov.in/

[16] G.G. Deshpande, Geology of Maharashtra, Published by the Geological Society of India, Bangalore, pp. 156- 157, 2012.

[17] A.V. Tejankar, and Rohan K. Pathrikar, “Application of Remote Sensing & GIS Techniques for Comprehensive Geological &
Geohydrological Study of GP-16 Watershed of Aurangabad District, Maharashtra,” Journal of Emerging Technologies and Innovative
Research, vol. 5, no. 11, pp. 353-361, 2018. [Google Scholar] [Publisher Link]

[18] A.V. Tejankar, and Rohan K. Pathrikar, “An Integrated Study on the Geology & Geohydrology for suitable Prerequisite of Artificial
recharge in Bhordi Basin of Jalna District, Maharashtra,” International Journal for Research in Applied Science & Engineering
Technology, vol. 6, no. 10, pp. 786-793, 2018. [Google Scholar]

[19] Mohan A. Sonar et al., “Morphometric, Hypsometric and Hydrogeomorphic Investigation in the Region of Painganga River Basin in
Buldhana District, Maharashtra, India, Using Remote Sensing & GIS Techniques,” Journal of Geomatics, vol. 15, no. 2, pp. 174-188,
2021. [Google Scholar]

[20] Luna B. Leopold, M. Gordon Wolman, and John P. Miller, Fluvial Processes in Geomorphology, Dover Publications, 1964. [Google
Scholar] [Publisher Link]


https://doi.org/10.1016/j.wsee.2023.12.001
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+of+Watersheds%3A+A+comprehensive+review+of+data+sources%2C+quality%2C+and+geospatial+techniques&btnG=
https://www.sciencedirect.com/science/article/pii/S258947142300030X
https://www.sciencedirect.com/science/article/pii/S258947142300030X
https://doi.org/10.1016/j.geomat.2024.100013
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+in+the+sub-basins+of+the+Kali+River+using+Geographic+Information+System%2C+Karnataka%2C+India&btnG=
https://www.sciencedirect.com/science/article/pii/S1195103624000132
https://doi.org/10.1007/s13201-018-0887-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+using+SRTM+and+GIS+in+synergy+with+depiction%3A+a+case+study+of+the+Karmanasa+River+basin%2C+North+Central+India&btnG=
https://link.springer.com/article/10.1007/s13201-018-0887-3
https://doi.org/10.1007/BF02990795
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Study+of+drainage+pattern+through+aerial+data+in+Naugarh+area+of+Varanasi+District%2C+U.P&btnG=
https://link.springer.com/article/10.1007/bf02990795
https://doi.org/10.1007/BF02990746
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Basement+reactivation+and+its+relation+to+neotectonic+activity+in+and+around+Allahabad%2C+Ganga+plain&btnG=
https://link.springer.com/article/10.1007/BF02990746
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Drainage+morphometry+of+the+Dhasan+river+basin%2C+Bundelkhand+craton%2C+central+India+using+remote+sensing+and+GIS+techniques&btnG=
https://doi.org/10.1007/s13201-018-0660-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hydrological+inferences+through+morphometric+analysis+of+lower+Kosi+river+basin+of+India+for+water+resource+management+based+on+remote+sensing+data&btnG=
https://link.springer.com/article/10.1007/s13201-018-0660-7
https://doi.org/10.1080/10106049.2014.955063
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Comparison+of+basin+morphometry+derived+from+topographic+maps%2C+ASTER+and+SRTM+DEMs%3A+an+example+from+Kerala%2C+India&btnG=
https://www.tandfonline.com/doi/abs/10.1080/10106049.2014.955063
https://doi.org/10.1007/s13201-021-01447-9
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+of+a+drainage+basin+using+geographical+information+system+in+Gilgel+Abay+watershed%2C+lake+Tana+basin%2C+Upper+Blue+Nile+basin%2C+Ethiopia&btnG=
https://link.springer.com/article/10.1007/s13201-021-01447-9
https://link.springer.com/article/10.1007/s13201-021-01447-9
https://doi.org/10.1016/j.gsd.2020.100434
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+of+the+Jilledubanderu+River+Basin%2C+Anantapur+district%2C+Andhra+Pradesh%2C+India%2C+using+geospatial+technologies&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+of+the+Jilledubanderu+River+Basin%2C+Anantapur+district%2C+Andhra+Pradesh%2C+India%2C+using+geospatial+technologies&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2352801X18301309
https://doi.org/10.1007/s13201-019-1118-2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+significance+of+morphometric+analysis+to+understand+the+hydrological+and+morphological+characteristics+in+two+different+morpho-climatic+settings&btnG=
https://link.springer.com/article/10.1007/s13201-019-1118-2??utm_source=other_website&error=cookies_not_supported&code=3a896c40-5bcf-4003-98db-609ba7bbcf72
https://doi.org/10.1007/s12145-012-0101-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=GIS-based+Morphometric+Evaluation+of+Chimmini+and+Mupily+Watersheds%2C+Parts+of+Western+Ghats%2C+Thrissur+District%2C+Kerala%2C+India&btnG=
https://link.springer.com/article/10.1007/s12145-012-0101-3
https://doi.org/10.1007/BF03030749
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Influence+of+rock+types+and+structures+in+the+development+of+drainage+network+in+hard+rock+area&btnG=
https://link.springer.com/article/10.1007/bf03030749
https://doi.org/10.1007/BF03026526
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+of+drainage+basin+using+aerial+photographs%3A+A+case+study+of+Khairkuli+basin%2C+district+Dehradun%2C+U.P&btnG=
https://link.springer.com/article/10.1007/BF03026526
https://cgwb.gov.in/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Application+of+Remote+Sensing+%26+GIS+Techniques+for+Comprehensive+Geological+%26+Geohydrological+Study+of+GP-16+Watershed+of+Aurangabad+District%2C+Maharashtra&btnG=
https://www.jetir.org/papers/JETIR1811047.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+Integrated+Study+on+the+Geology+%26+Geohydrology+for+suitable+Prerequisite+of+Artificial+recharge+in+Bhordi+Basin+of+Jalna+District%2C+Maharashtra&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric%2C+Hypsometric+and+Hydrogeomorphic+Investigation+in+the+Region+of+Painganga+River+Basin+in+Buldhana+District%2C+Maharashtra%2C+India%2C+Using+Remote+Sensing+%26+GIS+Techniques&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fluvial+Processes+in+Geomorphology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Fluvial+Processes+in+Geomorphology&btnG=
https://books.google.co.in/books?hl=en&lr=&id=vnb2DwAAQBAJ&oi=fnd&pg=PA3&dq=Fluvial+Processes+in+Geomorphology&ots=znRVUHuobe&sig=2i1cfVSzSMTsiLlr-shUiIVvff4&redir_esc=y#v=onepage&q=Fluvial%20Processes%20in%20Geomorphology&f=false

Pawal S. Setal. / 1JGGS, 11(3), 1-9, 2024

[21] M. Sreelakshmy, M. Dhanusree, and V. Thangamani, “Application of GIS Techniques to Understand the Geomorphometric Characteristics
of a Tropical Watershed in South India,” Geology, Ecology, and Landscapes, vol. 7, no. 2, pp. 161-173, 2023. [CrossRef] [Google Scholar]
[Publisher Link]

[22] Arthur N. Strahler, “Quantitative Geomorphology of Drainage Basins and Channel Networks,” Handbook of Applied Hydrology, 1964.
[Google Scholar]

[23] Md. Sharafat Chowdhury, “Morphometric Analysis of Halda River Basin, Bangladesh, Using GIS and Remote Sensing Techniques,”
Heliyon, vol. 10, no. 7, pp. 1-20, 2024. [CrossRef] [Google Scholar] [Publisher Link]

[24] Rafig Ahmad Hajam, Aadil Hamid, and SamiUllah Bhat, “Application of Morphometric Analysis for Geo-Hydrological Studies Using
Geo-Spatial Technology-A Case Study of Vishav Drainage Basin,” Hydrology Current Research, vol. 4, no. 3, pp. 1-12, 2013. [CrossRef]
[Google Scholar] [Publisher Link]

[25] H. Verstappen, “Applied Geomorphology—Geomorphological Surveys for Environmental Development,” Elsevier, New York, pp. 57-83,
1983.

[26] Robert E. Horton, “Erosional Development of Streams and Their Drainage Basins: Hydrophysical Approach to Quantitative Morphology,”
Bulletin of the Geological Society of America, vol. 56, no. 3, pp. 275-370, 1945. [CrossRef] [Google Scholar] [Publisher Link]

[27] P. Prabu, and R. Baskaran, “Drainage Morphometry of Upper Vaigai River Sub-basin, Western Ghats, South India Using Remote Sensing
and GIS,” Journal of Geological Society of India, vol. 82, pp. 519-528, 2013. [CrossRef] [Google Scholar] [Publisher Link]

[28] Richard J. Chorley, Donald E.G. Malm, and Henry A. Pogorzelski, “A New Standard for Estimating Drainage Basin Shape,” American
Journal of Science, vol. 255, no. 2, 1957. [CrossRef] [Google Scholar] [Publisher Link]

[29] V.C. Miller, A Quantitative Geomorphic Study of Drainage Basin Characteristics in the Clinch Mountain Area, Virginia and Tennessee,
vol. 3, Columbia University, New York, 1953.

[30] Robert E. Horton, “Drainage-basin Characteristics,” Transactions, American Geophysical Union, vol. 13, no. 1, pp. 350-361, 1932.
[CrossRef] [Google Scholar] [Publisher Link]

[31] S. Singh et al., “Drainage Network Characteristics of the Ghaghghar River Basin (GRB), Son Valley, India,” Geology, Ecology and
Landscapes, vol. 3, no. 3, pp. 159-167, 2019. [CrossRef] [Google Scholar] [Publisher Link]

[32] Sumit Das, and Sudhakar D. Pardeshi, “Morphometric Analysis of Vaitarna and Ulhas River Basins, Maharashtra, India: Using Geospatial
Techniques,” Applied Water Science, vol. 8, pp. 1-11, 2018. [CrossRef] [Google Scholar] [Publisher Link]

[33] P.P. Choudhari et al., “Morphometric-based Prioritization of Watershed for Groundwater Potential of Mula River Basin, Maharashtra,
India,” Geology, Ecology and Landscapes, vol. 2, no. 4, pp. 256-267, 2018. [CrossRef] [Google Scholar] [Publisher Link]

[34] Ajay Pratap Singh, Ajay Kumar Arya, and Dhruv Sen Singh, “Morphometric Analysis of Ghaghara River Basin, India, Using SRTM Data
and GIS,” Journal of Geological Society of India, vol. 95, pp. 169- 178, 2020. [CrossRef] [Google Scholar] [Publisher Link]

[35] Flawiya More et al., “Integrating Remote Sensing and GIS for Quantitative Analysis of Nag River Basin, Maharashtra, India,”
International Research Journal of Earth Sciences, vol. 12, no. 1, pp. 1-10, 2024. [Google Scholar] [Publisher Link]

[36] S. Singh et al., “Drainage Basin Parameters of Bagh River, A Sub-Basin of Narmada River, Central India: Analysis and Implications,”
Journal of Applied Geochemistry, vol. 20, no. 1, pp. 91-102, 2018. [Google Scholar] [Publisher Link]

[37] Stanley A. Schumm, “Evolution of Drainage Systems and Slopes in Badlands at Perth Ambos, New Jersey,” Bulletin of the Geological
Society of America, vol. 67, no. 5, pp. 597-646, 1956. [CrossRef] [Google Scholar] [Publisher Link]

[38] Louis C. Gottschalk, Reservoir Sedimentation in Handbook of Applied Hydrology, McGraw Hill Book Company, New York, 1964.
[Google Scholar]

[39] Savindra Singh, and Alok Dubey, Geoenvironmental Planning of Watersheds in India, Chugh, pp. 1-211, 1994. [Google Scholar]
[Publisher Link]

[40] Pareta Kuldeep, and Pareta Upasana, “Quantitative Morphometric Analysis of a Watershed of Yamuna Basin, India Using ASTER (DEM)
Data and GIS,” International Journal of Geomatics and Geosciences, vol. 2, no. 1, pp. 248-269, 2011. [Google Scholar] [Publisher Link]

[41] Sandip K. Sirsat, Mohan A. Sonar, and Vishranti B. Kadam, “Characterization of Hydrogeological Behaviour of PG-4 Watershed Through
Morphometric Analysis of Painganga Basin, Buldhana, Maharashtra,” Journal of Indian Water Works Association, vol. 54, no. 1, pp. 65-
71, 2022. [Google Scholar]

[42] Arthur N. Strahler, “Hypsometric (Area-altitude) Analysis of Erosional Topography,” Bulletin of the Geological Society of America, vol.
63, no. 11, pp. 1117-1142, 1952. [CrossRef] [Google Scholar] [Publisher Link]

[43] Arthur N. Strahler, “Quantitative Analysis of Watershed Geomorphology,” Transactions of American Geophysics Union, vol. 38, no. 6,
pp. 913-920, 1957. [CrossRef] [Google Scholar] [Publisher Link]

[44] Arthur N. Strahler, “Dimensional Analysis Applied to Fluvial Eroded Landform,” Bulletin of the Geological Society of America, vol. 69,
no. 9, pp. 279- 300, 1958. [CrossRef] [Google Scholar] [Publisher Link]


https://doi.org/10.1080/24749508.2021.1952749
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Application+of+GIS+techniques+to+understand+the+geomorphometric+characteristics+of+a+tropical+watershed+in+South+India&btnG=
https://www.tandfonline.com/doi/full/10.1080/24749508.2021.1952749
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quantitative+geomorphology+of+drainage+basins+and+channel+networks%2C+In+V.+T.+Chow+%28Ed.%29.&btnG=
https://doi.org/10.1016/j.heliyon.2024.e29085
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+of+Halda+River+basin%2C+Bangladesh%2C+using+GIS+and+remote+sensing+techniques&btnG=
https://www.cell.com/heliyon/fulltext/S2405-8440(24)05116-8
https://doi.org/https:/doi.org/10.4172/2157-7587.1000157
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Application+of+morphometric+analysis+for+geo-hydrological+studies+using+geo-spatial+technology%E2%80%93a+case+study+of+Vishav+Drainage+Basin&btnG=
https://www.hilarispublisher.com/abstract/application-of-morphometric-analysis-for-geohydrological-studies-using-geospatial-technologya-case-study-of-vishav-drain-39234.html
https://doi.org/10.1130/0016-7606(1945)56%5b275:EDOSAT%5d2.0.CO;2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Erosional+development+of+streams+and+their+drainage+basins%3A+hydrophysical+approach+to+quantitative+morphology&btnG=
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/56/3/275/4075/EROSIONAL-DEVELOPMENT-OF-STREAMS-AND-THEIR
https://doi.org/10.1007/s12594-013-0183-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Drainage+Morphometry+of+Upper+Vaigai+River+Sub-basin%2C+Western+Ghats%2C+South+India+Using+Remote+Sensing+and+GIS&btnG=
https://link.springer.com/article/10.1007/s12594-013-0183-7
https://doi.org/10.2475/ajs.255.2.138
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+new+standard+for+estimating+drainage+basin+shape&btnG=
https://ajsonline.org/article/58630
https://doi.org/10.1029/TR013i001p00350
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Drainage-basin+characteristics.&btnG=
https://ui.adsabs.harvard.edu/abs/1932TrAGU..13..350H/abstract
https://doi.org/10.1080/24749508.2018.1525670
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Drainage+network+characteristics+of+the+Ghaghghar+river+basin+%28GRB%29%2C+Son+Valley%2C+India&btnG=
https://www.tandfonline.com/doi/full/10.1080/24749508.2018.1525670
https://doi.org/10.1007/s13201-018-0801-z
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+analysis+of+Vaitarna+and+Ulhas+river+basins%2C+Maharashtra%2C+India%3A+using+geospatial+techniques&btnG=
https://link.springer.com/article/10.1007/s13201-018-0801-z
https://doi.org/10.1080/24749508.2018.1452482
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric-based+prioritization+of+watershed+for+groundwater+potential+of+Mula+river+basin%2C+Maharashtra%2C+India&btnG=
https://www.tandfonline.com/doi/full/10.1080/24749508.2018.1452482
https://doi.org/10.1007/s12594-020-1406-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Morphometric+Analysis+of+Ghaghara+River+Basin%2C+India%2C+Using+SRTM+Data+and+GIS&btnG=
https://link.springer.com/article/10.1007/s12594-020-1406-3
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Integrating+remote+sensing+and+GIS+for+quantitative+analysis+of+Nag+River+Basin%2C+Maharashtra%2C+India&btnG=
https://www.isca.me/EARTH_SCI/Archive/v12/i1/1.ISCA-IRJES-2023-005.php
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Drainage+basin+parameters+of+Bagh+River%2C+a+sub-basin+of+Narmada+River%2C+Central+India%3A+Analysis+and+implications&btnG=
https://www.indianjournals.com/ijor.aspx?target=ijor:jag&volume=20&issue=1&article=006
https://doi.org/10.1130/0016-7606(1956)67%5b597:EODSAS%5d2.0.CO;2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Evolution+of+drainage+systems+and+slopes+in+badlands+at+Perth+Ambos%2C+New+Jersey&btnG=
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/67/5/597/4811/EVOLUTION-OF-DRAINAGE-SYSTEMS-AND-SLOPES-IN
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Reservoir+sedimentation+in+handbook+of+applied+hydrology&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Geoenvironmental+planning+of+watersheds+in+India&btnG=
https://www.google.co.in/books/edition/Geoenvironmental_Planning_of_Watersheds/zfSrAAAACAAJ?hl=en
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quantitative+morphometric+analysis+of+a+watershed+of+Yamuna+basin%2C+India+using+ASTER+%28DEM%29+data+and+GIS&btnG=
https://www.indianjournals.com/ijor.aspx?target=ijor:ijggs&volume=2&issue=1&article=022
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Characterization+of+Hydrogeological+Behaviour+of+PG-4+Watershed+Through+Morphometric+Analysis+of+Painganga+Basin%2C+Buldhana%2C+Maharashtra&btnG=
https://doi.org/10.1130/0016-7606(1952)63%5b1117:HAAOET%5d2.0.CO;2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Hypsometric+%28area-altitude%29+analysis+of+erosional+topography&btnG=
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/63/11/1117/4477/HYPSOMETRIC-AREA-ALTITUDE-ANALYSIS-OF-EROSIONAL
https://doi.org/10.1029/TR038i006p00913
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Quantitative+analysis+of+watershed+geomorphology&btnG=
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/TR038i006p00913
https://doi.org/10.1130/0016-7606(1958)69%5b279:DAATFE%5d2.0.CO;2
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Dimensional+analysis+applied+to+fluvial+eroded+landform&btnG=
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/69/3/279/4980/DIMENSIONAL-ANALYSIS-APPLIED-TO-FLUVIALLY-ERODED

