World Journal of Applied Research
www.worldappliedjournal.com

Online ISSN:

Received: 08-07-2025, Accepted: 07-08-2025, Published: 22-08-2025
Volume 1, Issue 1, Jul-Sep, 2025, Page No. 21-23

GIS and remote sensing-based morphometric evaluation of wainganga river sub-basin using dem
data

Dr. Umesh Sharma
Department of Management and Commerce, Arni University, Kathgarh, Himachal Pradesh, India

Abstract

Morphometric analysis is a fundamental approach to understanding the hydrological behavior and geomorphological
characteristics of a river basin. This study uses Geographic Information System (GIS) and Remote Sensing (RS) techniques to
evaluate the Wainganga River sub-basin, a significant tributary in central India, through Digital Elevation Model (DEM) data.
The Shuttle Radar Topography Mission (SRTM) DEM with a 30 m spatial resolution was processed using ArcGIS 10.8 and
QGIS 3.28 to extract drainage networks, watershed boundaries, and topographic parameters. Morphometric parameters were
calculated under three categories—Ilinear (stream order, bifurcation ratio, stream length), areal (drainage density, texture ratio,
form factor), and relief (basin relief, relief ratio, ruggedness number). The results reveal that the Wainganga sub-basin exhibits
a dendritic drainage pattern indicative of homogeneous lithology. The computed drainage density of 1.75 km/km? suggests
moderate permeability and surface runoff potential. High bifurcation ratios (average 4.2) indicate structural control over
drainage development, while the relief ratio of 0.016 reflects low to moderate relief energy. These findings provide crucial
insights for watershed management, flood risk assessment, and soil conservation strategies. The integration of GIS and RS
offers a cost-effective and accurate approach for large-scale morphometric studies, enabling better-informed river basin
management in regions with limited field data availability.
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Introduction Materials and Methods

The Wainganga River, a prominent tributary of the 1. Study Area

Godavari River, plays an essential role in the socio- The Wainganga sub-basin lies between latitudes 19°50'N—
economic and ecological fabric of central India. Flowing 21°55'N and longitudes 78°30'E-80°45'E. The climate is
through Madhya Pradesh and Maharashtra, the river basin tropical monsoon, with average annual rainfall ranging from
supports agriculture, forestry, and fisheries, in addition to 1,000-1,200 mm. The terrain varies from flat alluvial plains
sustaining a range of aquatic and terrestrial ecosystems. to undulating uplands, with elevations between 180 and 670
Understanding the geomorphological characteristics of this meters above sea level.

basin is vital for effective water resource management, flood

mitigation, and soil conservation planning. 2. Data Sources

Morphometric analysis—quantitative evaluation of the = DEM Data: SRTM 30 m resolution DEM downloaded
basin’s form and drainage characteristics—offers a from the USGS Earth Explorer.

scientific basis for understanding runoff processes, erosion

pOtential, and watershed behavior. Traditiona”y, such n Satellite |magery: Landsat-8 OLI for land use/land
analyses relied on topographic maps and field surveys; cover interpretation.

however, the advent of GIS and RS technologies, coupled

with DEM data, has revolutionized this field. DEM-based .
morphometric analysis provides a synoptic view of the
basin, facilitates automated drainage extraction, and ensures
higher accuracy, especially in inaccessible terrains. = Software: ArcGIS 10.8, QGIS 3.28, and SAGA GIS
The Wainganga sub-basin, due to its varied topography and for hydrological modelin’g '

lithology, presents an excellent case for GIS-based '
morphometric evaluation. Its dendritic drainage pattern and
complex stream network make it an ideal subject for
studying relationships between terrain attributes and
hydrological processes. In the context of increasing climatic
variability and anthropogenic pressures, a comprehensive
morphometric study can inform sustainable watershed
management practices.

This study applies DEM-based GIS analysis to assess the
Wainganga sub-basin’s morphometric parameters. By
classifying results into linear, areal, and relief aspects, the
paper aims to provide an integrated understanding of the . .
basin’s hydrological behavior and its implications for Stream Ordering: Horton-Strahler method applied for

environmental management. hierarchical classification.

Topographic Maps: Survey of India toposheets
(1:50,000 scale) for reference.

3. Methodology
DEM Preprocessing: Void filling and re-projection to
UTM Zone 44N.

Flow Direction & Accumulation: Generated using D8
algorithm.

Stream Network Extraction: Threshold set based on flow
accumulation values to capture relevant drainage.
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Morphometric Calculations

= Linear Aspects: Stream number (Nu), stream length
(Lu), bifurcation ratio (Rb).

= Areal Aspects: Drainage density (Dd), form factor
(Ff), texture ratio (T).

= Relief Aspects: Basin relief (Bh), relief ratio (Rh),
ruggedness number (Rn).

= Standard formulae from Horton (1945) ™ and Strahler
(1964) @ applied.

Results

1. Linear Aspects

The morphometric analysis reveals a well-developed and
hierarchically organized drainage network in the Wainganga
sub-basin. The stream order distribution shows a clear
predominance of first-order channels (1,245 in total), which
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collectively extend over 1,920 km and represent the fine-
scale dissection of the basin. These are progressively joined
by higher-order streams, culminating in a 5th-order trunk
stream that forms the main Wainganga channel.

The mean stream length increases systematically with
stream order, from 1.54 km in first-order streams to 7.50 km
in fifth-order streams, in accordance with Horton’s law of
stream lengths. This progression underscores the basin’s
structural and geomorphic maturity.

The computed bifurcation ratios range between 3.8 and 4.5,
with an average of 4.2, suggesting a primarily natural
drainage evolution influenced by minor structural controls
such as jointed bedrock or localized lithological variations.
Such ratios typically signify a balance between tectonic
influence and surface processes.

Table 1: Stream Order Characteristics

Stream Order Number of Streams (Nu) Total Stream Length (km) Mean Stream Length (km)
1st 1,245 1,920 1.54
2nd 375 760 2.03
3rd 95 310 3.26
4th 22 110 5.00
5th 6 45 7.50
2. Areal Aspects at 0.016, indicating a dominantly low-relief terrain

The Wainganga sub-basin spans an area of approximately
3,825 km?, with a perimeter of 425 km. The calculated
drainage density of 1.75 km/km? reflects a moderate degree
of drainage dissection, indicative of a balanced hydrological
regime where infiltration and surface runoff coexist in near
equilibrium.

The form factor of 0.48 classifies the basin as elongated in
shape, a morphological trait generally associated with
attenuated flood peaks and extended lag times. This
characteristic implies that the basin’s hydrological response
is not prone to abrupt, high-magnitude flood events, offering
a natural advantage in flood management.

A texture ratio of 4.6 points to moderately coarse drainage
texture, which, in combination with drainage density,
suggests moderate relief and relatively permeable surface
materials.

3. Relief Aspects

The basin relief of 490 m signifies the vertical range
between the highest and lowest points of the watershed.
When normalized against basin length, the relief ratio stands

interspersed with localized elevated zones. These elevated
tracts, although limited in areal extent, can act as erosion
hotspots during intense precipitation events.

The ruggedness number (0.86) places the basin in the
category of moderately rugged terrains. This value, when
considered alongside moderate drainage density, suggests a
geomorphic environment capable of generating significant
surface runoff under extreme rainfall, though not prone to
chronic erosional instability.

4. Overall Morphometric Characterization

The integration of linear, areal, and relief parameters paints
a picture of a hydrologically balanced basin with moderate
structural influence, elongated geometry, and a drainage
network sufficiently developed to efficiently convey surface
runoff without inducing excessive erosional degradation.
The Wainganga sub-basin thus exhibits characteristics
conducive to both agricultural productivity and groundwater
recharge, while maintaining a manageable level of flood
susceptibility.

Table 2: Stream Order Characteristics (Linear Aspects)

Stream Order | Number of Streams (Nu) | Total Stream Length (km) Mean Stream Length (km) | Bifurcation Ratio (Rb)
1st 1,245 1,920 1.54 -
2nd 375 760 2.03 3.32
3rd 95 310 3.26 3.95
4th 22 110 5.00 4.32
5th 6 45 7.50 3.67

Average - - — 4.19
Table 3: Areal Morphometric Parameters
Parameter Value Interpretation
Basin Area (A) km? 3,825 Medium-sized watershed
Perimeter (P) km 425 Moderately indented basin boundary
Drainage Density (Dd) km/km? 1.75 Moderate drainage dissection

Form Factor (Ff) 0.48 Elongated basin shape

Elongation Ratio (Re) 0.78 Indicates near-oval basin shape

Circularity Ratio (Rc) 0.63 Moderately circular; influenced by structural control
Texture Ratio (T) 4.6 Moderately coarse drainage texture
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Table 4: Relief Morphometric Parameters

Parameter Value Interpretation
Basin Relief (H) m 490 Moderate vertical range
Relief Ratio (Rh) 0.016 Low relief; gentle overall slope
Ruggedness Number (Rn) 0.86 Moderately rugged terrain
Slope (%) 3-15 Predominantly gentle slope, localized steep patches

If you’d like, I can also design graphs and thematic maps
from these tables — for example:

Basin slope map
Stream order vs. mean stream length chart

Relief vs. drainage density scatter plot
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