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Abstract

Remote Sensing technique is a method for basin study as the satellite images provide a synoptic view
over a large area. Digital Elevation Model (DEM) in the field of GIS provides the three-dimension
assessment of the earth surface. Morphometric analysis provides a quantitative description of drainage
system. Morphometric analysis such as linear aspects in part of Tapi river basin covering Madhya
Pradesh and some part of Maharashtra was carried out by using geoprocessing techniques. These
techniques were used for extraction of river basin and its drainage network. Carto DEM data and
ArcGIS software were used for the extraction of drainage and the Morphometric parameters and
classified based on the formula suggested by Strahler (1964) [91, The analysis of linear aspects of
drainage basin reveals that the basin has mostly dendritic to sub dendritic drainage pattern with 7t
order stream while 1%t order streams are mostly controlling the basin. The Carto DEM was utilized to
automatically identify and extract drainage network. Five types of drainage patterns were identified:
dendritic, parallel, rectangular, trellis, and modified dendritic/trellis.

Study conclude that remote sensing data (Carto DEM of 30 m spatial resolution) along with
geoprocessing techniques proven to be a tool used for morphometric analysis and evolution of linear
aspects of morphometric parameters. Bifurcation ratio of basin (1.54 to 5.32) showing that geologic
structures moderately controlled the drainage pattern. Length of overland flow of the basin (0.209 Km)
usually low and indicates that basin is showing high relief and slope.
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1. Introduction

The study of the geometry of the basin and the way in which it changes in response to
processes has become a major part of modern geomorphology. Morphometric analysis of a
drainage basin is a quantitative description of a basin and an important aspect to know the
character of the basin Strahler (1964) [°l. The term ‘morphometry’ signifies the meaning of
‘measurement of form” derived from morpho (form) and metry measurement Sen (1993) [261,
The morphometric analysis includes linear, relief, aerial and gradient of channel network and
slope of the basin Nag and Chakraborty S (2003) [*2, Magesh et al. Several scholars have
identified drainage basin and its relationship with climate, relief, structure of the basin
Strahler (1964) 91, Miller (1953) 19, Nag (1998) 4. The morphometric analysis of the
drainage basin and channel network play an important role in understanding the geo-
hydrological behavior of drainage basin and expresses the prevailing climate, geology,
geomorphology, structural antecedents of the catchment. The relationship among various
drainage parameters and the aforesaid factors are well recognized by many workers Horton
(1945) ®©, Strahler (1957) 81, Pakhmode et al. (2003) 1, Gangalakunta et al. (2004) [,
Chandrasekar and Magesh (2014) 12, The DEM is used assuming that the water will flow
from higher to lower elevation using steepest descent, will produce a stream extraction
model with a thematic layer of aspect, slope, relief, and drainage density, stream frequency
Chandrasekar and Magesh (2014) 2. In recent years, remote-sensing data and Geographical
Information System (GIS) techniques have increasingly been used for the interpretation of
objects, assessing various terrain and morphometric parameters of the drainage basins as it
provides an environment for the manipulation and analysis of spatial information in various
applications of geology.

The objective of this study is to analyses the linear morphometric attributes of Tapi drainage
basin by using geospatial technology.
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This study attempted to use the morphometric technique by
using geo spatial technology to give an insight of the
different geo-hydrological and geo-structural characteristics
of the drainage basin to help in the morphotectonic study of
the drainage basin.

2. Study Area

The Tapi River lies between Godavari and Narmada River
in central India. It originates from Multai of Betul district of
Madhya Pradesh. The study area (i.e. part of Tapti river
basin) located within the toposheets 55C/3, 55C/4, 55C/7,
55C/8, 55C/10, 55C/11, 55C/14 & 55C/15. Covering the
parts of Khandwa, Khargone & Burhanpur districts in
Madhya Pradesh and some parts of Amravati, Buldhna &
Jalgaon in Maharashtra.

3. Methodology

Present study carried out by collecting the data from various
sources. Data collected from the following sources i.e. SOI
toposheets No. 55C/3, 55C/4, 55C/7, 55C/8, 55C/10,
55C/11, 55C/14 & 55C/15 were georeferenced/geo-rectified
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and mosaiced in GIS environment by using GIS software on
1:50,000 scale. These topographic maps were used to
delineate/validate the Tapi River basin. Basin extracted
from Carto DEM images in GIS environment by using
geoprocessing tools assigning UTM 43N Projection System.
As, morphometric analysis of a drainage basin requires the
delineation of all the existing streams, extraction of the
streams was carried out for morphometric analysis in GIS
environment using geoprocessing tools in GIS software.
Carto DEM data on 30 m spatial resolution downloaded
from the Bhuvan Earth geoportal and used to delineate the
river basin and extract the stream network Law of Strahler’s
method for stream ordering were adopted for ordering the
streams using geoprocessing models. Process workflow
showing in Figure 1 for extraction of the streams by using
geoprocessing models in GIS environment. The stream
order, stream length, mean stream length, bifurcation ratios,
length of overland flow and elongation ratio were estimated
using the mathematical formula given in Table 1 with the
Carto DEM satellite images.
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Fig 1: Methodology Workflow Diagram

Table 1: Showing mathematical formula used for estimation the linear aspects morphometric parameters of the study area.

S. No. | Parameters |Symbol Formula

Reference

1 |[Stream Order| Sp Hierarchical rank

Strahler AN, Chow VT (1964) [*] Quantitative
geomorphology of drainage basins and channel
network, In. Handbook of Applied Hydrology,
McGraw Hill Book Company, New York, USA.

Rb=Np/Np+1 Schumn SA (1956) Evolution of drainage systems
2 Bifurcation Rb Where, Rb = Bifurcation ratio, and slopes in badlands at Perth Amboy, New Jersey.
Ratio Nu = No. of stream segments of a given order and Geological Society of American Bulletin 67: 597-
Nu +1= No. of stream segments of next higher order. 646.
M Strahler AN, Chow VT (1964) 1 Quantitative
ean . .
3 Bifurcation | Rbm Rbm = Average of bifurcation ratios of all orders geomorphology of drainage bas!ns and channel
Ratio network, Ir_1. Handbook of Applied Hydrology,
McGraw Hill Book Company, New York, USA.
Stream - Horton RE (1945) [l Erosional Development of
4 Length Ly Length of the stream (kilometers) streams and their drainage basins, Hydrophysical
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approach to quantitative morphology. Geological
Society of American Bulletin 56: 275-370.

Strahler AN, Chow VT (1964) (91 Quantitative

5 Mean Stream Lsm Where, Lyt = TOI;:III; t; eI;;/Il\erl ath of order ‘0’ geomorphology of drainage basi_ns and channel
Length Ni = Total no. of stream seements of order ‘L network, In. Handbook of Applied Hydrology,
= totaino. of stream segments of order | McGraw Hill Book Company, New York, USA.
RL=Lsm/Lsm-1 Horton RE (1945) [l Erosional Development of
6 Stream RL Where, Lsm=Mean stream length of a given order streams and their drainage basins, Hydrophysical

Length Ratio and

Lsm-1= Mean stream length of next lower order

approach to quantitative morphology. Geological
Society of American Bulletin 56: 275-370.

7 I(_)%]egrign?jf Lg ngll 2D K’T‘
Flow Where, D=Drainage density (Km/Km2)

Horton RE (1945) (¢! Erosional Development of
streams and their drainage basins, Hydrophysical
approach to quantitative morphology. Geological

Society of American Bulletin 56: 275-370.

4. Geomorphometric parameters of the tapi river basin
Linerar aspects of morphometry

Stream order (u): Stream order is defined as a measure of
the position of a stream in the hierarchy of tributaries
Leopold et al. (1964) 8. Assigning the stream order is the
first step in basin analysis. The primary step in drainage
basin analysis is to designate stream orders Horton (1945)
6. As per the Strahler’s (1964) ' ordering method, study
area is a 7™ order drainage basin as shown in Figure 2.

Order and size of the tributary basin is mainly dependent to
physiographic and structural conditions in the study area.
Study area basin develops over the moderate to highly
dissected Decan Trap basalt rock thereby the number and
order of streams are high. Increase stream order is
associated with more discharge. The main stream, Tapi, by
which all discharge and sediment passes is therefore the
stream segment of highest order.
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Fig 2: Stream Order Map of the study area

Stream number: The count of stream channels in a given
order is known as stream number Horton (1945) 6. The
number of streams of different orders and its total counted
with the help of GIS software. A total number of streams in
the study area are 24683. The Moderate to highly dissected
underlying Decan Trap basalt rock favor many streams.

Numbers of streams are anti propositional with the order of
the streams and thereby it can be said that the basin is
developed over homogeneous rock materials. Similarly, in
the study area basin, the first order of the streams is
associated with the highest number of streams and vice-
versa as shown in Table 2.
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Table 2: Showing stream order wise number counts with
percentage of the study area

Stream Order Stream Order Count %
1 12421 50.32
2 5851 23.70
3 3262 13.21
4 1734 7.02
5 1081 4.37
6 203 0.82
7 131 0.53
Total 24683

Stream length (Lu): Stream length calculated based on the
law proposed by Horton (1945) [6l. Stream length reveling
chronological stream segments changes with tectonic
disturbances interval. In the study, results show that total
length of stream segments is maximum for first order
streams and reduces with the increment of stream order
except the 7™ order stream total length is more than the total
length of the 6™ order stream segments as shown in Table 3.
Study shows that stream segments up to 4th order passes
through the parts of high to moderate altitude zones and
steep to moderate slopes areas while the 6™ and 7" order
stream segments passes through relatively in low altitude
and gentle slope areas.

Table 3: Showing stream order wise length in Km with percentage
of the study area

Stream Order Stream Length (Km) %
1 5421.29 48.96
2 2784.44 25.15
3 1463.27 13.21
4 729.59 6.59
5 454.88 4.10
6 89.28 0.80
7 128.06 1.15
Total 11070.81

http://www.geojournal.net/

Mean stream length (Lsm): Mean stream length is the total
stream length is divided by the total number of segments in
while total length of stream calculated using GIS tools.
There is the relationship between mean stream length and
basin order, i.e., mean stream length increases with
successive increasing orders. It is related to the size of the
drainage network Strahler (1964) 191, Mean Stream Length
of the study area basin is 0.5171 kms and is quite moderate.

Bifurcation ratio (Rb): The Bifurcation ratio may be
defined as the ratio between the numbers of stream
segments of any given order to the number the next higher
order Singh (1971) 01, The bifurcation ratio ranges in
between 1.5 to 5.3. The high value of the ratio indicates a
lower degree of drainage integration and vice-versa. The
irregularities of bifurcation ratio depend on the lithological
development of the drainage basin. The lower value of the
bifurcation ratio reveals that the basin has suffered less
structural disturbances and the higher values of the
bifurcation ratio indicate strong structural control on the
drainage pattern Agarwal (1998) . The High bifurcation
ratio shows significant variations in the number of stream
segments of lower and higher order that represents the
occurrence of relatively juvenile and mature topography
[Chorley RJ (1969] El. Bifurcation ratio having value >10
indicates the drainage basin developed over the easily
erodible rocks Ozdemir and Bird (2009) [*3l. The bifurcation
ratio values for the study area basin ranges from 1.5 to 5.3
(Table 4), showing possibility of variations in basin
geometry and structural control but tend to be constant
throughout the series with the mean bifurcation ratio of
2.379. The highest Rb (5.325) is found between 5" and 6%
order that indicates maximum overland flow and discharge
in less permeable rock hilly terrain with high slope of the
terrain that indicates the basin developed under the
influences of underlying structures and lithology.

Table 4: Showing bifurcation ratio with Mean bifurcation ratio value of the study area

Stream Order | Stream Count Bifurcation Ratio (Rb) Mean Bifurcation Ratio (Rb

1 12421

2 5851 2.122

3 3262 1.793

4 1734 1.881 2.379

5 1081 1.604

6 203 5.325

7 131 1.549

Length of overland flow (Lg): Length of overland flow is
one of the most important independent variables affecting
both hydrologic and physiographic development of drainage
basins Horton (1932) Bl. Overland flow is significantly
affected by infiltration/percolation through the soil that vary
in time and space Schmid (1997) ¥, Kanth and Hassan
(2012) . Higher value of Lg represents low relief and
whereas a low value of Lg is an indicative of high relief.
The length of the overland flow of study area basin is 0.209
Km which is usually low and indicates that basin is showing
high relief and slope.

5. Conclusion

Remote sensing and GIS techniques are effective tools in
drainage and basin extraction through DEM data and play a
vital role for assessment of morphometric parameters.

Remote Sensing and GIS based study provided analysis of
different morphometric parameters, provides efficient way
of spatial data management and improves the study of the
relationship  between  drainage  morphometry  and
topographical, geological, lithological, structural and several
other terrain attributes. Morphometric parameters are used
in evaluating river basin and the watershed preference for
soil, conservation of water and resource management at
micro level. Study area is 7th order basin dominating by the
lower order streams. Study reveals that study area streams
up to 3rd to 5th order maximum traverse in high altitudinal
area of the basin which are categorized by steep slopes
while the 61 and 7™ order streams occur in comparatively
flat lands. The bifurcation ratio (Rb) values for the study
area of different order ranges vary from 1.5 to 5.3, showing
possibility of variations in basin geometry and structural
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control but mean bifurcation ratio shows that the drainage is
not much affected by geological structures. The low value
of the length of the overland flow i.e. 0.209 Km indicates
that basin is showing high relief and slope. This study
provides a clear understanding that GIS technique is a very
useful tool in geomorphometric analysis for geo-
hydrological studies of drainage basins. Such type of studies
is very useful for planning and management of drainage
basin.
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