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Abstract Chhatra sub watershed lies between 76°24°
to 76°29" East logitudes and 15°51" to 15°55” North
latitudes in Raichur district of Karnataka. The drain-
age networks of watershed were delineated from the
Survey of India topomaps of 1 : 50,000 scale. ArcGIS
software was used in evaluation of linear, areal and
relief aspects of the watershed. The present study
reveals that, drainage pattern of the study area is den-
dritic with trunk order number 4. The watershed area,
maximum length and with of the watershed are 2134.6
ha, 5.84 km and 3.65 km respectively. The mean value
of bifurcation ratio is 3.34 indicating, the watershed
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has suffered less structural disturbance and drainage
pattern has not been distorted. The value of drainage
density is 2.19 km km which indicated that, the re-
gion is having permeable subsoil material and good
vegetation cover. The value of farm factor indicates
watershed is approaching towards elongated shape
of watershed. The present study revealed that, GIS
based approach in evaluation of geo-morphological
characteristics is more appropriate than conventional
techniques.

Keywords Watershed, Geo-morphology, GIS, To-
pomap.

Introduction

The assessment of hydrological characteristics of
drainage basin is mandate for any basin management
scheme. It involves detailed morphometric analysis,
which includes basin size, shape, slope of drainage
area, drainage density and length of the tributaries.
Drainage basins are the fundamental units of the
fluvial landscape and a great amount of research has
focused on their geometric characteristics, which
include the topology of the stream networks and quan-
titative description of drainage texture, pattern, shape
and relief characteristics. Morphometric analysis of a
watershed provides a quantitative description of the
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drainage system, which is an important aspect of the
characterization of watersheds (Strahler 1964). Geol-
ogy, relief and climate are the primary determinants
of running water systems functioning at the basin
scale (Mesa 2000).

Morphometry is the measurement and mathemat-
ical analysis of the configuration of the earth’s sur-
face, shape and dimension of its landforms (Agarwal
1998). Morphometric studies in the field of hydrology
were first initiated by Horton (1940) and Strahler
(1950). 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 and structural antecedents
of the catchment.

In India, some of the recent studies on mor-
phometric analysis using remote sensing and GIS

techniques were carried out by Guha (2015), Kulkarni
(2015), Ramesh and Prasad (2015), Nagaraju et al.
(2015), Sreenivasa et al. (2016), Prithiviraj and Ven-
kateswaran (2016) and Sah and Das (2017).

Location

The study area forms part of Chhatra sub watershed
located in Lingasugur taluk of Raichur district, Kar-
nataka State and having total area of 2134.6 hectares
and lies between76°24" to 76°29" east longitudes
and 15°51" to 15°55” North latitudes with an average
altitude of 543 m above mean sea level (MSL) and
located in the western part of Raichur district bound-
ary. The Figs. 1 and 2 represent location map and
drainage map of Chhatra sub watershed respectively.

Materials and Methods

The Sol toposheet 57A/5 of 1 : 50,000 scale with a

KARNATAKA ADMINISTRATIVE BOUNDRIES
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LOCATION[OF WATERSHED

Fig. 1. Location map of Chhatra sub watershed.
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Fig.2. Drainage map of Chhatra sub watershed.

contour interval of 10 m was obtained from Survey of
India, Bengaluru has been used for delineation of wa-
tershed and analysis of linear, areal and relief aspects
of watershed. Obtained toposheet was georeferenced
and analyzed under ArcGIS 10.2 version software.
The first step in quantitative analysis of drainage basin
is designation of stream order. In the present study,
for the ordering of streams Strahler’s ordering system
was adopted. The parameters computed in the present
paper using GIS technique includes stream number,
stream order, stream length, bifurcation ratio, stream,
length ratio, drainage density, drainage texture, stream
frequency, form, factor, circulatory ratio, elongation
ratio, maximum watershed relief, relief ratio and
ruggedness number were evaluated with established
mathematical formulae represented in the Table 1.

Results and Discussion

The total area of watershed was found to be 2134.6
ha. The length, width and perimeter of the watershed
were found to be 5.84, 3.65 and 22.34 km respec-
tively. The values of different geomorphological
parameters were calculated by using the methodology
as discussed in materials and methods. The calculated
values of linear, areal and relief parameters are pre-

sented in the Tables 2, 3 and 4 respectively.
Linear aspects of watershed

After the analysis it was found that, the watershed
is of 4" order type and drainage pattern is dendrite,
which indicates the homogeneity in texture and lack
of structural control. The maximum length and width
of the watershed was found to be 5.84 and 3.65 km
respectively. The various linear parameters viz.,
stream order, stream number for all 4 order streams,
bifurcation ratio and stream length ratio are described
below.

Stream order (U) and stream number (N )

The designation of stream order is the first step
in the drainage basin analysis. The streams of the
Chbhatra sub watershed have been ranked according
to Strahler’s (1964) stream ordering system and the
number of streams of each segment (N,) of the order
(U) is presented in Table 2.

The stream numbers (N ) of 1*, 2™, 3" and 4
order streams were found to be 36, 9, 3 and 1 re-
spectively (Table 2). Horton’s (1945) laws of stream
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Table 1. Formulae adopted for evaluation of geo-morphological characteristics.

S1. No.

Parameters Formulae References
1 Stream order (U) Hierachical rank - Strahlern (1964)
2 Stream length (L ) Length of the stream - Horton (1945)
N
SL
Mean stream i=1 L, =Stream length (km)
3 length (I:u) iu = N, = Number of streams of order ‘u’  Strahler (1964)
N\.\
Bifurcation ratio . N, = Number of streams of order ‘v’
4 R, =|— ) N, ,,= Number of streams of next Schumn (1956)
(R N.., higher order ‘u + 1’
Stream length ratio -Lu L, = The total stream length of the
5 R, =— order ‘u’ (km)
R)) L, L, , = The total stream length ofits  Horton (1945)
next lower order (km)
Drainage density L L = Total length of all stream
6 D, =— segments (km?) Horton (1932)
(Dd) A A = Area of the basin (km?)
Drainage texture N N = Total number of stream segments
7 D = of all orders Smith (1950)
(D) P P = Perimeter of the watershed (km)
Stream frequency N N = Total number of stream segments
8 F=—— of all orders Horton (1945)
(F) A A = Basin area (km?)
A A = Area of watershed (km?)
9 Form factor (R) R, =7 Horton (1945)
(Lb ? L, = Length of basin (km)
Circulatory ratio 411A A = Area of watershed (km?)
10 R =77 Strahler (1964)
R) (Ac)2 A_ = Perimeter of the watershed (km)
Elongation ratio L 2 \/1 D_ = Diameter of the circle having Schumn (1956)
11 R = ( - ) - - same area as that of the basin (km)
(R) B L I
L, = Basin length (km)
A = Basin area (km?)
Maximum h = Elevation of highest elevated
12 waterhed relief H=h__-h point (m) Schumn (1956)
(H) h . = Elevation at outlet (m)
H H= Maximum watershed relief (m)
13 Relief ratio (R)) R=— Schumn (1956)
L, L, = Maximum watershed length (km)
Ruggedness HD, H = Maximum watershed relief (m)
14 R =— Melton (1957)
number (R,) 1000 D, = Drainage density, km (km?)

numbers states that, the number of stream segments
of each order form an inverse geometric sequence  streams against stream order is given in Fig. 3. The
with stream order. Most of the drainage networks  graph shows a straight line, satisfying the Horton’s
show a linear relationship, with small deviation from  law.

a straight line. The plotting of logarithm of number of
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Fig. 3. Regression of logarithum of stream number and stream
order.

Cumulative stream length (L )

The values of cumulative stream length for 1%, 2,
3 and 4" order streams (Table 2) were found to be
30.04, 10.77, 3.90 and 2.17 km respectively. The
steam length of different orders and respective mean
stream lengths were found out by digitizing the stream
networks using ArcGIS software. In the present study,
an attempt has been made to establish the relation
between cumulative stream length and stream order
(U). In order to find the correlation, logarithm of
cumulative stream length as ordinate and stream
order (U) as abscissa, plotted on normal log paper to
investigate the geometric property. The results straight
line satisfies the Horton’s law and it indicates that
generally, the total length of stream segments is high
in first order streams and decreases as the stream order
increases. The plotting of logarithm of cumulative
stream length against stream order is given in Fig.4.

Bifurcation ratio (R,)

The bifurcation ratio (R,) reflects about geological
and tectonic characteristics of the watershed and

Table 2. Linear aspects of Chhatra sub watershed.
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Fig. 4. Regression of logarithm of cumulative stream length and
stream order.

the mean value is estimated as 3.34 indicates that,

the watershed has suffered less structural disturbance

and the drainage pattern has not been distorted by

structural disturbance (Nag 1998).

Stream length ratio (R,)

The value of stream length ratios for 2™, 3" and 4
order streams were found to be 1.45, 1.08 and 1.67
respectively (Table 2). The variation in stream length
ratio might be due to change in slope and topography.
The study area showed a decreasing trend in stream
length ration of 3™ to 2" order which indicates its late
youth stage of geomorphic development. Whereas,
for 4™ to 3 order stream length ratio is increasing as
compared to 3" to 2" which indicates, their mature
geographic stage (Singh and Singh 1997).

Areal aspects of watershed

The results of the areal aspects of Chhatra sub water-
shed are presented in the Table 3.

Table 3. Areal aspects of Chhatra sub watershed.

Cumulative Mean Bifur- Stream
Stream Stream stream stream cation length
order  number length length ratio ratio
U N)  @C)km (C)km  ®R) ®)
1 36 30.04 0.83 4 -
2 9 10.77 1.20 3 1.45
3 3 3.90 1.30 3 1.08
4 1 2.17 2.17 - 1.67

SI. No. Areal aspects Value
1 Drainage area (A), ha 2134.60
2 Basin length (L), km 5.84
3 Basin width (B), km 3.65
4 Basin perimeter (P), km 22.34
5 Drainage density (D), km km™ 2.19
6 Drainage texture (D), km" 2.19
7 Stream frequency (F), km™ 2.29
8 Form factor (R) 0.62
9 Circulatory ratio (R ) 0.54
10 Elongation ratio (R ) 0.89
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Drainage density (D,)

The watersheds can be grouped into four categories on
the basis of drainage density : Low (<2.0 km km?),
moderate (2.0-2.5 km km?), high (2.5-3.0 km km™)
and very high (>3.0 km km?) (Mallik et al. 2011).
The drainage density value indicates the closeness
of spacing of channels, thus providing a quantitative
measure of average length of stream channel for the
whole watershed. Further, it gives an idea about the
physiographical properties of underlaying soils. The
value of drainage density (D,) was found to be 2.19
km km? (Table 3), which falls in the range of 2.0 to
2.5 km km™, which indicated that, the region is having
permeable subsoil material and good vegetation cover
(Sreedevi et al. 2013).

Drainage texture (D,)

Drainage texture is one of the important concept of
geomorphology which means, the relative spacing of
drainage lines. Drainage texture indicates underlying
lithology, infiltration capacity and relief aspect of the
Terrain. Drainage texture can be classified into five
different textures i.e. very coarse (<2), coarse (2 to
4), moderate (4 to 6), fine (6 to 8) and very fine (>8)
(Smith 1950). The value of drainage texture (D)) for
Chbhatra sub watershed is found to be 2.19 km' (Table
3), which indicates about the coarse drainage texture
of the watershed (Smith 1950). The coarse drainage
texture indicates a good permeability of sub surface
material and infiltration and lower runoff rate (Hajam
etal. 2013).

Stream frequency (F)

It is another measure to describe the capacity of
stream network to carry the discharge and is derived
as number of stream segments per unit area. Higher
the value of stream frequency, lower the permeability
of the area and higher is the runoff and vice versa.
The value of stream frequency for the Chhatra sub
watershed was found to be 2.29 km? which indi-
cates, watershed is having resistant or permeable
sub-surface material with good infiltration rate, good
vegetation cover and low relief. The stream frequen-
cy shows positive correlation with drainage density
(Hajam et al. 2013).

Form factor (R))

It is the ratio of the watershed area to the square of
watershed length. If the value of form factor is less
than 0.7854, it indicates a perfectly circular basin
(Horton 1932). Smaller the value of form factor
more elongated is the basin. From the results, it
was observed that, the value of farm factor (R,) was
found to be 0.62 (Table 3). Since the value of form
factor is less than 0.7854, it indicates an elongated
shape of the watershed (Horton 1932). An elongated
basin with low farm factor shows flatter peak flow
for longer duration. Hence flood flow will be there
for longer duration.

Circulatory ratio (R )

The value of circulatory ratio varies from zero to
one. Higher the values of circulatory ratio, more
circular will be the shape of the basin. The value of
circulatory ratio (R) for Chhatra sub watershed is
found to be 0.54.

Elongation ratio (R )

Strahler (1964) states that, this ratio runs between 0.6
and 1.0 over a wide variety of climatic and geologic
types. The varying slopes of watershed can be clas-
sified with the help of the index of elongation ratio
i.e., circular (0.9-1.0), oval (0.8-0.9), less elongated
(0.7-0.8), elongated (0.5 -0.7) and more elongated
(<0.5). The value of elongation ratio for the present
study, is found to be 0.89. The greater elongation ratio
that circulatory ratio results in elongated formation
of watershed than circular watershed. The value of
elongation ratio (0.89) indicates about oval shaped
watershed (Strahler 1964).

Relief aspects of watershed

The relief aspects of watershed viz., maximum wa-
tershed relief (H), relief ratio (R)) and ruggedness
number (R ) were computed and represented in the
Table 4.

Maximum watershed relief (H)

In high relief regions, there will be high gravity force



Table 4. Relief aspects of Chhatra sub watershed.

S1. No. Relief aspects Value
1 Maximum watershed relief (H) 95

2 Relief ratio (R)) 0.016
3 Ruggedness number (Rn) 0.24

for the water and which cause less infiltration and
high runoff (Magesh and Chandrashekar 2012). But in
low relief region the condition is reverse. Maximum
watershed relief for the present study was determined
from the DEM. For the present study the value of
relief ratio was found to be 95m.

Relief ratio (R))

The relief ratio is the indicator of erosion processes
operating on the slopes and overall steepness of the
drainage line (Magesh and Chandrashekar 2012).
For the present study, the relief ratio for Chhatra sub
watershed is found to be 0.016. The lower value of
reliefratio indicates a presence of basement rocks that
are exposed in the form of small ridges and mounds
with lower degree of slope (Praveen et al. 2012).

Ruggedness number (R )

Excessively high ruggedness number occurs for
a high relief region with high stream density and
vice-versa. For the present study, the value of rug-
gedness number is found to be 0.24. The lower value
of ruggedness number indicates that, the area is less
prone to soil erosion and have an intrinsic structural
complexity in association with relief and drainage
density (Guha 2015).

Conclusion

A study was conducted for evaluation geo-mor-
phological charcteristics for Chhatra sub watershed
using GIS technique. The Chhatra sub watershed
lies between 76°24" to 76°29° East longitudes and
15°571 to 15°55" North latitudes. Chhatra is a village
in Lingasuru taluk in Raichur district of Karnataka
State. It was realised in the process of study that, use
of GIS can make the cumbersome geomorphological
analysis as an easy task as compared to traditional
methods. It saves time and helpful in planning of
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resource conservation techniques in the watershed
area for sustainable development. The determination
of geomorphological characteristics includes area
and perimeter, linear aspects viz., stream number
(N,) stream order (U), stream length (L) bifurcation
ratio (R,) ;stream length ratio (R, ); areal aspects viz
drainage density (D,) drainage texture (D,) stream
frequency (F), form factor (R)) circulatory ratio (R ),
elongation ratio (R ); relief aspects viz., maximum
watershed relief (H) relief ratio (R ) and ruggedness
number (R ).

This study indicates that, systematic analysis
of morphometric parameters using GIS can provide
significant value in understanding basin hydrological
characteristics for watershed planning and manage-
ment.
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