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Abstract: The research work examined the temporal variation in the sinuosity index of the Ghaghara River Middle Ganga plain,
India. The calculation of the sinuosity indexes was used mutilated satellite Imageries and Survey of India Toposheets (1:50,000) which
is carried out using Arc GIS 10 software. The sinuosity of the channel has been measured is 1.3, 1.2, 1.3, 1.2, 1.2, and 1.3 for year
1975, 1980, 1990, 2000, 2010 and 2018, respectively. The Temporal variation in sinuosity of Ghaghara River has been identified.
Sinuosity index variation is induced by the slope of fluvial systems, water discharge. High sinuosity of the river identifies the
characteristics of the gentle slope of the river basin which indicate the area becomes more sensitive to the flood. The Spatio-temporal
shifting analysis of the river is very susceptible to identify the future trend of the river.
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1. Introduction

The geometry of the channel platforms studied given by [1].
The channel sinuosity is controlled by channel gradient,
sediment load, resistance to lateral erosion of a river and
stage of valley development and the structural characteristics
of the area through which it flows [2]. The research of the
drainage sinuosity index allows evaluating the impact of
terrain on the course of the river and vice versa [3]. The
tectonically cause gradient steepening lead to heightened
channel activity, resulting in accelerated erosion either by
incision or by lateral erosion and an increase in sinuosity [4].
The sinuosity changes have been correlated with discharge
and sediment load changes at the inter-flow of tributaries [5].
[6] Evaluated a quantitative relationship between regional
climatology and sinuosity, and it has been postulated that the
rivers, which have more relative variation in discharge, tend
to have greater lateral mobility.

2. Study Area

The study area is located in the Middle Ganga Plain and
geographically it lies between 23°31'51" and 28°25'20"N
latitudes and 80°5426” and 84°3820"” E longitudes (Fig. 1).
It is the largest tributary of the Ganga by volume and second
largest by length. It is a very dynamic river regarding their
valley widening and lateral shifting. It exhibits three regional
geomorphic surfaces such as Upland Terrace Surface (T2),
River valley Terrace surface (T1) and Active Floodplain
Surface (T0). These surfaces are made up of loose and
unconsolidated materials of sand, silt and clay out of which
clay percentage is dominated. Slope towards NW — SE
direction.

3. Methodology

The study of Ghaghara River carried out using SOI
topographic maps of 1:50000 scales for the year 1975 and
multi-date satellite imageries including, LANDSAT
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Figure 1: Location map of Study area

Thematic Mapper (TM) for the year 1990, LANDSAT -7
Enhanced Thematic Mapper Plus (ETM+) for the year
2000, LISS-3 for the year (2010) and Landsat-8 Operation
land imager (OLI) for the year 2018 have been used with the
help of Arc GIS 10 software (Table 1). The Ghaghara River
is demarcated into 10 sections (fig. 2 and 3). The Sinuosity
index has been determined for all these sections for
monitoring the channel pattern. For obtaining the sinuosity
index, (SOI) Toposheets at a scale of 1:50000 and Google
images were used. By utilization GIS software, i.e. Arc Map
and The relevance of Remote sensing images and SRTM
data was taken for generating data for river characteristic.

Table 1: specification of the satellite data sets used

Volume 8 Issue 9, September 2019

WWW.ijsr.net
Licensed Under Creative Commons Attribution CC BY

Paper ID: ART20201442

10.21275/ART20201442

S. Satellite/ Data Band | Resolution | Date
No.| Toposheet | source/Sensor
1 | Toposheet |Surveyoflindia| - 50,000 scale| 1975
2 | Landsat-TM ™ 7 30m 1990
3 Landsat-7 ETM+ 8 30m 2000
4 |Resourcesat-I LISS-3 4 23.5m 2010
5 Landsat-8 OLI 11 30 m 2018
4. Result and discussion
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4.1. Spatio-temporal analysis of Sinuosity

The sinuosity index has been determined for all these
sections for monitoring the channel Sinuosity parameters of
the Ghaghara River. Rivers with a sinuosity index 1.3 shows
the sinuous in nature and 1.5 are lead to meandering nature
were measured using the procedure [7] (Table 2).

SI=CivI

The Ghaghara River is estimated to be 403.6 km long, and
the section was divided into equal length reaches each
having a length of 40 km long demarcated in 10 (Fig. 2).
Ghaghara River possesses sinuosity index 1.1 to 1.3 having
the sinuous pattern. The sinuosity was measured using the
following equation for each reach. This Indicates temporal
increasing sinuosity. In 1975 the Ghaghara was a straight
single channel-river with a sinuosity (< 1.5), but till of year
2018 the sinuosity values were examined (>1.5) and the
river exhibited a braided multi-channel river, in the year
1990 the sinuosity parameters decreased sharply while again
it increased during 2000 and 2018.

Table 2: Classification of the sinuosity index and channel
pattern based on [7]

Number of channels Ratio Channel Pattern
Single channel <1 Straight
Wandering channel 1-13 Low sinuous

Braided channel 1.3-1.5 High sinuous
Anastomosing channel >1.5 Meandering

For the year 1980, 1990, 2000, 2010, 2018 the total average
channel length is 392, 404, 389, 395, 404 km, valley length
are 319.8, 317.4, 320.1, 321.1, 319.8 and calculated
sinuosity index 1.2, 1.3, 1.2, 1.2, 1.3 respectively. The
sinuosity index (SI) of the Ghaghara shows the sinuous in
nature (Table 3). The Spatio-temporal variation in sinuosity
of Ghaghara River well defined. (Fig. 3) For the year 1975
the total average channel length is 403, km. Valley length is
320.9 km, calculated sinuosity index 1.3 for the year 1975
respectively (Table 3 and 4) and stretches of Ghaghara River
showing in (Fig. 2).

Table 3: Sinuosity analyses of Ghaghara River for year 1975

River Channel Length | Valley Length Sinuosity
Stretches (Km) (Km) Index
G-1 40.3 284 14
G-2 40.3 35.0 12
G-3 40.3 349 12
G-4 40.3 30.8 13
G-5 40.3 32.6 12
G-6 40.3 314 13
G-7 40.3 327 12
G-8 40.3 320 13
G-9 40.3 33.0 12
G- 10 40.3 30.1 13
Total 403 320.9 13

4.2. Flood effect in Ghaghara River Flood effect on
Ghaghara River

The calculated sinuosity indexes show the understanding
of the association between the attributes of the river basin
and the procedures in the watershed and the river channel.
According to [8] “it has been possible to identify the
characteristics of channel pattern change as a response to
flood flows.” The sinuosity also varies because of the
regions of the gentle slope or low fall regions become
more sensitive to flooding. This seems to receive heavy
precipitation during monsoon cause flood. The Ganga plain
occurrence faces the flood disaster problem annually. The
flood has extremely been destroying crops, Villages and

property.
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Figure 2: Stretches of Ghaghara River

Table 4: Spatio-temporal sinuosity index of Ghaghara River
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Year | Channel Length | Valley Length Sinuosity
(Km) (Km) Index
1975 403 320.9 1.3
1980 392 319.8 1.2
1990 404 3174 1.3
2000 389 320.1 1.2
2010 395 321.1 1.2
2018 404 319.8 1.3
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TEMPORAL VARIATION OF SINUOSITY OF GHAGHARA RIVER
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Figure 3: Temporal variation of Sinuosity of Ghaghara River

5. Conclusions

The Spatio-temporal shifting analysis is very susceptible to
identify the future behavior of the river. In 1975 the
Ghaghara measured sinuosity (< 1.5), but till of year 2018
the sinuosity values were examined (>1.5) and in the year

1990 the sinuosity parameters decreased sharply while
again it increased during 2000 and 2018. The
Ghaghara Sinuosity index is indicating high sinuous in
nature due to high discharges and sudden reduction in
gradients as well as flow velocity in the channel during the
river's different flow conditions. The high discharge during
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the monsoon is the most prominent effective factor behind
the flood of the Ghaghara River during its course. This
seems to be a heavy rainfall receiving area in the Ghaghara
River Basin. The result reveals that morphological activity
which indicates mature stage of topographic evolution and
erosion on the hydrological significance as well and analysis
provides information that identification of flood process to
study of Sinuosity indexes leading destroyed infrastructural
equipment and houses and agricultural plants. The Spatio-
temporal shifting analysis of the river is very useful to
identify the behavior of the river.
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