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Abstract

Avrticle History

Channel plan-form patterns of river Tlawng has been studied which shows that there is
variation in the sinuosity index. This variation is a sign of changing characteristics and
behavior of the river. The average sinuosity of the river is 1.41. The sinuosity index is
higher in the lower course of the river as it flows through alluvial plain. GIS
techniques have been used for studying morphometric parameters. There are 6736
streams in the Tlawng river basin which shows that the topography is still undergoing
erosion as the number of stream is high (Zaidi, 2011). The river has low bifurcation
ratio which indicates less possibilities of flooding. The drainage density indicates the
higher permeable subsoil and moderate to thick vegetative cover. The stream frequency
value of the Tlawng river basin is 1.30 streams / km? which shows a positive relation

with drainage density.
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1 INTRODUCTION

Morphometric analysis deals with a quantitative
description of the basin geometry to know initial slope
or differences in the rock resistance, structural controls,
recent diastrophism, geological and geomorphic history
of drainage basin (Strahler, 1964). Morphometry is the
measurement and mathematical analysis of the
arrangement of the earth’s surface, shape, dimension of
its landforms (Clarke, 1966). Nag and Chakraborty
(2003) used morphometric analysis to study the
influence of rock types and structures in the formation
of drainage network in hard rock area. Morphometric
analysis has been used to evaluate the groundwater
potentiality of the basins in many studies. Geo-
informatics using satellite images are used as a suitable
tool for morphometric analysis. Many studies have been
carried out in morphometric analysis using these new
techniques.

A perfect straight river is unusual. All natural
rivers have a fundamental tendency to deviate from a
straight line and increase their sinuosity. Friedkin (1945)
defined the degree of sinuosity of meandering rivers as
the ratio of Thalweg length to the air-line. According to

Morisawa and Clayton (1985) a plan-form between
straight and meandering can be called sinuous. Sinuosity
indexes are usually calculated by dividing the length of
a reach measured along a channel by the length of a
reach measured along a valley (Muller, 1968).
Considering the facts above, the study was undertaken
to determine and understand the significant morphologic
and hydrologic characteristics of Tlawng river basin.

2 MATERIALS AND METHODS

The Tlawng river basin was extracted from ASTER
Globe Digital Elevation Model (GDEM) at 30 m
resolution downloaded from ISRO Bhuvan website.
Hydrological information was digitized and geo-
referenced using Arc GIS tools. Channel sinuosity index
is measured by using formula proposed by Mueller
(1968). Relief and drainage properties such as stream
ordering, stream number, stream length, mean stream
length, stream length ratio, Rho coefficient, bi-furcation
ratio, drainage density, stream frequency, drainage
texture, relief ratio, relative relief, ruggedness number
etc. is studied to understand the terrain characteristics.
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3 STUDY AREA

The Tlawng river is the lengthiest river in Mizoram
which measures about 185 km within the state. It
originates from Zopui hill at 22°51’ N latitudes and
92°48’ E longitudes, 8 km east of Lunglei town at an
elevation of about 1598 m from MSL (Figure 1). The
lowest elevation is about 6 m in Katakhal, where it joins
the Barak river. The basin is about 5846 km?. It passes
through five districts namely Lunglei, Aizawl, Serchhip,
Mamit and Kolasib in the state of Mizoram. During the
course of its run, several tributaries join laterally. It
flows in northern direction. After flowing for about 50
km in Lunglei district it enters Aizawl district near
Khawlek village. Tut and Teirei are the main tributaries
to the river Tlawng. The Teirei river flows parallel to the
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Tlawng river for about 40 km before joining the main
Tlawng river. After the confluence with tributaries Tut
and Teirei from western bank, it joins Barak river in
Cachar district of Assam where it is known by the name
Dhaleswari river and Katakhal river. It is the main
source of water supply for Aizawl city.

The Tlawng river basin is characterized by
undulating hill ranges with steep slopes in the upper
course and moderate to gentle slope in the lower course.
The Tlawng river basin is having a tropical humid
climate with heavy monsoon rainfall. The average
annual rainfall in the study area is about 2450 mm. Soils
are generally of sedimentary formation which is sandy,
immature and high in acidity. The average annual
temperature is around 21°C.
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Figure 1. Location Map: River Tlawng basin in Mizoram (India)
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4  RESULTS AND DISCUSSION

For the study, streams are ranked as per their order. The
morphometric and  sinuosity analysis  provides
information of the geometrical relationship among the
stream segments with terrain characteristics and
lithological variations.

4.1  Stream Orders

Stream order is a measure of the relative size and pattern
of channels of a drainage network. This provides an
important influence on the relative discharge of streams
at any point of a drainage network. In any drainage
network analysis, the streams are categorized into
different orders in accordance with the number of
bifurcations. Various methods of stream ordering were
suggested by earlier workers. Davis (1913) proposed a
genetic approach to drainage pattern. However, the most
important quantitative approach to drainage analysis
was proposed by Horton (1945) and Strahler (1952).
According to Strahler (1952) perennial streams having
no tributaries are termed first-order. When two equal
order streams come together, the downstream reach is
increased by an order. The main stream through which
all the discharge of the water is carried out is the highest
order stream. The study area is a 6" order drainage basin
(Figure 2). A total of 7638 streams are identified in
Tlawng river basin out of which only 3847 are 1% order
streams. There are 1848 2" order streams, 874 3" order
streams, 443 4™ order, 474 streams, 148 5" order
streams and 148 streams in the 6 order (Table 1).
According to Zaidi (2011), the topography is still
undergoing erosion if the number of stream is more,
whereas less number of streams indicates  matured
topography.

4.2

Stream number (Nu) is the number of stream segments
which exist in every order. According to Horton (1945),
the number of stream segments of every order forms an
inverse geometric relationship with order number. A
total of 6736 streams are present in the drainage basin
(Table 1). From table 1, it is clear that the number of
streams decreases with an increased stream order. The
presence of more number of streams in the basin is
expected to change the morphology of the channels at
many sections influenced by the local topography and
high discharge as observed.

4.3

Stream length (Lu) is calculated from the mouth to the
drainage divide. The total length of all streams in the
basin is 2156.45 km. The 1% order streams have a length
of 3484 km and the stream length of the 2" order is
1678 km. The length of 3 order streams is 737 km and
4™ order streams have a stream length of 359 km. Fifth
order and sixth order streams have a length of 352 and
126 km, respectively. The length of the main channel is
about 320 km. The total stream length of first order
streams is by far greater than the second, third, fourth

Stream Number

Stream Length
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fifth and sixth order streams. As proclaimed by Horton
(1945) the total stream length of respective orders
decreases with increasing order of streams. As more
number of streams is present in higher orders it
influences the channel morphology of the lower orders
in the downstream sections.

4.4  Mean Stream Length

A dimensional property showing the characteristic size
of components of a drainage network and its
contributing watershed surfaces is known as mean
stream length (Lsm) (Strahler, 1964). From table 1, it is
observed that the mean stream length ranges from 0.85-
1.97. Normally, Lsm increases with increasing stream
order, but the deviation observed may be due to slope
and topographic variation in the different segments of
the stream.

45

The mean length of the one order to the next lower order
of the stream segments is called stream length ratio (RI)
(Das et al., 2011). A difference in the stream length ratio
from one order to another order means the development
of the late youth stage of streams. The stream length
ratio in the study area varies from 0.42-1.79.

4.6

The ratio of the number of streams in a given order to
the number in the next higher order is known as
bifurcation ratio (Rb) (Horton, 1945). It is considered as
the index of relief and dissection Horton (1945). Lower
bifurcation ratio means that the drainage basin have flat
or rolling plain while high bifurcation ratio specifies
strong structural control on the drainage pattern and
have well-dissected drainage basins (Horton 1945;
Fryirs and Brierley, 2013). The bifurcation ratio of
Tlawng drainage basin ranges from 0.93 to 3.20. The
mean bifurcation ratio of the basin is 2.05. The higher
the bifurcation ratio, the shorter is the time taken for
discharge to reach the outlet. Hence peak discharge will
be high. This will lead to greater probability of flooding.
Hence, Tlawng river has a low chance of flooding as it
has a low bifurcation ratio.

4.7  Rho Coefficient

The Rho coefficient is an important factor connecting
drainage density to physiographic development of a
drainage basin. It enables the calculation of storage
capacity of drainage network (Horton, 1945). The Rho
value of the Tlawng river basin is 0.50 which indicates
low to moderate hydrologic storage during floods (Table
1). This might have some effect on the morphological
changes of the lower order channels like from 3" order
streams up to the main channel.

4.8

According to (Horton, 1945), drainage density is the
stream length per unit area in a region of watershed.
Drainage density is an important linear aspect of the
drainage basin. High drainage density reveals the highly

Stream Length Ratio

Bifurcation Ratio

Drainage Density
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dissected drainage basin and rapid hydrological
response to the rainfall events while low drainage
density reflect slow hydrological response (Selvan,
2011; Hajam et al., 2013). The study area is divided into
four classes of drainage density such as high drainage
density (> 5 km/km?) with areal extent of 27 km?
moderate drainage density (3-5 km/km?) with areal
extent of 735 km” low drainage density (1.5-3 km/km?)
of 2474 km? and very low drainage density (<1 km/km?)
occupies an area of about 2622 km?® (Figure 3). The
major part of the Tlawng drainage basin has a low
drainage density of 1.15 km/ km? covering an area of
about 2474 km? which indicate that basin area has a
resistant permeable subsurface material and a moderate
to thick vegetation cover. Also it is noticed that many
tributary streams dried up during lean season.
According to Dingman (2009), low value of drainage
density is one of the characteristics of the humid region.
Due to major extent of the low and very low drainage
density, river Tlawng can be considered as a uniform
and steady channel where velocity is almost constant
and stream pattern does not change much with time.

4.9

The total number of stream segments of all orders per
unit area is known as stream frequency (Sf) (Horton,
1932). The stream frequency value of the Tlawng river
basin is 1.30 streams / km? which shows a positive
relation with drainage density. Stream frequency
normally depends on the lithology of the drainage basin.

Stream Frequency
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The study area is divided into three frequency classes
(Figure 4), such as high stream frequency (> 5
streams/km?) with areal extent of 24 km? moderate
stream frequency (2-5 streams/km?) with areal extent of
km? low stream frequency (< 2 streams/km?) of 3259
km? Reddy et al. (2004) stated that low stream
frequency values indicate the existence of a permeable
subsurface material and low relief. As the area is
composed of permeable rocks like sandstones with an
average relief of 377 m the Tlawng river basin shows
low stream frequency.

4.10 Drainage Texture

Drainage texture (Dt) is the total number of stream
segments of all orders per perimeter of that area (Das et
al., 2011). Drainage texture of a drainage basin relies on
parameters such as climate, rainfall, vegetation, soil and
rock types, infiltration rate, relief and the stage of
development (Horton, 1945; Smith, 1950). Smith (1950)
has categorized drainage texture into five textures i.e.,
very coarse (<2), coarse (2 to 4), moderate (4 to 6), fine
(6 to 8) and very fine (>8). Areas having low drainage
density have coarse texture while areas with high
drainage density have fine drainage texture. The
drainage texture of Tlawng river basin is 0.88 (Table 3),
which falls under wvey coarse drainage texture.
According to Horton (1945), the more drainage texture
more will be dissection and results in increased erosion
which can affect the channel morphology at places.

Table 1: Stream order, stream number, stream length, mean stream length, stream length ratio, Rho co-efficient

Stream orders Stream number  Stream length  Mean stream Stream Rho co-
(Nu) (Lu) (km) length (Lum) length ratio  efficient
(km) (RL)
1 3487 3848 1.1 1.79 0.5
2 1848 1678 1.97 0.42
3 878 737 0.84 0.96
4 443 359 0.81 0.88
5 474 352 0.72 1.18
6 148 126 0.85
Total 7638 6736
Table 2. Bifurcation ratio of streams in different orders
Stream orders Number of Bifurcation ratio Mean . . Mean Rho B
streams (Rb) bifurcation ratio  RL coefficient
1 3487 2.08 2.05 1.04 0.5
2 1848 2.1
3 878 1.98
4 443 0.93
5 474 3.2
6 148
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Figure 2. Stream orders

4,11 Basin Relief

Relief is the difference in elevation of any part of the
earth’s surface or relative vertical inequality of land
surface. Relief is considered as the range in altitude
(Smith, 1935). The difference in elevation between the
highest point of a basin (H) and the lowest point on the
valley floor (h) is called basin relief (Strahler, 1957).
The lowest point is 6 m, and highest point is 1598 m and
moderate slope and moderate runoff. The relief values
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Figure 3. Drainage density

have been grouped into three categories such as 6-500 m
(low), 500-1000 m (moderate) and above 1000 m (high)
(Figure 5). The relief value 6- 500m zone occupies
about 4456 km?of the basin area, moderate relief region
of 500 to 1000 m covers maximum area of about 1239
kmZand above 1000 m high relief zone occupies about
60.3 km?of the total basin area. Major portion of the
basin area falls under low relief followed by moderate
relief and high relief zone covers the smallest area in the
basin.
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4,12 Relief Ratio

The relief ratio (R;) is the ratio between the total relief
of a basin and the longest dimension of the basin
parallel to the main drainage line (Schumm, 1956). If
the relief ratio is high it means hilly region and low ratio
pertains to pediplain and valley region (Kumar et al.,
2011). Relief ratio of Tlawng river basin is 4.75 (Table
4) indicating moderate relief and moderate slope which
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might affect channel morphology to some extent
particularly, in the lower sections.

4.13 Relative Relief

Relative relief (Rhp), according to Melton (1957) is the
ratio between the relief and perimeter of the watershed.
Relative relief has been calculated by Melton’s (1957)
which is 0.19. This signifies that the land surface has
low to moderate slopes. In accordance with the direct
relationship between relative relief and denudation rates,
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it is found that major denudational landforms are found
in the northern part (lower course) of the basin.
Denudation landforms in the northern part might affect
the channel morphology from 3™ order streams.

4.14 Ruggedness Number

Ruggedness number (Rn) is the outcome of the basin
relief and the drainage density and significantly
associate slope steepness with its length (Strahler,
1957). Exceedingly high values of ruggedness number
are found when slopes of the basin are not only steeper
but long, as well (Chow, 1964). The ruggedness number
(Rn) of Tlawng river basin is 1.83. Ruggedness number
is found to be directly proportionate to relative peak
discharge (Patton, 1988).

4.15 Sinuosity

Sinuosity is the relation between channel length and
valley length. Rivers meander in order to sustain a
channel slope in equilibrium with discharge and
sediment load. On a meandering river, sinuosity is the
ratio of channel length to valley length. According to
Keller and Pinter (2002) any tectonic deformation
changing the slope of a river valley results in a
conforming change in sinuosity to maintain the
equilibrium channel slope.

Acording to Muller (1968), channel sinuosity (S) is
the ratio between the stream length (SI) to the valley
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length (VI1), which is expressed as S = SI/ VI. Sinuosity
index can be computed as the ratio of the length of
channel to length of wvalley axis (Brice, 1964).
According to the Brice (1964), if the sinuosity index of a
reach is 1.3 or more, the reach is considered as
meandering, a straight reach is having sinuosity index of
1 and reaches which have sinuosity indices between
1.05 and 1.3 are regarded as sinuous.

The channel length (CL) of Tlawng river is 320
kilometers from source to mouth while the valley length
or air length (VL) is calculated as 230.2 kilometers.
Sinuosity index has been computed as the ratio of the
length of channel to length of valley axis - CL/VL. The
river is having a sinuosity index value of 1.39 (Figure 6;
Table 5) which is a sinuous channel (Morisawa and
Clayton, 1985). The upper course of the river has a
channel length (CL) of 102.77 kilometers and a valley
length (VL) 99.8 kilometers. It can be considered as a
sinuous channel with 1.03 sinuosity index value. With a
sinuosity index value of 1.9 (Table 6) and a channel
length (CL) and value length (VL) of 125.742 and 66.51
kilometers the middle course can be said as a
meandering channel. The channel length (CL) and
valley length (VL) of the lower course is 89.689
kilometers and 67.96 kms, respectively. Its sinuosity
index value is 1.31 (Figure 7, 8 and 9).

Table 3. Drainage density, stream frequency, drainage texture

Drainage density Area Stream frequency ~ Area  Drainage
(km/km?) (km?) (number/km?) (km?)  texture
<1 2622 <2 3259
1.5-3 2474 02-May 2575 0.88
03-05 735 >5 24
>5 27

Table 4. Relief ratio, relative relief and ruggedness number

Relief ratio (R,)

Relative relief (Rhp)

Ruggedness number(Rn)

4.75 0.19

1.83
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Table 5. Classification of Channel Pattern in terms of Sinuosity Index (Morisawa and Clayton, 1985)

Type

Sinuosity

Straight
Sinuous
Meandering
Braided

Anastomosing

<1.05
> 1.05
> 15

>1.3
>20

Table 6. Sinuosity index

Section Channel length (km) Valley length (km) Sinuosity index
Upper 102.77 99.8 1.03
Middle 125.742 66.51 1.9
Lower 89.689 67.96 1.31
Source to mouth 320 230.2 1.39

5 CONCLUSION

The sinuosity and morphometric parameters estimated
using GIS helped us to comprehend several terrain
characteristics like nature of the bedrock, infiltration
capacity, runoff, etc. The area is having a permeable sub
surface. Due to low bifurcation ratio the river has low
potentials of flooding. A total 6736 streams are
identified in Tlawng river basin which indicates that the
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topography is still undergoing erosion (Zaidi, 2011).
The stream frequency is low which is showing a positive
relation with drainage density. Due to major extent of
the low and very low drainage density Tlawng river can
be considered as a uniform and steady channel where
velocity is almost constant and stream pattern does not
change much with time. The study will be useful for
flood management, ground water assessment, soil
erosion assessment and water resource management.
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Rbm: Mean bifurcation ratio; Rh: Relief Ration; Rhp:
Relative Relief, Rn: Ruggedness number; RL: Stream
Length Ratio; Rt: Drainage texture; S:  Channel
sinuosity; Cl: Channel Length; VI: Valley Length.

CONFLICT OF INTEREST

The authors found no conflict of interest.

ACKNOWLEDGEMENTS

The authors are very grateful to the reviewers for their
guidance, valuable suggestions, inspiration and their
untiring perseverance for the improvement in the draft.

REFERENCES

Brice, J. C., 1964. Channel pattern and terraces of the Loup
River in Nebraska; US Government Printing Office:
Washington, DC, USA, 1964.

Chow, V. T. 1964. Handbook of Applied Hydrology.
McGraw-Hill Book Company, New York.

Clarke, J. I, 1966. Morphometry from maps, Essays in

geomorphology, Elsevier Publ. Company, New York,

235-274.

A., Mondal, M., Das, B., and Ghosh, A. R., 2011.

Analysis of drainage morphometry and watershed

prioritization in Bandu Watershed, Purulia, West Bengal

through remote sensing and GIS technology- A case

study. Int J Geomat Geosci., 2(4), 995-1013.

Davis, W. M., 1913. Meandering valleys and Underfit Rivers.
Annals of the Association of American Geographers, 3,
3-28. DOI: https://doi.org/10.2307/2560688

Dingman, S. L., 2009. Fluvial Hydraulics. New York: Oxford
University Press, 20-94.

Friedkin, J. F., 1945. A Laboratory Study of the Meandering
Of Alluvial Rivers, U. S. Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi.

Fryirs, K. A. and Brierley, G. J., 2013. Geomorphic Analysis
of River Systems: An Approach to Reading the
Landscape, John Wiley & Sons, Ltd, The Atrium,
Southern Gate, Chichester, West Sussex, PO19 8SQ,
UK.

Hajam, R. A., Hamid, A. and Bhat, S., 2013. Application of
morphometric analysis for geo-hydrological studies
using geo-spatial technology — A case study of Vishav
drainage basin. Hydrology Current Research, 4 (3), 157.
DOI: https://doi.org/10.4172/2157-7587.1000157

Horton, R. E., 1932. Drainage basin characteristics.
Transactions of American Geophysics Union, 31, 350-
361. DOI: https://doi.org/10.1029/TR013i001p00350

Horton, R. E., 1945. Erosional development of streams and
their drainage basins: Hydrophysical approach to
quantitative morphology. Geological Society of America
Bulletin, 56 3), 275-370. DOl:

Das,

31

D. A. Lalramchulloa et al.

https://doi.org/10.1130/0016-
7606(1945)56[275:EDOSAT]2.0.CO;2

Keller, E.A. and Pinter, N., 2002. Active Tectonics,
Earthquakes, Uplift and Landscape. Prentice Hall, New
Jersey.

Kumar, A., Jayappa, K. S. and Deepika, B., 2011.
Prioritization of sub-basins based on geomorphology and

morphometricanalysis using remote sensing and
geographic  informationsystem  (GIS)  techniques.
Geocarto Int, 26(7), 569-592. DOl:

https://doi.org/10.1080/10106049.2011.606925

Melton, M. A., 1957. An analysis of the relations among
elements of climate, surface properties and
geomorphology. Project NR 389042, Tech. Rep. 11,
Columbia University.

Morisawa, M. and K. M. Clayton 1985. Rivers: Form and
process. London; New York : Longman.

Mueller, J. E., 1968. An Introduction to the Hydraulic and
Topographic ~ Sinuosity Indexes. Annals of the
Association of American Geographers, 58 (2), 371-385.
DOl: https://doi.org/10.1111/].1467-
8306.1968.tb00650.x

Nag, S. K., 1998. Morphometric analysis using remote sensing
techniques in the Chakasub basin Purulia district,
West Bengal. Jour. Indian Soc. Remote Sensing, 26, 69-
76. DOI: https://doi.org/10.1007/BF03007341

Nag, S. K., and Chakraborty, S., 2003. Influence of rock types
and structures in the development of drainage network in
hard rock area. J Indian Soc Remote Sens. 31(1), 25-35.
DOI: https://doi.org/10.1007/BF03030749

Narendra, K., and Nageswara R., K., 2006. Morphometry of
the Mehadrigedda watershed, Visakhapatnam district,
Andhra Pradesh using GIS and Resourcesat data. Jour.
Indian  Soc.  Remote Sensing, 34, 101. DOL:
https://doi.org/10.1007/BF02991815

Patton, P. C., 1988. Drainage basin morphometry and floods.
In: Baker, V., Kochel, R. and Patton, P., Eds., Flood
Geomorphology, Wiley, New York, 51-65.

Reddy, O. G. P., Maji, A. K. and Gajbhiye, S. K., 2004.
Drainage morphometry and its influence on landform
characteristics in a basaltic terrain, Central India- A
remote sensing and GIS approach. Int J Appl Earth Obs
Geoinformatics, 6, 1-16. DOI:
https://doi.org/10.1016/j.jag.2004.06.003

Schumm, S. A., 1956. Evolution of drainage systems and
slopes in badlands at Perth Amboy, New Jersey.
Geological Society of America Bulletin, 67, 597-646.
DOI: https://doi.org/10.1130/0016-
7606(1956)67[597:EODSAS]2.0.CO;2

Selvan, M. T., Ahmad, S. and Rashid, S. M., 2011. Analysis of
the Geomorphometric parameters in high altitude
Glacierised terrain using SRTM DEM data in Central
Himalaya, India. ARPN J Sci Technol, 1(1), 22-27.

Smith, G. H., 1935. The relative relief of Ohio. Geog. Rev. 25,
272-284. DOI: https://doi.org/10.2307/209602

Smith, K. G., 1950. Standards for grading textures of erosional
topography. American Journal of Science, 248, 655-668.
DOI: https://doi.org/10.2475/ajs.248.9.655

Strahler, A. N., 1952. Hypsometric (area-altitude) analysis of
erosional topography. Geological Society of America
Bulletin, 63(11), 1117-1142. DOI:
https://doi.org/10.1130/0016-
7606(1952)63[1117:HAAQET]2.0.CO;2

Strahler, A. N., 1957. Quantitative analysis of watershed
geomorphology. Trans. Amer. Geophys. Union., 38(6).
DOI: https://doi.org/10.1029/TR038i006p00913


http://www.indianjournals.com/ijor.aspx?target=ijor:ijggs&volume=2&issue=4&article=006
http://www.indianjournals.com/ijor.aspx?target=ijor:ijggs&volume=2&issue=4&article=006
http://www.indianjournals.com/ijor.aspx?target=ijor:ijggs&volume=2&issue=4&article=006
http://www.indianjournals.com/ijor.aspx?target=ijor:ijggs&volume=2&issue=4&article=006
http://www.indianjournals.com/ijor.aspx?target=ijor:ijggs&volume=2&issue=4&article=006
https://www.jstor.org/stable/2560688?seq=1
https://www.jstor.org/stable/2560688?seq=1
https://www.jstor.org/stable/2560688?seq=1
https://www.hilarispublisher.com/open-access/application-of-morphometric-analysis-for-geo-hydrological-studies-using-geo-spatial-technology-2157-7587.1000157.pdf
https://www.hilarispublisher.com/open-access/application-of-morphometric-analysis-for-geo-hydrological-studies-using-geo-spatial-technology-2157-7587.1000157.pdf
https://www.hilarispublisher.com/open-access/application-of-morphometric-analysis-for-geo-hydrological-studies-using-geo-spatial-technology-2157-7587.1000157.pdf
https://www.hilarispublisher.com/open-access/application-of-morphometric-analysis-for-geo-hydrological-studies-using-geo-spatial-technology-2157-7587.1000157.pdf
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/TR013i001p00350
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/TR013i001p00350
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/TR013i001p00350
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/56/3/275/4075/EROSIONAL-DEVELOPMENT-OF-STREAMS-AND-THEIR?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/56/3/275/4075/EROSIONAL-DEVELOPMENT-OF-STREAMS-AND-THEIR?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/56/3/275/4075/EROSIONAL-DEVELOPMENT-OF-STREAMS-AND-THEIR?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/56/3/275/4075/EROSIONAL-DEVELOPMENT-OF-STREAMS-AND-THEIR?redirectedFrom=fulltext
https://www.tandfonline.com/doi/abs/10.1080/10106049.2011.606925
https://www.tandfonline.com/doi/abs/10.1080/10106049.2011.606925
https://www.tandfonline.com/doi/abs/10.1080/10106049.2011.606925
https://www.tandfonline.com/doi/abs/10.1080/10106049.2011.606925
https://www.tandfonline.com/doi/abs/10.1080/10106049.2011.606925
https://apps.dtic.mil/dtic/tr/fulltext/u2/148373.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/148373.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/148373.pdf
https://apps.dtic.mil/dtic/tr/fulltext/u2/148373.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-8306.1968.tb00650.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-8306.1968.tb00650.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-8306.1968.tb00650.x
https://link.springer.com/article/10.1007%2FBF03007341
https://link.springer.com/article/10.1007%2FBF03007341
https://link.springer.com/article/10.1007%2FBF03007341
https://link.springer.com/article/10.1007%2FBF03007341
https://link.springer.com/article/10.1007/BF03030749#:~:text=The%20parameters%20worked%20out%20include,so%20affected%20by%20tectonic%20disturbances.
https://link.springer.com/article/10.1007/BF03030749#:~:text=The%20parameters%20worked%20out%20include,so%20affected%20by%20tectonic%20disturbances.
https://link.springer.com/article/10.1007/BF03030749#:~:text=The%20parameters%20worked%20out%20include,so%20affected%20by%20tectonic%20disturbances.
Narendra,%20K.,%20and%20Nageswara R.,%20K.,%202006.%20Morphometry%20of%20the Mehadrigedda%20watershed,%20Visakhapatnam%20district,%20Andhra%20Pradesh%20using%20GIS%20and%20Resourcesat data.%20Jour.%20Indian%20Soc.%20Remote Sensing,%2034,%20101.
Narendra,%20K.,%20and%20Nageswara R.,%20K.,%202006.%20Morphometry%20of%20the Mehadrigedda%20watershed,%20Visakhapatnam%20district,%20Andhra%20Pradesh%20using%20GIS%20and%20Resourcesat data.%20Jour.%20Indian%20Soc.%20Remote Sensing,%2034,%20101.
Narendra,%20K.,%20and%20Nageswara R.,%20K.,%202006.%20Morphometry%20of%20the Mehadrigedda%20watershed,%20Visakhapatnam%20district,%20Andhra%20Pradesh%20using%20GIS%20and%20Resourcesat data.%20Jour.%20Indian%20Soc.%20Remote Sensing,%2034,%20101.
Narendra,%20K.,%20and%20Nageswara R.,%20K.,%202006.%20Morphometry%20of%20the Mehadrigedda%20watershed,%20Visakhapatnam%20district,%20Andhra%20Pradesh%20using%20GIS%20and%20Resourcesat data.%20Jour.%20Indian%20Soc.%20Remote Sensing,%2034,%20101.
https://www.sciencedirect.com/science/article/abs/pii/S0303243404000352
https://www.sciencedirect.com/science/article/abs/pii/S0303243404000352
https://www.sciencedirect.com/science/article/abs/pii/S0303243404000352
https://www.sciencedirect.com/science/article/abs/pii/S0303243404000352
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/67/5/597/4811/EVOLUTION-OF-DRAINAGE-SYSTEMS-AND-SLOPES-IN?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/67/5/597/4811/EVOLUTION-OF-DRAINAGE-SYSTEMS-AND-SLOPES-IN?redirectedFrom=fulltext
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/67/5/597/4811/EVOLUTION-OF-DRAINAGE-SYSTEMS-AND-SLOPES-IN?redirectedFrom=fulltext
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.674.644
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.674.644
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.674.644
http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.674.644
https://www.jstor.org/stable/209602
https://www.jstor.org/stable/209602
https://www.ajsonline.org/content/248/9/655
https://www.ajsonline.org/content/248/9/655
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/63/11/1117/4477/HYPSOMETRIC-AREA-ALTITUDE-ANALYSIS-OF-EROSIONAL
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/63/11/1117/4477/HYPSOMETRIC-AREA-ALTITUDE-ANALYSIS-OF-EROSIONAL
https://pubs.geoscienceworld.org/gsa/gsabulletin/article-abstract/63/11/1117/4477/HYPSOMETRIC-AREA-ALTITUDE-ANALYSIS-OF-EROSIONAL
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/TR038i006p00913
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/TR038i006p00913

J. Geographical Studies, 5(1), 22-32, 2021.

Strahler, A. N., 1964. Quantitative geomorphology of drainage
basins and channel networks. In: VT Chow (ed.),
Handbook of applied hydrology. McGraw Hill, New
York, 4.39-4.76.

Zaidi,

*kkkkk

32

D. A. Lalramchulloa et al.

F. K., 2011. Drainage basin morphometry for
identifying zones for artificial recharge: A case study
from the Gagas river basin, India. Journal Geological
Society of India, 77, 160-166. DOI:
https://doi.org/10.1007/s12594-011-0019-2


https://link.springer.com/article/10.1007/s12594-011-0019-2#:~:text=In%20the%20present%20study%20an,in%20the%20basin%20were%20identified.
https://link.springer.com/article/10.1007/s12594-011-0019-2#:~:text=In%20the%20present%20study%20an,in%20the%20basin%20were%20identified.
https://link.springer.com/article/10.1007/s12594-011-0019-2#:~:text=In%20the%20present%20study%20an,in%20the%20basin%20were%20identified.
https://link.springer.com/article/10.1007/s12594-011-0019-2#:~:text=In%20the%20present%20study%20an,in%20the%20basin%20were%20identified.

	1 INTRODUCTION
	2 MATERIALS AND METHODS
	3 STUDY AREA
	4 RESULTS AND DISCUSSION
	4.1 Stream Orders
	4.2 Stream Number
	4.3 Stream Length
	4.4 Mean Stream Length
	4.5 Stream Length Ratio
	4.6 Bifurcation Ratio
	4.7 Rho Coefficient
	4.8 Drainage Density
	4.9 Stream Frequency
	4.10 Drainage Texture
	4.11 Basin Relief
	4.12 Relief Ratio
	4.13 Relative Relief
	4.14 Ruggedness Number
	4.15 Sinuosity

	5 CONCLUSION
	ABBREVIATIONS
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES

