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ABSTRACT

The present study deals with the GIS-based morpinecmanalysis of Gandeshwari drainage basin.
For extraction of the river basin and its streamtwerks, ASTER (DEM) with SRTM Data and Survey dialn
Topographical Map of 1: 50000 scales have been.uskdphometric parameters of linear, areal and e¢laspects viz.
Stream order, bifurcation ratio, stream length, ihk@ge density, drainage frequency, circularity catiform factor
analysis, relative relief, slope analysis etc. apdculated for analysis. The gandeshwari river baisibasically a ¥ order
drainage basin in the elongated shape. The totahaf the basin is 388.60 kiand the drainage pattern is Dendritic. The
mean bifurcation ratio of this basin is 2.494; stdue to its varying topography and lithologicahdiion. The average
drainage density of the basin is 12.8 *krithis study would be important to understand tkasilb morphological

characteristics, its hydrological response, andowgge utilization.
KEYWORDS: Morphometric Analysis, River Basin, SRTM Data, DHMpographical Map, Hydrological Response
INTRODUCTION

Geomorphology deals with the origin and evolutidntapographic features and morphology deal with the
guantitative determination of landforms. The quatitte descriptions of the landforms are called tptaometry’.
Morphometry is defined as the measurement and mmettieal analysis of the configuration of the eathurface and of
the shape and dimension of its landforfAgarwal, 1998, Reddy et al, 2002)A drainage basin is a hydrological entity.
By which all surface water can sink into a poirtieTdrainage basin is highly valuable in morphoroetrialysis. Basically,
morphometric analysis tries to find out the relasibip between morphometric characteristics of arrivasin and the
climate, relief, Lithology, structure and tectorgondition of that particular placédorton (1932) was the first who
introduced the morphometric analysis of river baaimd elaborated by Strahler (1957), Smith (1945i)leM(1953),
Schumm (1956), Morisawa (1962) and Leopold (19@4)se who later established the quantitative flugEomorphic
research.

Now a day, morphometric analysis technique is ugsedarious fields like resource management, mitigat
geo-environmental hazard, watershed managementawdntrol floods. This technique also applied t@leate the

potentiality of groundwater and hydrological belwof watersheds. Watershed of a river basin gization for soil and
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water conservation measurement was accomplishedviaral parts of India. According to S.D.Vikhe &.[. A. Patil
(2016), GIS is an efficient tool in the delineatioidrainage pattern and groundwater potentialigpping. Those tools are

very helpful as resources.
Location of the Study Area

Gandeshwari River is one of the most importantutdbies of Dwarkeshwar River with an area 221.69%m.
The study area is extent between 23°12'55”N to @F3'N and from 86°52'27"E to 87°07°'27"E. The rivéotally flows
through the Bankura district, West Bengal. It iefabank tributary of Dwarkeshwar River with adbtength of 47.3 km.
The river is originated from Upargara of Chhatnadgl in the district of Bankura and meets with Dvesthwar River at
Bhutsahar near Bankura District. The river has oedethe following blocks respectively Chhatna, Bamakl and

Bankura-1l Block of Bankura District. The directiof Gandeshwari river is north-west to south-east Source to sink).
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Figure 1: Location Map of the Study Area
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Physical Environment

The Gandeshwari river basin is located in the nartktern part of Bankura district. The upper pathe basin is

actually a part of the lower Purulia upland anahéets in the southern plain land with DarkeswaeRof Bankura district.

The basin has a diversified geological structurestvpart of the basin, mainly the middle part whick underlying by

pink granite or biotic granite, gneiss of Archeaeripd and the southern part of the basin. Nearcthafluence is

underlined by sandy alluvium deposition. The baisinunderlined with six different types of rocks.i.&rabboie

Anorthosite, Pyroxene, Granulite, Biotite Graniteeiss, Granite Gneiss, Felspathic schist and rexzamd, silt, and clay.

Lineaments are shown mainly in the lower middléoteer upper course of the basin.
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Figure 2: Geology of the Study Area

(Source: Geological Survey of India)

The basin area, as a part of Bankura district,ex@&rienced the monsoon climatic condition. Acaogdio the

weather report of Alipore, West Bengal, in thisaar&400 millimeters rainfall has occurred in thentt of June to

September.
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Figure: 3. Climate
(Source: Alipor, West Bengal)

Objectives
* The main objective of this study is to analyzelihsin Morphometric characteristics of GandeshwamiR
» To find out the relation between Geological stroetand drainage pattern.
e Tofind out the relation between relief structunel @rainage pattern.

METHODOLOGY

In this present study, the morphometric charadtesihiave been analyzed using the remote sensiagrda GIS
environment. To demarcate the Gandeshwari riveinbas the Topo map of 731/15, 731/3 and 73I/4 witte scale of
1:50000 have been used. ASTER DEM 30 m. (USGS/NA&AJ the SRTM data have been applied to extract the
streamlines and relief features. Standard formuilase been used to calculate the morphometric paeasnef
Gandeshwari river basin (table-1). On the basth@de calculations, different morphometric mapiag been done using
the GIS software (TNTmips Pro 2014, Arcgis10.3.3).

Tablel: Linear, Areal and Relief Morphometric Parameters used for Gandeswari River Watershed

Aspects Parameter Formula References
Stream order (U) Hierarchial rank Strahler (1964)
Stream length (Lu) Length of the stream Horton 8)94
Linear Mean stream Iength (Lsm) Lsm = Lu/Nu Strahler (1964
aspect Stream length ratio (RL) RL = Lu/(Lu - 1) Horton9d45)
Bifurcation ratio (Rb) Rb = Nu/Nu? 1 Schumn (1956)

Rbm = average of bifurcation

Mean bifurcation ratio (Rbm) ratios of all order

Strahler (1957)

Drainage density (Dd) Dd = Lu/A Horton (1945)
Drainage texture (T) T=Dd9Fs Smith (1950)
Areal Stream frequency (Fs) Fs = Nu/A Horton (1945)
aspect Elongation ratio (Re) Re = D/L = 1.128HA/L Schumb6)
Circulatory ratio Rc = 4pA/P2 Strahler (1964)
Form factor (Ff) Ff=A/L2 Horton (1932)
Length of overland flow(Lg) Lg=1/D92 Horton (4%9)
Relief Relief R=H-h Hadley and Schumn (1961)
aspect Relief ratio Rr = R/L Schumn (1963)

Source:Savindra Singh (1981)
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Figure 4: Flow Diagrams of Research Methodolog
RESULTS AND DISCUSSIONS

Generally, Morphometric analysis is the quantitidescription and analysis of landforms as pradtioe
Geomorphology that may be applied to a particuiad lof landform or to drainage basins and largéoregy In this study,
an attempt has been made to correlate the statipgcameters defining drainage basin characiesiatid basin hydrology

of Gandeshwari river basin. All the parameters Haa@n categorized into linear aspect, areal aspedtrelief aspect

Table 2: Results of Morph Metric Analysis

Parameter Result
SINUOSITY INDEX 1
MEAN BIFURCATION RATIO 2.494
STREAM ORDER & FREQUENCY 1st-959,2nd-434,3rd-92;4#h5th-5,6th-2,7th-1
AREA OF THE BASIN 388.60 sg.km
PERIMETER OF THE BASIN 117.5k.m
BASIN LENGTH 475 k.m
ELONGATION RATIO 0.13
CIRCULATION RATIO 0.11
FORM FACTOR 0.13
DRAINAGE TEXTURE 12.85
AVERAGE DRAINAGE DENSITY 12.34

SourceComputed by Author
Linear Aspects
Linear Aspects of the basins are related to thamdigpattern of the drainage network.
Stream order & Stream Number

The Gandeshwari river basin area is"arder drainage basin. In this study, the highestlrer of the stream is
found on pyroxene granulise rocks. Highest numibérstreams are found ir''lorder (959) and the lowest position is
occupied by 7 order with one stream. The number of streams dsegewith increasing of stream order. The number of

streams decreases towards the alluvial plains fiateau areas (Table: 2). The drainage patterhefiver is dendrite
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because the tributary rivers meet with the maiastréen acute angle and the mainstream is flowingaiiog to the

regional slope (Figure 5).
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Figure 5: Stream Order & Stream Number

Bifurcation Ratio (Ry,)

Bifurcation Ratio may be defined as the ratio ofuamber of streams given an order to humber streamext
higher order (Schumn1956). Bifurcation ratio is ian@hsionless property of drainage basin and is csgg to be
controlled by drainage density, stream entranceleaniithological characteristics, basin shapes,irbaeas etc
(...Sing2014). According to Sing et.al (1984) méufrcation ratio show a stable trend in a regidruiform geologic
structure and lithological condition but they sheariable trends over varying geological structuRe.Horton (1945)

mentioned that mean bifurcation ratios vary frorowtt2.0 for the flat or rolling basin to 3.0 to 4dF mountainous, hilly
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dissected basin. In the present study, the elodgandeshwari river basin has developed over thsedied rolling

topography with a diversified lithological conditioAfter the calculation of bifurcation ratio ofishbasin, it is found that
the bifurcation ratio is varying with the increagiaf order, i.e. bifurcation ratio betweefi dnd 2° order is 2.2, between
2" and 3 order is 4.66, betweeri®and 4 order, is 5.11 and ratio betweefi@nd 8" order is 2.83 and bifurcation ration
between % and &'is 1.66 and Band 7' order is 1. The mean bifurcation ratio of thisibas 2.494, it is due to its varying

topography and lithological condition (Table: 2).
Sinuosity Index

The analysis of deviation of the course of drainkige from the straight path is called Sinuositymiay help to
study the effect of terrain characteristics on ther course and vice versa. Here the sinuosityexndalue of the

Gandeshwari river is 1 (Table: 2). It indicates tiv@ course of Gandeshwari River is straight iturea
AREAL ASPECTS

It deals with the total area projected upon a lomtial plane contributingverland flow to the channel segment of
the given order and includes all tributaries of ltheer order Basin area is depended upon the morphometric atigrits it

is related to the spatial distribution of a numbka significant attribute such as drainage densttgam frequency etc.
Drainage Density (1)

According to Horton (1932) Drainage density (Ddkrs to total stream length per unit area. It &sritio of total
channel segment length cumulated for all orderkiwia basin to the basin area. According to thergephologists like
melton (1957),R.J.Chorley(1957),Carlton(1963),Qott®64),Sing et.al(1974) the spatial variation fiaidage density has
been related to precipitation effectiveness, vdmetaindex, permeability of train, rainfall inteiygi geological and
lithological structure, Vegetation cover etc. Lovaitlage density leads to coarse drainage texturah(8rv1964). In this
study, the total Gandeshwari basin has been diviitedhree classes on the basis of drainage gensitLow (-0.78-.00),
Medium (0.00-0.01) and high (0.01-8.02). In the eipand lower portion of the drainage basin, théndige density is low
due to the presence of highly permeable subsoikmaht dense vegetation cover and low relief. Oa ¢ther hand,
Moderate to high Phas been observed in the upper and middle pdhiedbasin due to the presence of impermeable sub-
surface materials, sparse vegetation and high ragurglief (Figure 6.a). The average drainage dgoéithe Gandeswari
drainage basin is high i.e. 12.3Kfable-2) which clearly indicates that the basis law infiltration of water and high
overland flow.

Drainage Texture

According to Smith (1950), Drainage texture mednms ftelative spacing of drainage lines. He had iflads

drainage texture into five different texture classe

Table 3: Drainage Texture

Class Characteristics
> 0.8,Dt,c Very Coarse drainage texture
0.8-0.6,D¢ Moderate drainage texture
0.6-0.4,Df, Fine drainage texture
Table 3: Contd.,
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0.4-0.2,Dt fine drainage texture
0.2-0.001,D§= | Very fine drainage texture
Source: ( Savindra Singh, 1981)

Here the Drainage Texture value is 12.85 (Tablewlich indicate that the Gandeshwari Basin areaahesry
fine drainage texture. A large number of tributarleave been closely streamed with each other aldtigthe main

channel.
Stream Frequency (k)

It depends mainly on the lithological structuretloé basin that reflects the texture of the drainagevork. It
related to rock structure, infiltration capacityggetation cover, relief, nature and amount of fedlirand subsurface
material permeability of basins. The study basis @en classified into three classes on the basisemam frequency i.e.,
Low (-0.0025-.0000), Medium (.0000-.0001) and h{d001-.0174). The low stream frequency is obseinatie eastern
side and lower part of the basin. Medium streamueaicy is observed mostly in northeastern to nagtit@rn part of the
middle portion. Similarly, the highest stream fregay is observed in the upper middle portion (Fegéub). So the stream

frequency established that this river basin is agireg throughout both plateau and plain areas.
Form Factor (F)

The form factor may be defined as the ratio of dhea of the basin and square of basin length (HD&82).
According to him, the form factor value varies fr@thighly elongated shape) to the unit 1(perfentutar). Here the F

value is 0.13(Table-2) which indicates that the @ssiwhari Basin is most probably elongated in shape
Circulatory Ratio (R¢)

The circulation Ratio is influenced by the lengttddrequency of streams, geological structures] lase, climate
and slope of the basin. The value of circulatotjoraaries from 0 to 1. The circulatory ratio of i@eshwari river basin
area is 0.11(Table: 2).The structural control @ilage is probably responsible for the low valuiesircularity ratio. The

lower circulatory ratio represents an elongatednbasd the higher represents the more circulatbaps.
Elongation Ratio (R)

Schumn (1956) defined elongation ratio (Re) asrti® of the diameter of a circle of the same aseahe
drainage basin and the Maximum length of the baBie values of Rvaries from 0 (in high elongated shape) to 1 (in
circular type). Circular- More than 0.90val-0.9-0.8, &Elongated-Less than 0.8)

The Elongation Ratio value of Gandheswari riverih@s 0.13(Table: 2), indicating a sharp elongatkdpe with

low relief.
Constant of Channel Maintenance

In the Gandeshwari river basin has been classifiege classes on the basis of constant of chanaitemance
i.e. Low (123-281), moderate (281-321) and highl¢322). A low constant of channel maintenance leas $n the most
part of the river basin, mainly in the middle partd a lower portion of the basin it is becauseigh tpermeable rock
surface, dense forest cover and low relief of ttemaA moderate constant of channel maintenancédéms seen in the

foothills of the high elevated areas, mainly wastand eastern part of the basin. A high constachahnel maintenance
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has been found in the eastern and western paheofiter basin due to the impermeable rock surfaparse vegetation

and high mountain relief of that region (Figure)6.c

Length of Overland Flow (Lg)

The Length of overland flow of a river is one oktmost important variables which affecting hydrawind

physiographic developments of drainage basins. Her&andeshwari river basin has been classifiedtimee classes on
the basis of length of overland flow i.e. Low (45.828.14), Moderate (128.14-201.62) and High (2B1385.10). High
‘Lg’ has been observed in the upper western and Mild&tern part of the basin that indicates the yaustage of the
river in these portions of this basin. Moderatdoto Lg has been observed in most parts of the basinraaé@y middle

and lower portion that indicates the maturity & tiver basin.Eigure 6.d)
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Figure 6: a. Drainage density, b. Stream Frequency. Constant of

Channel Maintenance &d. Length of Overland Flow
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The relief aspects of the drainage basin are kkladethe study of three-dimensional features of blasins
involving area, volume, and altitude of the veittidanension of landforms where different Morphonetmethods are

used to analyze terrain characteristics, whichlaeesult of basin process.
Relative Relief

Theterm relative relief means the actual variatiorheight i.e. difference between the maximum heigiut #ne
minimum height in per grid. Relative relief is thechnique which is effectively capable of presemtie relief
characteristics without considering sea level (BjritP92).The first time a scientific and systematic study ofgtlwas
done by Smith (1935). Relative relief is a very artant Morphometric variable which is used for therall assessment

of morphological characteristics of terrain andréegof dissection.

The Gandeshwari river basin has been classifiedtimee classes on the basis of relative relieé felative relief ranges
from 7m to 336m. Relative relief in the upper aadér part is low because the upper portion of th&irbarea is made of
high resistant rocks (Granite) and lower part & Hasin is mainly a low depositional plain landrieer Gandeshwari.
High relative relief has seen in the middle parthef basin mainly near the ‘Susunia’ hill regioniethrepresents highly

undulated and eroded topography (Figure 6.a).
Ruggedness Index

Ruggedness index is the product of maximum badief f¢1) and drainage density (Dd), where both pagters
are in the same unit. An extremely high value @fgedness number occurs when both variables are ¢arg) the slope is
steep (Strahler, 1956). The Gandeshwari river basolassified into three classes i.e. low (-0.9408, moderate (0.09-
0.39) and high (0.39-8.40). The ruggedness indé&xevia low mostly in upper eastern part, middletvwaxl lower eastern
part of the basin because of less undulation asglrieughness area. High and Moderate ruggednemss wadlie is seen in

the middle part of the basin which indicates thét area is highly eroded and undulated (Figurg 6.b
Slope Map

A slope is an area of land that makes a definitgeato the horizontal landscape. Strahler (1964ressed “the
inclination or gradients of the surface of a basiterms of maximum valley side slope, measurethtetval along the
valley walls in the steepest part if the contouhogonal running from divides to adjacent steannabs”. Penk (1953)
emphasis to work on the slope, forms, and anglepaodess through waxing and waning developmentirigahe stage
of pediplanation and the recent quantitative apghea and method of morphometric evolution of am.afderefore, hill

slope is an important component of the complexdaage that forms a drainage basin (Chorley, 1958).

The Gandeshwari river basin has been classifienl timtee classes on the basis of slope i.e. Low0{0.80),
Medium (1.50-3.17) and high (3.17-34.75). The slopéhe basin is low in the upper western and eagiart and lower
part because of less erosion and presence of fitiekt cover. The slope of the basin is high inrtfiddle part. This area

is associated with deforestation and excessiveofasil loss. (Figure 6.d).
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CONCLUSIONS

In the present study morphological features of @améri drainage basin are being extracted utilizatgllite
Imagery and analysis of assessing for the draipagiern. Different morphometric analysis has beenedthrough the
measurement on linear, areal and relief aspedtsedbasin. The basin is & @rder drainage basin, covering 388.60sq km.
The mean Bifurcation ratio is 2.494. So it indicathat the topography of the basin is rolling irtun@ and highly
dissected. The elongated shape of the basin ssgipstthe basin area is under a wide varietyiofatic and geological
regime. The mean drainage density (12.24sq kmgates that the drainage basin is mature and ex#sinel system is

well developed.
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