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Abstract

Vrishabhavathi Watershed is a constituent of the Arkavathi River Basin, Bangalore Urban and Ramanagara District and covers
an area of 381.465Kn7, representing seasonally dry tropical climate. To achieve the Morphometric analysis, Survey of India
(SOl) topomaps in 1:50000 scales are procured and the boundary line is extracted by joining the ridge points. This will serve as
study area or area of interest for preparing base map and thematic maps. The recent changes are updated with the help of Remote
sensing satellite data. The drainage map is prepared with the help of Geographical Information System tool and morphometric
parameters such as linear, aerial and relief aspects of the watershed have been determined. These dimensionless and dimensional
parametric values are interpreted to understand the watershed characteristics. From the drainage map of the study area dendritic
drainage pattern isidentified. Srahler (1964) stream ordering method is used for stream ordering of the watershed. The drainage

density of the watershed is 1.697 km/kn®.

Index Terms: Morphometric analysis, Remote Sensing, GIS, SOl Topomap and Vrishabhavathi Watershed
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1. INTRODUCTION

Water is known as the liquid for sustenance of. lifdl
living beings are depending on water, without whichlife
exists on the earth. Earth has plentiful water tmehe
presence of Hydrological cycle on it, but most tofsi unfit
for living beings use and consumption. The studythaf
watershed morphometric analysis provides the beaéfi
parameters for the assessment of the ground watental
zones, identification of sites for water harveststgictures,
water resource management, runoff and geographic
characteristics of the drainage system. Morphomistrthe
measurement and mathematical analysis of the amafign

of the earth's surface, shape, dimension of itslftams
(Clarke, 1966). The Morphometric analysis consisfs

linear, Aerial and relief aspects.

For the present study Remote Sensing (Lillisand nidm
2002) and Geographical Information System (GIS) ba
used as tools for managing and analyzing the dlyatia
distributed informations. Arc GIS and QGIS are pdwe
softwares to analyze, visualize, update the gedgap

information, and create quality presentations thratgs the

power of interactive mapping and analysis. Many
researchers have done morphometric analysis ussngpk
Sensing and GIS technique. (Shakil Ahmad et afl22®as
used Geoinformatics for assessing the morphomedritrol

on hydrological response at watershed scale inughzer
Indus Basin. (Sangita Mishra et al., 2010) hasgmesl a
case study of Morphometric analysis and Watershed
prioritization of Tel river using Remote sensingda@|S
technique. (Vandana M, 2012) carried out morphoimetr
analysis for Kabini River basin and morphometrialgsis

is used as a tool for prioritization of sub watedhn the
basin. (Magesh N S, 2013) used Geoinformatics for
extraction of river basin and carried out morphaiet
analysis for that extracted river basin. (BalaknshH B,
2008)

Tippagondanahalli River basin for prioritization &b

carried out morphometric  analysis  for

watersheds.

2. STUDY AREA

Vrishabhavathi Watershed is a constituent of Arkiava
River Basin, Bangalore Urban and Ramanagara Distrid
covers an area of 381.465 Kiying between latitudes 12
44' 37 to 13 2" 31 N and longitudes 723" 14 to 77
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34* 59" E. Vrishabhavathi River is originated from Peenya
industrial area with an altitude of 930.250 m abanean
sea level. As per the data normal annual raingaéived by
the study area is 831mm. The geology of the study &
characterized by the granite gneiss. Fig 1 shows th

Location Map of the Study area.

LOCATION MAP OF STUDY AREA N
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Fig-1: Location Map of Study area

3. METHODOLOGY

For the study outlet is taken at Vrishabhavathi dResr
situated at Byramangala village of Ramanagara Taluk
Ramanagara District. The Fringe point is obsereldlinck

of Peenya industrial area. A common task in hydypls to
delineate a watershed from a topographic map. dcetthe
boundary, one should start at the outlet Vrishabtiav
Reservoir and then draw a line away on the leftkban
maintaining it always at right angles to the conttines.
(The line should not cross the drainage paths) iGoatthe
line until it is generally above the headwaterghe stream
network. Return to the outlet and repeat the procedith a
line away from the right bank. The two lines shojdh to
produce the full watershed boundary. The Digitav&tion
Model (DEM) of the study area is generated using@6

software. This helps in drawing the exact boundiagyof the

study area. The base map is prepared using SOkhepd
number 57H/5, 57H/6, 57H/9 and 57G/12 on 1:50,0f0es
The Topomaps are scanned and projected for ddligetite
required features. The Digitized maps are updatid the
help of satellite imagery using QGIS and ArcGlStwafes.
It consists of various features like the road nekwo
settlements, water bodies, Vrishabhavathi Rivenatsaetc.
The South Western railway line passes throughtiysarea
from Mysore to Bangalore is delineated from theosi®et.
The

Konanakunte

Tavarekere-
the

Bangalore-Mysore  Highway and
road networks are delineated from
toposheet for the study area. The major settlemienthe
present study area such as Kengeri railway stasiod
Hejjala Railway station are also delineated frome th
toposheet. The information content of this mapssduas a
baseline data to finalize the physical features otifier
thematic maps. Since the topo sheets are very lblthe
features like roads, railways, settlements etcupdated with

the help of recent rectified and scaled satellitaderies of
the area. Fig.2 shows Base map of Vrishabhavathi

Watershed.

BasEMaP /) A
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[ Maor Tank

Source: SOI Topemap §7H/S 57H/E 57H and 57612 in 150000 Scale

Fig-2: Base map of Vrishabhavathi Wstted

The drainage map prepared from the toposheet firenbase
map for the preparation of thematic maps relatedutdace

and groundwater. All the streams, VrishabhavathieRi
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tributaries and small stream channels shown onabesheet

are extracted to prepare the drainage map.

The study area is a first, second, third, fouritth fand sixth
order streams and Vrishabhavathi River are presEmne
present study area dendrite drainage patron iepte3he
flowing of water is tamed through construction oimber of
tanks and channels. Fig-3 shows Drainage map of

Vrishabhavathi Watershed.

DRAINAGE MAP | - N
A

Legend

‘Watershed Boundary
[ ranks

Drains

Y =

\ Fee

N v Y 0 2 4 8 Kiometers
o s § [

o~ S
urce! 501 Topomap 57H/& 57H/6 57 HA and 67 G/12 in 150000 Scale
IRSID LISS 11l Satellite Data, November 2008

Fig-3: Drainage map of the Vrishabhavathi Watershed

4. MORPHOMETRIC ANALYSIS

Morphometric analysis, which is all about exploritige
mathematical relationships between various stream
attributes, used to compare streams and to idefatiors
that may be causing differences. The term Morphppist
derived from a Greek word, where “morpho” meanghear
and “metry” means measurement, so together it is
measurement of earth features. This is an impofeator

for planning any watershed development.

Morphometric analysis also provides descriptioploysical
characteristics of the watershed which are usefr f

environmental studies, such as in the areas of laswl

planning, terrain elevation, soil conservation agdil

erosion.

Morphometric analysis for the present study is gezlinto
three classes such as linear aspects, areal aspettelief

aspects.

4.1 Linear Aspects

Linear aspects include the measurements of linegurfes
of drainage such as stream order, bifurcation raficeam
length, stream length ratio, length of overlandifletc. The
linear characteristics of the drainage basin aseudised
below. (Ven Tee Chow, 1964)

4.1.1 Stream orders

The first step in drainage basin analysis is daiigm of
stream osders, following a system introduced ineoWnited
States by Horton (1956) and slightly modified by
Strahler(1964). Assuming that one has availabléndgee
network map including all intermittent and permagteiiow
lines located in clearly defined valleys, the sestlifingertip
tributaries are designated oreder 1. (Fig 4). Wherefirst
oredr channels join , a channel segment of oraslif@ind.
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Fig-4: Stream order Map of Vrishabhavathi Wsited
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Where two of order 2 joins, segment of order 3oisried;
and so forth. The trunk stream through which adlctarge
of water and sediment passes is therefore the nstrea
segment of highest order. Usefulness of the stresser
system depends on the premise that, on the aveifage,
sufficiently large sample is treated, order numbetirectly
proportional to size of the contributing watershed,
channel dimensions and to stream discharge apthet in
the system. Because order number is dimensiontess,
drainage networks differing greatly in linear scakn be
compared with respect to corresponding points ieirth
geometry through use of order number. After thandige
network elements have been assigned their ordebersn
the segments of each order are counted to yieldtingber

N, of segments of the given order

4.1.2 Bifurcation Ratio
It is obvious that the number of stream segmentsuof
given order will be fewer than for the next loweder but
more numerous than for the next higher order. Eti® of
number of segments of a given ordér to the number of
segments of the higher ordey.Nis termed thevifurcation
ratio Ry:

Ny

Rb =
Nu+1

The bifurcation ratio will not be precisely the safrom one
order to the next, because of chance variationgaitershed
geometry, but will tend to be a constant throughthd
series. Bifurcation ratio characteristically randgpegween 3
and 5 for watersheds in which the geologic strgsgto not
distort the drainage pattern. The theoretical mimim
possible value of 2 is rarely approached under rahtu
conditions. Because the bifurcation ratio is a disienless
parameter, and because drainage systems in honmgene
materials tend to display geometrical similarity,is not
surprising that the ratio shows only a small vaiatfrom
region to region. Abnormally high bifurcation ragienight
be expected in regions of steeply dipping rocktatmhere
narrow strike valleys are confined between hoghébies.
Average bifurcation ratio is calculated for the @rahed as
3.84 (Table-1). Plotting the number of stream segméor

each stream order on logarithmic scale and straaier @n

x-axis (Fig- 4) reveals a good relationship betwiem

1000

100

10

Stream Segment

Stream Order

Fig-4: Regression of Stream order on Number of
stream segments

4.1.3 Stream Lengths

Mean stream lengtiL, of a stream channel segment of
order u is a dimensional property revealing theattaristic
size of components of a drainage network and its
contributing basin surfaces. Channel length is nnems
with the help of ArcGIS and QGIS softwares diredtigm
the Stream Order map. To obtain the mean streagtheof
channelL, of orderu, the total length is divided by the
number of stream segmems of that order, thus:
[ - 2ol

Ny
Generally, The.,, increases with increase of order number.
It can be seen from Table 1, that the mean lenfjthannel
segments of a given order is more than that of rbxet
higher orderThe total number of all stream segmeNtsin
a stream order, total stream length ih stream order u,
mean stream length for the watershed are calcukatedis
linear

shown in Table-2. Fig-5shows that there is

relationship between mean stream length and stogder.

Steam length ratio

Stream length ratio (R is defined as the average length of
stream of any order to the average length of stseafthe

next lower order and it is expressed as;
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Horton postulated that, the length ratio tendseabnstant

throughout the successive orders of the stream.
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Fig. 5 Regression of stream order on mean streagtHe

4.1.4 Length of overland flow

Horton defined length of overland flow bs the length of
flow path, projected to the horizontal, noncharftet from
a point on the drainage divide to a point on th@aeaeht
stream channel. He noted that length of overlam f& one
of the most important independent variables affigctioth
the hydrologic and physiographic development ofrdige
basins. During the evolution of the drainage systdmis
adjusted to a magnitude appropriate to the scatbeofirst
order drainage basins and is approximately equah&half
the reciprocal of the drainage density. The shotie
length of overland flow, the quicker the surfacaatfi from
the streams. For a present study Length of Overfidod is
0.295.

4.1.5 Drainage pattern

In geomorphology, a drainage system is the pattermed
by the streams, rivers, and lakesin a particulaindge
basin. They are governed by the topography of el
whether a particular region is dominated by hardsoft
rocks, and the gradient of the land. Geomorpholsgisd
hydrologists often view streams as being part @irdige

basins. A drainage basin is the topographic redrom

location along the stream channel. The number,, sine
shape of the drainage basins found in an areasvanid the
larger the topographic map, the more information tha
drainage basin is available. A drainage systeneseibed as
accordant if its pattern correlates to the striectumd relief of
the landscape over which it flows. Following are #ome of

the drainage patterns in the world.

Dendritic drainage pattern: Dendritic drainage systems

are the most common form of drainage system. In a

dendritic system, there are many contributing stea
(analogous to the twigs of a tree), which are ti@ned
together into the tributaries of the main rivere(thranches
and the trunk of the tree, respectively). They tlgvevhere
the river channel follows the slope of the terrdd@ndritic
systems form in V-shaped valleys; as a resultralk types
must be impervious and non-porous.

Parallel drainage pattern: A parallel drainage system is a
pattern of rivers caused by steep slopes with getief.
Because of the steep slopes, the streams are awift
straight, with very few tributaries, and all flow the same
direction. This system forms on uniformly slopingfaces,
for example, rivers flowing southeast from the Alme
Mountains in Kenya. Parallel drainage patterns farhere
there is a pronounced slope to the surface. A lehrmttern
also develops in regions of parallel, elongate fiarmds like
outcropping resistant rock bands.

Trellis drainage pattern: The geometry of a trellis
drainage system is similar to that of a common
garden trellis used to grow vines. As the rivemioalong a
strike valley, smaller tributaries feed into it ffinothe steep
slopes on the sides of mountains. These tributamnésr the
main river at approximately 90 degree angles, causi
trellis-like appearance of the drainage system.lli$re
drainage is characteristic of folded mountains, hsas
the Appalachian Mountains in North America.

Rectangular drainage pattern: Rectangular drainage

which a stream receives runoff, through flow, and develops on rocks that are of approximately uniform

groundwater flow. Drainage basins are divided freath resistance to erosion, but which have two direstion

other by topographic barriers called a watershedagfershed of jointing at approximately right angles. The jminare

represents all of the stream tributaries that fimwsome usually less resistant to erosion than the bulk sacerosion
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tends to preferentially open the joints and streawentually
develop along the joints. The result is a streastesy in
which streams consist mainly of straight line segtmevith
right angle bends and tributaries join larger streat right
angles.

Radial drainage pattern: In a radial drainage system, the
high
point. Volcanoes usually display excellent radiahidage.
Other
commonly develops are domes and laccoliths. Onethes

streams radiate outwards from a central

geological features on which radial drainage
features the drainage may exhibit a combinatiomaalial
patterns. (Subramanya K, 2012)

The drainage pattern for the present study arelensiritic.
The drainage pattern shows well integrated pattenmed

by a main stream with its tributaries branching and
rebranching freely in all direction. The dendrigattern of

drainage indicates that the soil is semi perviousature.

Table 1 Linear morphometric parameters of
Vrishabhavathi watershed

Str | No of | Total Bifurcation | Mean | Length
Ord | Segme | length Ratio length | Ratio

nts
1 651 372.603 0.572
2 126 121.225 5.166 0.962 1.681
3 27 70.629 4.666 2.616 2.719
4 8 51.272 3.375 6.409 2.449
5 2 19.307 4.000 9.654 1.506
6 1 12.537 2.000 12.53f 1.298

4.2 Areal aspects

Areal aspects (A of a watershed of given ordeisudefined
as the total area projected upon a horizontal plane
contributing overland flow to the channel segmehtiee
given order and includes all tributaries of loweder. The
watershed shape has a significant effect on staiacharge
characteristics, for example, the elongated wasetr$taving

a high bifurcation ratio can be expected to haverahted
flood discharge. But on the other hand, the roundiroular
watershed with a low bifurcation ratio may have harp

peak flood discharge.

The shape of a watershed has a profound influencthe

runoff and sediment transport process. The shapthef

catchment also governs the rate at which waterenhe
stream. The quantitative expression of watershed loa
characterised as form factor, circularity ratiod @hongation

ratio.

4.2.1 Form factor

Horton defines the form factor; Ras a dimensionless ratio
of watershed area (A) to the square of the lendtthe
watershed (L). The value of form factor would ajaee
less than 0.7854 (for a perfect circular watershddje
watershed with higher form factor are normally ciec and
have high peak flows for shorter duration, whereas
elongated watershed with lower values of form fattave
low peak flows for longer duration. For the presshidy

area form factor is 0.327.

Rf = E
Where R is the form factor,L is the total length of

watershed and is the total area of watershed.

4.2.2 Circularity ratio

Circularity ratio is the ratio between the areavatershed to
the area of circle having the same circumferencahas
perimeter of the watershed (Miller, 1953). The eatanges
from 0.2 to 0.8, greater the value more is the uténdty
ratio. It is the significant ratio which indicatése stage of
dissection in the study region. Its low, medium drgh
values are correlated with youth, mature and @desof the
cycle of the tributary watershed of the region, &mel value
obtained. For the present study area circularitlyo rés

obtained as 0.492.

4mA
c = p2
Where R - Circularity ratio, A = Watershed area, P =

Perimeter of watershed.

4.2.3 Elongation ratio

Elongation ratio is the ratio between the diametkithe
circle having the same area as the watershed aronuona
length of the basin (Schumn, 1956).

Smaller form factor shows more elongation of theita

The watershed with higher form factor will havelieg peak
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flow for shorter duration. Whereas elongated wéiedswith
low form factor, will have a flatter peak of flovarf longer

duration.

Where R is the Elongation ratiol. is the total length of
watershed and is the total area of watershed.

The value of elongation ratio ranges from 0.4 tedser the
value, more is the elongation of the watershed. ther

present study area elongation ratio is calculase@. @45.

4.2.4 Drainage density

Drainage density is the other element of drainagayais
which provides a better quantitative expression the
dissection and analysis of land forms, althoughretion of
climate, lithology, structures and relief historfytbe region,
etc. can ultimately be used as an indirect indicet@xplain

those variables, as well as the morphogenesisidfdam.

Drainage density (L) is one of the important indications of
the linear scale of landform elements in streamdedo
topography. It is defined as the total stream lengft all
stream order to the total area of watershed. Thénage
density, which is expressed as km/Sqg.km, indicaes
guantitative measure of the average length of stret@annel
area of the watershed. Drainage density variesrsele
with the length of the overland flow, and therefgreovides
at least some indication of the drainage efficienfythe
basin. Drainage density is mathematically expressed

A
WhereY X, L,= Cumulative length of all streams (km)

Dd:

A = Area of watershed (Sqg. km)

The measurement of drainage density provides aolygist
or geomorphologist with a useful numerical measafe
landscape dissection and runoff potential. On ahljig
permeable landscape, with small potential for rfnof
drainage densities are sometimes less than 1 kieonper
square kilometer. On highly dissected surfaces ilesf
over 500 kilometers per square kilometer are ofégrorted.

Closer investigations of the processes responsible

drainage density variation have discovered thatraber of
factors collectively influence stream density. Tddactors
include climate, topography, soil infiltration cajg,
vegetation, and geology. The low value of draindgasity
influences greater infiltration and hence the wétisthis
region will have good water potential leading tayher
specific capacity of wells. In the areas of higkieainage
density the infiltration is less and surface runisffmore.
The drainage density can also indirectly indicated
groundwater potential of an area, due to its serfasoff
and permeability. The value obtained (drainage id@nsas
1.697 Km/Sq.km for the present study. From thiswés
inferred that the area is very coarser watershelde T
drainage density obtained for the study area is low
indicating that the area has highly resistant oghlyi

permeable sub-soil material.

4.2.5 Constant of channel maintenance
The inverse of drainage density is the constanthainnel
maintenance (C). It indicates the number of Sqg.kin o
watershed required to sustain one linear Km of nbhn
1

Dy

It not only depends on rock type permeability, @liro

C

regime, vegetation, relief but also as the duratiberosion
and climatic history. The constant of channel neiance is

extremely low in areas of close dissection.

4.2.6 Stream frequency
Stream frequency may be expressed by relating thebar
of stream segments to the area drained. In othedsyo
Stream frequency is the total number of stream seggnn
a watershed divided by the area of the watershedtoH,
1932) introduced stream frequency or channel freques
number of stream segments per unit area. For thsept
study, the stream frequency is 1.67.

A
WhereY X, N, = Total no. of stream segments

Sf=

A = Total area of watershed (Sq. km).

Volume: 02 Issue: 11 | Nov-2013, Available @ http://www.ijret.org 520



IJRET: International Journal of Research in Engineering and Technology

el SSN: 2319-1163 | pl SSN: 2321-7308

4.3 Relief aspects
Relief aspects are an important factor in undedstanthe
extent of denudational process undergone within the

catchment and it is indicator of flow directionwéter.

4.3.1 Watershed relief
Watershed relief is the difference in elevationwsstn the
remotest point in the water divide line and thech&ge

point of the watershed.

H= (Difference in elevation of the highest point of
watershed) - (Difference in elevation of the wateid

outlet)

The difference in elevation between the remotesttpand
discharge point is obtained from the available conmap.
The highest relief is formed in watershed at awatien of
930.250 m above mean sea level. The lowest relid w
obtained at the Byramangala Reservoir at an elmvatf
696.470 m above msl. The overall relief calculafiedthe

watershed was 0.234 km.

4.3.2 Relief ratio

Schumm (1956) defined relief ratio as the total enstied

relief to the maximum length of the watershed. Tékef

ratio for the watershed was obtained as 0.0068. rélief

ratio increases overall the sharpness of the dyair@asin

and it is an indicator of intensity process opeatas the

shape of the watershed.
L

L
Where R= Relief ratio
Where H= Total catchment relief (km)

L= Maximum length of catchment (km)

4.3.3 Relativerelief
Relative relief is defined as the ratio of the nnanim
watershed relief to the perimeter of the watersheds

computed as 0.0054 using the equation
H
Rr = F

Where R, = Relative relief, H = Maximum relief (km); P =
Perimeter (km)

4.3.4 Ruggedness number

Strahler (1964) defined Ruggedness number is tbduot
of the watershed relief and drainage density angallys
combines slope steepness with its length. Highegbf the
ruggedness number in the watershed area becausdhigot
variables like relief and drainage density are mgydd. It is

computed as 0.397 using the equation.

R, = HD,
Where R= Ruggedness number,HWatershed relief
(km), Dy= Drainage density km/Km

Table 6 shows different morphometric parameters of
Vrishabhavathi watershed.

Table -2: Different Morphometric Parameters of
Vrishabhavathi Watershed

Water shed Parameters Units Values
Watershed Area Sg.km 381.465
Perimeter of the Watershed km 98.624
Highest Stream Order No. 6
Length of watershed km 34.150
Maximum width of Watershed km 20.373
Cumulative Stream Segment km 815
Cumulative Stream Length km 647.573
Length of overland flow km 0.295
Drainage Density Km/Sqg.km 1.697
Constant of Channel Sg.km/Km| 0.589
Maintenance

Stream Frequency No/Sqg.km  2.136
Bifurcation Ratio 3.84
Length Ratio 1.931
Form Factor 0.327
Circularity Ratio 0.492
Elongation Ratio 0.645
Total Watershed Relief km 0.234
Relief Ratio 0.0068
Relative Relief 0.0054
Ruggedness Number 0.397

5. CONCLUSION

From the quantitative study, it is seen that thsirbdorms
the dendritic pattern of drainage. Average bifuoratatio is
calculated for the watershed as 3.84. The valuRloin the
present case indicates that watershed has suffiessd
structural disturbance and the watershed may terded as
the elongated one. Drainage density reflects lagel and
affects the infiltration and the watershed respotisge
between the precipitation and discharge. For thesent
study the drainage density is evaluated to be 1.697
Km/Sqg.km which indicates that the area is of caaiee
nature.
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The circularity ratio for the watershed is 0.492hich
indicates mature nature of topography. Its low, immedand
high values area correlated with youth, mature @ddstage
of cycle of tributary watershed of the region. Eiengation
ratio is 0.645, which indicates that the watershied
elongated. The stream frequency obtained for tiysarea
is 2.136 No./Sg.km. So it is classified under tless of low
drainage density, leading to higher bifurcationorat to the
soil. On the whole, the watershed has a totalfrefi®.234
Km. The relief aspect shows that the watershedehasigh
slope for runoff to occur from the source to theuthoof
watershed. The morphometric analysis results in
dimensionless parameters for the watershed. THjss He
compare the watershed with the neighbouring wageish
and to make decision for constructing hydraulioctres to
combat erosion.
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