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ABSTRACT

Hydrological assessment and characterization offriiceo-watersheds of Sarada river basin is
done through the analysis and evaluation of vartvasage and topographic parameters. The
geomorphometric approach involving the analysismaflti-thematic and spatio-temporal
parameters has largely helped in the logical assa#sof hydrological character of the basin.
The analysis of various linear and areal aspecige havealed that the topographical
configuration and geomorphic setting of the basas hssumed a dendritic to sub-dendritic
drainage pattern with!7order drainage. Consequently, the study helpgtdridentification
and mapping the potentiality of land-water resounagorly contributes for the sustenance of
the basin. Based on its natural setting and avéilabf land-water resource, the entire basin
is divided into 60 micro-watersheds which can behier treated as a base unit for the
assessment and evaluation of resource potentialibe study has demonstrated the
significance of geo-morphometry as well as utibfyremote sensing and GIS technology in
hydrological characterization of the basin at ma@tershed level.

Keywords: Geo-morphometric analysis, hydrological charaztgion, remote sensing and
GIS analysis, micro-watershed assessment, Sanagtebasin, Visakhapatnam district.

1. Introduction

According to Chorley et al. (1957), geo-morphometrghe science "which treats the geometry
of the landscape"” and quantitative procedure foantitying the land surface. Several
guantitative approaches already been documentedretognize the basin drainage
characteristics for understanding the hydrologipeicesses. Since a micro-watershed is
considered as the basic unit in hydrology, it cdagdappropriate to perform geo-morphometric
analysis at micro-watershed level as it is compaeht far better than doing the analysis on a
specific stream/channel or inconsistent segmerd. &&&o-morphometric analysis helps in
characterizing the watershed by revealing the Hgdical and geomorphic processes
intertwined and happens in the watershed by melgisveloping and employing the methods
to quantify the land exteriors (Singh, 1992; ana &taal. 2013). Consequently, the process is
responsible for a holistic understanding of hydgatdehavior of a watershed. Similarly, some

Submitted on August 2013 published on August 2013 195



Remote sensing and GIS in the geomorphometric as@yf micro-watersheds for hydrological Scenario
assessment and characterization - A study on Sarader basin, Visakhapatnam district, India
Nooka Ratnam Kinthada et al

of the morphometric parameters, like, circularigtio and bifurcation ratio are input
parameters in the hydrological analysis (Jain, 28D Esper, 2008) and evaluation of surface
water potentiality of an area (Suresh, 2004). A emoealistic approach of drainage
morphometric analysis is employed by using therdige network extracted from the Digital
Elevation Model (DEM) as suggested by CallaghaB41&nd Bhat, 2009. In this perspective,
this study forms a basis for characterizing hydgmobehavior of Sarada river basin in
Visakhapatnam District of Andhra Pradesh, Indianggjeo-morphometric procedures.

1.1 Description of the study area

The Sarada River basin is extended between 17425'N to 18°16'39.19" N latitudes and
82°31'50.96" E to 83°7'13.69" E longitudes (Figlijecovering an area of 2634.22 Krithe
river originates from the Ananthagiri hill rangesaaheight of 1500 m and runs towards the
south to join the Bay of Bengal. The river is 131K3n long, with no major tributaries joining
in the right but some important tributaries joinihg river from its left. The notable tributaries
are Bodderu Nadi, Edla Gedda, Isaka Gedda, Mala&édamidivaka Gedda, Medra Gedda,
Ninni Gedda, Pala Gedda, Pedda Eru, Pedda Gadiiia@Ralda, Seshu Gedda, Tacheru Vagu,
Toyi Gadda, Uraka Gedda, and Vedurla Gedd. Theystuda falls in Survey of India
(1:50,000) toposheets No. 65J/08, 12, 16, 65N/BK/@, 06, 07, 09, 10, 11, 13, 14, 15, and
650/01, 02, 03.

INDIA Sarada River Basin
State Boundary Map Mandal Boundary Map

Kilometers

Figure 1: Location map of the study area
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Table 1: Data used and sources

S# | Data Layer / Maps

Source

=

Topographical Map

Topographical Map, Surveyrafid (1:50,000)

2. | Remote Sensing Datd

-IRS-P6 (ResourceSAT-1) LISS-III Satellite Image
of Year 2012 with 23.5 m Spatial Resolution

- LANDSAT-7 ETM* Satellite Imagery of Year 200
with 30 m Spatial Resolution

3. | Geological Map

Geological Map of Vishakhapatraistrict prepared by
GSl is updated through IRS-P6 LISS-III SatelliteniRée
Sensing Data with Limited Field Checks.

3ry

4. | Geomorphology Map

Landforms/geomorphological megpared using remof
sensing data, ASTER-DEM & limited field checks.

5. | Morphometric
Analysis

Quantitative analysis has been done based on Sofv
India (Sol) toposheets and Cartosat-1 DEM data.

6. | Slope Map

Slope map created using CartoDEM ofnBGspatial
resolution.

7. | Drainage Map

Drainage network generated in Giirenment using

Cartosat-1 DEM data.

LANDSAT-7 ETM+ Satellite Imagery
(Spatial Resolution 30m)

Year - 2002

Legend

Settlement
|:I Sarada River Basin T!nundar_\

Kilometers

ResourceSAT-1 LISS-III Satellite Imagery g5
(Spatial Resolution 23.5m)
Year - 2012 4o Longeiliy

=z

Legend

Settlement

Kilometers

Figure 1: Landsat-7 ETM+ and IRS-P6 (ResourceSat-1) LISSliellite Imagery

2.1 Geology

Geological maps produced by Geological Survey dfdr{GSI) coupled with the Landsat-7

ETM+, IRS-P6 LISS-III satellite imagery (Figure @jas used for identification of various

geological parameters in the study area. Generabgg of the area has been mapped by
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depicting various diversified geological aspectschhhave been contributed for the study
region. The principal rock formations recorded lie study area are Charnockites, Granite
Gneisses and Khondalites (Figure 3).

2.2 Geomorphology

As per International Geographical Union (IGU), thasic geomorphic units are the
homogeneous entity which can be defined in termgeoktic or structural pattern. Miyogi et
al. (1970) have described a geomorphic unit in ggrterms as "an individual, genetically
homogeneous landform produced by a definite coctstmal or destruction geomorphic
process". Wright (1972) has pointed out that "gaat of the land surface is the end product
of an evolution governed by parent geological maktegeomorphological processes, past and
present climate, and time".

A geomorphological map is prepared using IRS-P6SLIS satellite imagery, Sol maps of

1:50,000 scale, IRS-P5 CartoSAT (DEM), ASTER (DEMgological map (structural and

lithological) and field observations (Figure 4). €Ttvarious geomorphic units and their
component were identified and mapped. The imporgg@amorphic units in the basin are,
alluvial plain, valley fills, denudational hills,ediment, shallow weathered pediplain, and
deeply weathered pediplain.

Geology A Geomorphology

Legend
I scitiement
[ sarada River Basin Bo
Geomorphology
Alluvial Plain
Deeply Weathered Pediplain
Denudational Hills
Pediment
Shallow Weathered Pediplain ¢
Valley Fills
=-=- Lineaments

Legend
B scttlement
|:| Sarada River Basin Boundary
Lithology
Alluvium
Charnockiles
Granite Gneisses
Khondalites

31250 5 10 15 20

Kilometers Kilometers

Figure 2: Geological mag-igure 3: Geomorphological map

2.3 Geo-morphometric analysis

The geo-morphometric analysis of the Sarada riesirbis carried out on the 1:50,000 scale
using Sol topographic maps, IRS-P5 CartoSAT-1 DEOm spatial resolution. The stream
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lengths and basin areas are measured with ArcGl5ddftware. Stream ordering is done
according to the system proposed by Strahler (185@)y ArcHydro tool in ArcGIS. Several
methods are implemented for measuring linear, aedlrelief aspects of the basin. Stream
number, stream length, stream length ratio, bitimoaratio, length of overland flow, form
factor, and stream frequency are measured accotalithge system proposed by Horton (1932
and 1945). Stream ordering, weighted mean bificcatatio, mean stream length and
ruggedness number are measured using the methogespd by Strahler (1952 and 68).
Parameters, such as, basin area, length of the, dsngation ratio, texture ratio and relief
ratio are quantified according to Schumm (1956heDparameters like, circularity ratio as per
Miller (1960); drainage texture as per Smith (193®9mpactness coefficient as per Gravelius
(1914); drainage density as per Melton (1957 andab@ slope analysis as per Wentworth
(1930), are quantified.

2.4 Linear aspects
2.4.1 Stream order (Su)

Stream ordering is essential for the quantitativalysis of any drainage basin. Horton has
pioneered the stream ordering systems in 1945 egulesitly, Strahler (1952) has suggested
some modifications. The streams of the Sarada basin have been ranked according to the
stream ordering system suggested by Strahler (19&2prding to the system, the Sarada
River was found to be d"7order drainage basin (Table 2 & Figure 5). Itlsanoticed that
there is a decrease in stream frequency as trensweder increases in the basin.
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Figure 4: Stream Ordering System, aRdjure 5: Logarithmic Plots of Stream Order against
the Stream Length (in Kms) in Sarada Basin, India
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2.4.2 Stream number (Nu)

Strahler's scheme of stream ordering system oS#drada river basin has been obtained from
toposheets and CartoSAT-1 DEM. Table 2 shows teravise stream numbers and length of
streams of Sarada river basin. Maximum frequeraiedn first order streams and minimum
in the seventh order streams.

2.4.3. Stream length (Lu)

All the streams of the Sarada river basin of vagiotders have been extracted from the Sol
topographical sheets and updated with IRS-P5 CAMeSDEM data. Subsequently, order-
wise Lu of all streams is computed using ArcGISOvi1software. Horton's law of stream
lengths supports the theory that geometrical snitylas preserved generally in basin of
increasing order (Strahler, 1952). Table 2 illussathe total length of stream segments are
maximum for first order streams (Figure 6). Gergydlasin length decreases as the stream
order increases.

2.4.4. Bifurcation ratio (Rb)

The ratio of number of the stream segments of gorder ‘Nu’ and the number of streams in
the next higher order (Nu+1) is called bifurcatratio. Horton (1945) has well-thought-out the
Rb as index of relief and dissertation. The Rbimseshsionless property and generally ranges
from 3.0 to 5.0. In the Sarada river basin, ithserved that Rb is not same from one order to
its next order as these irregularities are depandpon the geological and lithological
development of the drainage basin (Strahler, 19829. higher values of Rb (Table 2) in the
basin indicates a strong structural control ondrenage pattern, while the lower values are
indicative of basin that are not affected by stnuait disturbances.

Table 2: Stream order wise total no. of streams, totaltlengean length, length ratios, and
weighted mean stream length ratio

Su Nu Lu RDb Lu/Nu Lur Lur-r Lur*Lur-r| Luwm

I 5879 3733.62 0.64
Il 1445 1306.49 4.07 0.90 1.42 5040.117175.52
1 340 584.43 | 4.25 1.72 1.90 1890.93594.89

v 91 410.36 | 3.74 451 2.62 994.7p0  2609.77

\% 19 17453 | 4.79 9.19 2.04 584.80 1191.43 175
VI 6 163.56 | 3.17 27.26 2.97 338.00 1003.29

Vi 1 91.87 3.00 45.94 1.69 25548 430.44

Total | 7782 6464.86 90.14 12.64 9104.2316005.33

Mean 3.84 2.1%

Where: Su: Stream order, Nu: Number of streamsSkt@&am length, Lur: Stream length ratio,
Lurm* Mean stream length ratio, Lur-r: Stream lengtdiis the ratio, Luwm: Weighted mean
stream length ratio, Rb: Bifurcation ratio (Rb),/Rb Mean bifurcation ratio
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2.5 Basin geometry
2.5.1 Form factor (Ff)

Horton (1932) has defined the Form Factor as the od basin area to square of the basin
length (Ff=A/LI¥). For a perfectly circular basin, the Ff valualiways <0.754. If the value
decreases, the basin form will be automaticallpgéded. Basins with high Ff have high peak
flows of shorter duration. Ff value of Sarada ribesin is found to be 0.28 which indicates
that the basin is elongated in shape and hasdhedi longer duration.

2.5.2 Shape factor (Sf)

According to Horton (1945) the shape factor isrteo of the square of the basin length and
basin area (Sf=13A). Sf is inversely proportionate to the Form taatatio (Rf). The Sf value
of Sarada river basin is computed as 3.51, indigatie elongated shape of the basin.

2.5.3. Elongation ratio (Re)

Schumm (1956) has defined the elongation ratib@sdtio of diameter of a circle of the same
area as the basin and the maximum basin length2(Re¥A ) V2. Strahler (1952) has
classified the elongation ratio as circular (0.9}1oval (0.8-0.9), less elongated (0.7-0.8),
elongated (0.5-0.7), and more elongated (less @) The Re of Sarada river basin is 0.60,
which represented the basin is elongated.

2.5.4 Texture ratio (Rt)

Texture ratio is an important factor in the dramagorphometric analysis which is depending
on the underlying lithology, infiltration capacignd relief aspect of the terrain (Schumm,
1956). The Rt is expressed as the ratio betweeffirdteorder streams and perimeter of the
basin (Rt=N/P). The Rt of the Sarada basin is computed a®En8 categorized as moderate
in nature.

2.5.5. Circularity ratio (Rc)

According to Strahler (1964) and Miller (1953), ttiecularity ratio is defined as the ratio of
basin area to the area of a circle having the sgrimeter as the basin and it is pretentious by
the lithological character of the basin (Rc=12.3¥F¢)). Miller (1953) has described the basin
circularity ratio range of 0.4 to 0.5, which indiea strongly elongated and highly permeable
homogenous geologic materials. The Rc value (Od&f)ved for the Sarada river basin
corroborates the Miller’s range, which indicateattthe basin is elongated in shape with low
runoff and high permeability of the subsoil.

2.5.6 Drainage texture (Dt)

Horton (1945) has expressed the drainage textuteeastal number of stream segments of all
orders per perimeter area (Dt=Nu/P). Smith (1938 tlassified drainage texture into five
different textures as very coarse (<2), coarse)(2nbderate (4-6), fine (6-8) and very fine
(>8). The drainage texture value of the Saradanhiastalculated as 6.03, which indicates a
fine drainage texture.
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2.5.7 Compactness coefficient (Cc)

As per Gravelius (1914) compactness coefficienthis ratio of perimeter of basin and
circumference of circular area (Cc=0.2841*P#A The Cc is independent of size of the basin
and dependent on the slope. The Cc value for Sanastebasin is calculated as 2.05.

2.6 Drainage texture analysis
2.6.1 Stream frequency (Fs)

Horton (1932) has introduced the stream freques@/rmeasurable area parameter of drainage
morphometry and defined it as the number of streagments per unit area (FS=Nu/A).
Frequency of various stream orders of Sarada fdasin is computed and mean stream
frequency value is measured as 2.95 Km?KRigure 7). The distribution suggests that
topographically, the Sarada river basin is inate lyouth to early mature stage.

2.6.2 Drainage density (Dd)

Horton (1932 & 45), Strahler (1952 & 57) and Mel{d@®58) have defined the drainage density
as the stream length per unit area (Dde/A). The Dd is in fact the result of the functioh
various parameters, such as, climate, lithologyctitires and relief history and is an important
guantitative parameter in geo-morphometry analyigis.Dd of the Sarada river basin has been
computed as 2.45 Km/KhfFigure 8) indicating a ‘moderate’ to ‘high’ detysisuggesting for
the presence of moderate permeable sub-soil amdlkaviegetative cover.

Stream Frequency Drainage Density

Legend Legend

Settlement
|:| Sarada River Basin Boundary}
Drainage Density
(Km / Km2), Categories, Percent

Oto 1 (Low) 12.17%

1to 2 (Moderate) 22.34%

210 3 (Moderate High) 40.30%.

3 to 4 (High) 22.57% .
I Above 5 (Very High) 2.63%

Settlement
[ sarada River Basin Boundary
Stream Frequency
(Km [ Km2), Categories, Percent Arx

Oto 1 (Low) 7.23% .

110 2 (Moderate) 30.635 %

210 3 (Moderate High) 42.98%

310 4 (High) 17.16%

[ Above 5 (Very High) 1.99 %

5250 5 10 15 20 5250 9 10 15 20

Kilemeters

Kilometers

Figure 6. Stream frequency map Figure 7: Drainage density map

International Journal of Geomatics and Geosciences 202
Volume 4 Issue 1, 2013



Remote sensing and GIS in the geomorphometric as@yf micro-watersheds for hydrological Scenario
assessment and characterization - A study on Sarader basin, Visakhapatnam district, India
Nooka Ratnam Kinthada et al

2.6.3 Length of overland flow (Lg)

Before the rain water is contained into certainnecteds it runs across the ground surface
(Horton, 1945). The Lg is about half the distaneéneen the stream channels and roughly
eqgual to half the reciprocal of drainage densitye Tength of overland flow of the Sarada river
basin is 0.20 Km which shows a low surface runofthie area.

2.7 Relief Characterization
2.7.1 Relief ratio (Rh)

The total relief of the river basin is defined he difference between the highest point of a
basin and lowest point on the valley floor. TheiRtefined as the ratio between the total relief
of the basin and longest dimension of the basiallghto the main drainage line (Schumm,

1956), and is calculated as Rh=H/Lb. High valueRbfindicates steep slope and high relief
while lower values indicate the presence of baskgthat are exposed in the form of small
ridges and mounds with lower degree of slope. Téleesof Rh for Sarada river basin is

computed as 16.67. It is observed that areas with tb moderate relief and slope are
characterized by moderate value of Rh. Low valuBlofs mainly due to the presence of high
resistant base rocks and low degree of slope ibaken.

2.7.2 Ruggedness Number (Rn)

The product of the basin relief and drainage dgrnisitcalled ruggedness number (Strahler,
1968), and calculated as Rn=Dd*(H/1000). The rugged number of Sarada river basin is
3.93. Low ruggedness value of the basin suggeatdhh area is less prone to soil erosion and
have intrinsic structural complexity in associatieith relief and drainage density.

2.7.3 Slope analysis

Slope is the most important feature of geo-morphomand is important in hydrological
analysis. Maximum slope line is well marked in tlection of a channel reaching downwards
on the ground surface. Different methods are exikierepresenting the slope as proposed by
notable authors, like, Wentworth (1930), Raisz ateshry (1937), Smith (1938), Calef and
Newcomb (1953), Miller (1960) and Pity (1969). @axdt-1 Digital Elevation Model
(CartoDEM) of 30 m spatial resolution (Figure 9)uised for the quantitative analysis and
mapping of the slope in the basin. The area reptedeby each slope category is mapped
(Figure 10), measured and frequencies of the iddali slope classes are derived. The mean
slope is computed in the basin with a range’df 20 7° 2’. The slopes have been classified
according to the scheme suggested by the Commissiasiope evolution by International
Geographic Union, 1970. The entire slope-rangebleasn grouped into six classes extending
from less than ©to above 48 Figure 10 portrays and explains the areal distion of slope

in the basin area. It is computed that 41.28% eflthsin area exhibits a gentle slope where
agriculture is predominant. The remaining 58.4% a@mes under very steep hills with forest
cover.
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IRS-P5 CartoSAT-1 (DEM)

A Slope Map
fSpatial Resolution 30m)

Legend
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Figure 8: IRS-P5 CartoSAT-1 (DEM) Figure 9: Slope Map of the Study Area

3. Analysis of Geomorphometric parameters at micrawatershed level

In order to quantify the aerial aspects like, lmhiron, shape, compactness, circularity of a
range wise analysis is carried out in the Sarader rbasin. Interpretation of these geo-
morphometric parameters has revealed interestotg ébout the micro-watershed of the basin.
The analysis reveals that the micro-watershedeeBiarada basin assume a dendritic to sub-
dendritic, parallel, radial drainage patterns. basin in its entirety reflects a moderate drainage
texture with overall seventh order drainage netwdrke variation in stream length ratio
reflects the change in slope and topography. Stfeagouiency of all micro-watersheds shows
a positive correlation with drainage density witte tvariation in values of bifurcation ratio,
which is ascribed to the difference in topographg geometric development of the basin. The
bifurcation ratios of micro-watersheds indicatesrformal basin category and the area having
moderate drainage density suggests for the pres#riaghly permeable sub-soil and coarse
to moderate drainage texture. The drainage densityes further indicate the increase in
stream population in the basin with respect togase in drainage density. Drainage density is
found to be very coarse to coarse texture. Thamstrigequency values indicate that all the
micro-watersheds show a positive correlation wittréasing stream population with respect
to increasing drainage density.

The values of form factor and circularity ratio idrorates that almost all micro-watersheds
are elongated in shape. Elongation ratio indicgitasmicro-watersheds located in the northern
regions of Sarada river watershed composed ofteiggf and steep ground slopes whereas the
micro-watersheds in the south are characterizednbglerate to low relief. The detailed
information on micro-watersheds is presented inTisigle 3 below.
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Table 3 Information on geomorphometric parameters at oawatershed level

K JFIBGaT | 7 T 11T 3133 JITI TG W TN [T I UN [0S0 [T s I 053
37 4F1B6ad | 7 31 [ 79 | 10363 ] 265 | 1469 | 6575 | 3984 | 030 | 328 | 062 | 128 | 032 | 198 [ 140 ] 1.20| 138 [ Q.32
38 4F1B6a5 | 6 42 |66 | 64014 [ 205 [ 1280 3426 | 3627 | 021 485 [ 051 | 116 [ 033 | 182 [ 176 | 1.83| 1.87 [ 027
39 | 4FIB6bI |8 1905 262 [ 18496 320 [ 1521 [ 4666 | 4332 | 027 [ 374 [ 038 | 450 | 031 [ 605 | 180 562 [ 396 | 0.13
40 [ 4FIB6B2[ 3 255334 20497 355 1201 | 6042 | 5830 | 042 230 073 | 662 | 051 | 868 [ 141 ] 553 338 013
a1 JFTBEb3 [ 3 U0 [ 13T 7483 [ 339 6.3 | 2007 [ I8 [ OA7T [ ZI5 [ 07 [ ZJ0[ 060 | 621 | 130 622 [ 306 | 014
42 4F1B6b4 | 3 168 | 225 13833 | 355 [ 874 | 3720 | 31.63 | 049 | 205 | 079 331 | 047 [ 701 | 147 | 605 [ 3.72| 0.13
43 4F1B6cl | 6 I 1101 114200 233 [ 1148 [ 3767 | 4076 | 044 | 226 [ 073 | 174 [ 044 | 248 [ 133 | 173 | 198 [ 023
44 [4FIB6c2 | 6 17212221 17845 | 370 [ 1760 [ 6523 | 4075 | 021 [ 475 [ 032 346|033 [ 446 | 175 340[ 2751 0.18
43 4F1BAc3 | 3 141 183 12008 | 358 [ 1014 [ 3777 | 3187 [ 037 [ 272 [ 068 | 442 | 047 [ 581 | 147 490 [ 3.18] 0.16
[ 36 [4FIB6dI | & 3 3 71658 [ 137T] 86l 1626 | 2430 | 018 | 568 | 047 | 012 [ 035 [ 038 [ IJT | 086 | L0 [ 048
47 4F1B6d2 | 6 136 188 | 14867 280 | 1031 [ 5073 [ 3560 | 048 [ 200 078 | 381 | 030 [ 5327 | 142 371 283 | 017
43 4FIBAd3 | 6 86 [ 121 8181 [ 278 | 671 | 2007 | 2202 | 065 | 154 [ 001 [ 375|070 328 [ 1231 ] 415 281 [ 018
45 [ 4dFIB6d4 | 6 166 224 17340 270 [ 1503 [ 6006 | 3007 | 031 [ 323 [ 043 | 331|030 [ 447 | 184 372 [ 288 ] 007
30 | 4FiBéel |3 104 130 11010 347 1454 [ 3511 | 3006 | 017 [ 602 [ 046 ] 266 | 020 [ 3536 | 187 304 [ 3141 0.16
31 4F1B6e? | 3 120 163 [ 13530 337 1452 [ 4771 | 3850 | 023 [ 442 [ 034 335 | 040 [ 420 | 158 | 345 [ 284 | 0.18
32 IFIB&eS [ 3 T80 216 | TeI55 | 373 | 1483 [ 274 [ IS0 [ 028 [ 336 | 060 [ S03 [ 043 [ 3018 | T30 [ 344 33T 0.I%
33 4FIBAfL | 3 102] 136 [ 13188 | 363 [ 1461 [ 5385 | 4120 025 [ 396 037 248 | 040 [ 330 | 160 253 [ 2451 0.20
34 | 4FIBAEL | & 86 [ 128 11587 265 | 1403 | 4035 3601 | 020 | 488 [ 031 | 233|037 | 347 [ 165 307 287 [ 017
33 4FIB6E3 | @ 35 [32 [ 7054 [ 208 1356 3360 3306 | 018 | 547 048 [ 105|037 [ 1533 [ 166 155 200 024
36 | 4FIB6H | 4 51 [ 74 [ 7404 | 284 1069 | 3751 | 3007 | 033 305 | 065 | 169 052 | 245 [ 140 1.97 | 200 [ 023
37 4FICIbL | & 28 [ 45 | 4038 | 233] 783 1598 | 2368 | 025 | 396 | 057 LIS | 036 | 1.90 | 1.68 | 282 | 2.33 | 0.20
38 JFICIBI [ 4 TI [ I0T] 8933 [ 433 047 | B3 3TOT [ 033 | 305 [ 0G5 [ Z3T [ 04T [ 3T [ T4 34 304 [ 018
39 | 4FICIB3 |3 92 [ 142 11507 241 1251 | 3853 | 33500 | 025 | 406 036 262 030 | 405 [ 161 ] 368 200 [ 0.17
60 | 4FICIB4 | 4 105 ] 143 11486 336 [ 1120 [ 3587 | 3313 | 028 [ 355 [ 0460 307 | 041 [ 432 | 157 | 390 [ 320 ] 0.16

Where: Micro-Watershed (MWS), Maximum Stream Or(Mx Su), F' Order Stream (N1),
Stream Number (Nu), Stream Length (Lu), Bifurcatiatio (Rb), Length of the Basin (Lb),
Area (A), Perimeter (P), Form Factor (Ff), Shapetéia(Sf), Elongation Ratio (Re), Texture
Ratio (Rt), Circularity Ratio (Rc), Drainage Textu(Dt), Compactness Coefficient (Cc),
Stream Frequency (Fs), Drainage Density (Dd), LeogiOverland Flow (Lg)

4. Correlation analysis of drainage morphometric clracteristics
The inter-relationships of the morphometric pararsetire evaluated with the help of statistical

analysis for ascertaining the terrain charactedstivhich in turn helps in mapping the
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hydrological potentiality of the basin at micro-eeghed level. This also helps in preparing a
comprehensive plan for sustainable managemeneaf#itershed. A correlation matrix (Table

4) is generated for all the 60 micro-watershedh&f $arada river basin through 13 geo-
morphometric parameters, as mentioned in the tdlle.observations and statistics shown in
the Table 4 confirm that most of these parametersrafact showing a positive correlation

which means that they are codependent on anotreweter, shape factor and length of
overland flow are showing a negative correlatiorthwother morphometric parameters

suggesting they are independent and is conceivaldfective by various factors.

Table 4: Correlation matrix of morphometric parameters

Al P Nu Lu Ff Sf Re Rt Rc Dt Fs Dd Lg
A 1|07 | 0.44| 0.68 | 0.253 6_373 0.286 | 0.238/ 0.178 0.2383(')_047 0.003 6_039
P 1 0.38| 0.55 6_304 0.170 6_276 0.048 6_523 0.035 | 0.013| 0.068 6_086
Nu 1 0.90 | 0.234 6_256 0.241 | 0.925 0.077] 0.923 0.836 0.8)%_698
Lu 1 0.272 6_318 0.286 | 0.767| 0.106 0.769 0.60Q2 0.69%_666
Ff 1 6_926 0.995 | 0.418 0.819 0.439 0.197 0.18%_184
St 1 | o058 0.391| 0.754 | 0.407 | 0.166 | 0.152 | 151
Re 1 0.416 0.813 0.435 0.190 0.17?)_177
Rt 1 0.329| 0.997 0.904 0.8436_727
Rc 1 0.345| 0.052 0.0256_032
Dt 1 0.902| 0.845 6_730
Fs 1 0.925 6_782
Dd 1 o018
Lg 1

Where: Area (A), Perimeter (P), Stream Number (I#eam Length (Lu), Form Factor (Ff),
Shape Factor (Sf), Elongation Ratio (Re), Textuaid(Rt), Circularity Ratio (Rc), Drainage
Texture (Dt), Stream Frequency (Fs), Drainage DgiiBid), Length of Overland Flow (Lg)

From the correlation matrix it is understood ttat area parameter (A) of the basin is positively
correlated with other parameters. Stream Length id_positively correlated with A, P, Nu, Sf,
Rt, Dt, and Dd, suggesting that they are mutuadiyeshdent on each other. At the same time,
Lu is negatively correlated with Ff, Re, Rc andvidgich means these parameters are sovereign
and operative by various other factors. It is abserved that the Sf and Lg are showing a
complete negative correlation which means thesanpeters are not correlated with other
parameters and is influenced by many terrestr@bfa.

4.1 Hydrological potentiality assessment
In order to identify, categorize and map the hyagalal potential zones, a comprehensive

analysis is undertaken by integrating various migeatershed level geo-morphometric
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parameter composites and evaluating them by emqgagértain evaluation criteria. Various
thematic data layers were integrated based onicestaightage criteria developed for the
identification of hydrological potential zones feurface water and groundwater exploration.
Weights are assigned to different themes and depending on their significance in terms of
their hydrological potentiality. Hydrological pot#ad zones are deduced and mapped in the
GIS environment using Model Builder in ArcGIS swhieh allows for the integration and
evaluation of different thematic layers according the given criteria. The potential
hydrological zones deduced and mapped are shotine imable 5 below.

Table 5: Weights of Geomorphometric Parameters for Hydrckldg?otentiality Zone

Factor Values Weights (W) | Remarks

Bifurcation Ratio| Less than 1.66 10 The low value of bifurcation

(Rb) 1.67 —2.20 9 ratio is characterize in the
2.21-2.39 8 high hydrological potential
2.40-2.63 7 zone because it is depend pn
264 —297 6 geological and lithological
298 —3.27 5 development of the drainage
3.28 — 3.46 4 basin, and dimensionless
3.47 — 3.62 3 property are generally
3.63_3.82 2 ranges from 3.0 to 5.0.
More than 3.82 1

Elongation Ratio (Re) Less than 0.511 1 The  high lueva of
0.512 - 0.535 2 elongation ratio is
0.536 — 0.571 3 characterize in the high
0.572 - 0.597 4 hydrological potential zone
0.598 — 0.638 5 because high elongatign
0.639 — 0.682 6 value is signify the more
0.683 —0.724 7 elongated of the basin, that
0.725 — 0.768 8 means if the basin is more
0.769 — 0.829 9 elongated then surfage
More than 0.829 | 10 runoff is also high.

Texture Ratio (Rt) Less than 0.607 10 The low vabfetexture
0.608 — 1.270 9 ratio is described in the high
1.271 - 1.729 8 hydrological potential zone
1.730 — 2.494 7 because it is depend on the
2 495 — 2.805 6 drainage density. L(_)w value
5 826 — 3.335 5 of textu;eth ra]uo |§, _also

represent the low drainage

3.336-3.793 4 density, means low surfage
3.794 — 4.686 3 runoff.
4.686 — 6.597 2
More than 6.597 | 1

Drainage Texture (Dt) Less than 0.971 10 The low value of drainage
0.972 - 1.958 9 texture is defined in the high
1.959 -2.817 8 hydrological potential zone
2818 — 3.581 7 because it is depend on the
3582 _4.154 6 d][a(ijnage dentsit};. Low vallue

of drainage texture is algo

4.155 — 4.696 ° signify the low drainage
4.697 — 5.300 4

International Journal of Geomatics and Geosciences
Volume 4 Issue 1, 2013

207



Remote sensing and GIS in the geomorphometric as@yf micro-watersheds for hydrological Scenario
assessment and characterization - A study on Sarader basin, Visakhapatnam district, India
Nooka Ratnam Kinthada et al

5.301 -6.192
6.193 — 8.675
More than 8.675
Less than 1.101
1.102 -1.570
1.571-2.313
Stream Frequenc 2314 — 2.694
(Fs) 2.695— 3.208
3.209 — 3.528
3.529 - 3.822
3.823 — 4.252
4.253 - 5.034
More than 5.034

density, means low surface
runoff.

The low value of stream
frequency is demarcated |n
the  high  hydrologica
potential zone.

o

OIRNWAOJODINOOLEFRINWRARAOODINOO| R[N W

Drainage Density Less than 1.302 0 When drainage is less, there
(Dd) 1.303 — 1.563 is more possibility of
1.564 — 2.185 infiltration, and less surface
2186 — 2.596 runoff, thereby increasing
5597 — 2832 hydrological potential area
2.833 - 3.000
3.001 - 3.243
3.244 — 3.553
3.554 — 3.964
More than 3.396
Slope Lessthan 3.60 |1 Steeper slopes (more than
03.6*-07.20 9 30°) are low prone ta
07.2P-11.99 38 hydrological potential area,
1197 — 16.82 7 but the slope below than 42
1683 _ 21 48 6 have high hydrological
potential area to the absence
21.49 — 25.88 5 of debris over the slope
25.89 — 30.28 4 surface.
30.29 - 34.74 3
34.7% — 40.63 2
More than 40.63 | 1

Table 6: Hydrological Potential Classes with Micro-Watersindmnber

Hydrological Micro-Watershed Number
Potential Class

1 4F1B5g1

2 4F1B4al, 4F1B6el, 4F1B6b1, 4F1B5d3

3 4F1B5d1, 4F1B6¢c2, 4F1B5g2

4 4F1B6b4, 4F1B5e3, 4F1B6e2, 4F1Cl1b2, 4F1C1lb4, @&3B

4F1B6¢c3, 4F1B6b3, 4F1B5f2

5 4F1C1b3, 4F1B5e2, 4F1B5f1, 4F1B4b2, 4F1B4c2, 4FIHB
4F1B6a2, 4F1B6f2, 4F1B6e3, 4F1B6b2, 4F1B5f3, 4F1B5e

6 4F1B6d4, 4F1B4a5, 4F1B4b3, 4F1B5a2, 4F1B6f3, 4€PB
4F1B5g3, 4F1B5d2

7 4F1B4a4, 4F1B4c3, 4F1B5b2, 4F1C1bl
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8 4F1B3al, 4F1B4a2, 4F1B4cl, 4F1B6al, 4F1B6a4, éH1BF1B6a5

9 4F1B4c4, 4F1B4a3, 4F1B4bl, 4F1B4b5, 4F1B6a3, &B1RB
4F1B5b1, 4F1B6d1, 4F1B6cl

10 4F1B4b4, 4F1B5a3, 4F1B5b4

The subjective weights assigned to different magpimts of each thematic layer are in a scale
of 1 to 10, where 1 indicates least while 10 intisdor high significance of the mapping unit.
The integrated analysis resulted in common areasraposite mapping units with weights for
computing the final score. Further categorizatidrthe scores resulted in demarcation of
hydrological potentiality zones of different cateigs table 6.

The final hydrological potentiality map is generhteith graded color schema of red to green.
The green shades represent the high potential MWile the red shades denote the low. The
high potential MWS'’s are the ones which have goaggregate score close to 10. A glance at
Figure 10 and Table 6 suggests that the northeits pad some north-east parts of the basin
have poor hydrological potentiality due to steegpsl and high runoff compared to the upper
middle, south-east and some parts along the rivifrecbasin.

Figure 100 Hydrological potentiality zone map
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5. Conclusion

The study highlighted the significance of quaniti&atgeo-morphometry in systematically
analyzing and evaluating the complex fluvial erodeahdscapes, their elements and
interrelations from the attributes perceived witireater degree of accuracy and understanding.
The geo-morphometric analysis indicates that Saiadabasin assumes a dendritic as well as
radial pattern with moderate drainage texture. dr@tion in stream length ratio could be due
to the change in slope and topography. The bifimeatatio indicates normal watershed
category and the presence of moderate drainagé@ylsnggesting for the moderate permeable
sub-soil and coarse drainage texture. The streaguéncy value indicates for a positive
correlation with increasing stream population widspect to increasing drainage density.
Hydrological potential map clearly indicate thae thlluvial plains adjacent to river/streams
composed of sand, silt and clay with nearly pléaps and very low drainage density has very
good hydrological potentiality. The results areroborated with the observations during the
field checks. The information found to be of highkeful for sustainable development of water
resource in the Sarada river basin.
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