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Abstract

Remote sensing and GIS has emerged as an efficient tool in delineation of drainage pattern and ground water potential and its
planning and management. This technique can be employed for identification of morphological features and analyzing the
properties of basin. In the present study an attempt has been made to analyze morphometric parameters and prioritize six sub
watershed of South Pennar river basin in Hosur block, Krishnagiri district Tamil Nadu. Quantitative morphometric parameters of
the basin can address linear, areal and relief aspects to understand conditions of drainage and their relationship with soil and water.
The morphometric parameters are stream ordering, stream length, stream length ratio, and bifurcation ratio, drainage density,
stream frequency, form factor, circulatory ratio, and elongated ratio were analyzed to know the characters of the watershed. The
knowledge based weightage as being assigned by considering its influence on soil erosion then the compound value of all the
parameters were computed, based on this all sub-watersheds has been prioritized into four classes very high, high, medium and
low.
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I. INTRODUCTION

Water is one of the most important natural resources and is like a key element in socio- economic development of any civilization.
As any economic activity like agriculture, industry or domestic activity is heavily dependent on this resource, its ready and
sustained availability is one of the basic building blocks of the society. A watershed is considered as an ideal unit for the
management of natural resources in achieving sustainable development. It is a land area that contributes runoff to a common point
along a single waterway, and is classified on the basis of its geographical area. Remote sensing and GIS are the most advanced
tools for watershed development, management and studies on prioritization of micro-watersheds. Morphomerty is the
measurement and mathematical analysis of the configuration of the earth’s surface, shape and the dimension of its landforms
(Agarwal 1998). Morphometry analysis provides a useful parameter for the assessment of the groundwater potential, surface and
groundwater resource management, runoff and geographic characteristics of the drainage system. Morphometric analysis could be
used for prioritization of micro watersheds by studying different linear and aerial parameters of the watershed even without the
availability of soil maps (Biswas et al; 1999). The linear aspects include stream ordering, stream length, stream length ratio, and
bifurcation ratio and in the aerial aspect the drainage density, stream frequency, form factor, circulatory ratio, and elongated ratio.
The present study relates the usefulness of GIS for morphometric analysis and prioritization of the watersheds of South Pennar
catchment. The morphometric characteristics of different watersheds show their relative characteristics with respect to hydrologic
response of the watershed. On the basis of priority and cumulative weightage to each thematic map, the sub watershed is grouped
into four categories: very high, high, medium and low priority.

Il. STUDY AREA

South Pennar river basin is situated in Hosur block Krishnagiri district in Tamil Nadu. It covers approximately 352 km2 bounded
by 12.55-12.35 N latitude and 77.45-78.00 E longitude. The area comprises of soils classified as black soils, red loamy soils, mixed
soils, gravelly and sandy soils. Red loamy and sandy soils are predominant in Hosur block. Ground water occurs under phreatic
conditions in the weathered rock formation of granite- genesis. The daily mean minimum temperature and mean maximum
temperature were 19° C to 30° C. Study area receives an average rainfall of 850 mm. Fig 1 shows the location map of the study
area.
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Fig. 1: Study Area Map

111. MATERIALS AND METHODOLOGY

In the present study morphometric analysis and prioritization of watershed are carried out based on integrated use of Remote
sensing and GIS techniques. The data’s used for our study are IRS P6 LISS IV, Toposheet 57H/13, 57H/14 of 1:50000 scale, soil
map, geology map. The software used are Arc Map — 10. Arc GIS. Fig 2- shows the flow chart of the methodology.
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Fig. 2: Flow Chart Showing Methodology
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Base map was prepared from reference maps collected from district authorities. Delineation of the watershed was done using
the Arc Map 10 and drainage features of the watershed were digitized manually using Arc GIS software. The ordering was given
to each stream, by following strahler (1952). The south Pennar river basin was sub divided into six sub watersheds on the basis of
drainage flow direction, slope relief and elevation. The sub watershed was designated as swi to swe. The smaller watershed being
31.412km?, whereas largest sw» (102.20km?), quantitative morphometric analysis like linear, areal and relief aspects were derived
to understand conditions of drainage and their relationship with soil and water. The various morphometric parameters with their

formula are shown in Table-1.

Table—1
Morphometric Parameters

Morphometric
parameters

Method

Reference

Stream order

Hierarchical rank

Strahler(1964)

Stream length (Lu)

Length of the stream

Horton(1945)

Mean stream length
(Lsm)

Lsm= Lu/Nu
Where Lu= Total stream length of order ‘u’,
Nu= total number of stream segments of order ‘u’

Strahler(1964)

Stream length Ratio (RL)

RL = Lu/Lu-1
Where Lu= Total stream length of order ‘u’,
Lu-1= The total stream length of its next lower order

Horton (1945)

Bifurcation ratio (Rn)

Ro=Nu/Nu+1
Where Nu= Total number of stream segments of order ‘u’, Nu+1= Number of
segments of the next higher order

Schumm(1956)

Drainage density (Dd)

Dg=Lu/A
Where Dd= Drainage density, Lu= Total stream length of orders, A= area of the basin
, km?2

Horton(1945)

Stream frequency (Fs)

Fs=Nu/A
Where Fs= stream frequency, Nu= total number of stream segments of orders, A= area
of the basin , km?2

Horton(1945)

Circulatory ratio (Rc)

Re=4*r * A/P?
Where Re= circulatory ratio, n= rt value i.e., 3.141,
A= area of the basin , km? ,
P? = square of perimeter, km

Miller(1953)

Elongation ratio (Re)

Re=(4*A4/m) 0.5/Lb
Where Re= elongation ratio, A= area of the basin , km?, 7= 7 value i.e., 3.141

Miller(1953)

Form factor (Fr)

Fi= A/Lb?
Where, Fr = form factor , A= area of the basin , km?,
Lb= basin length

Schumm (1956)

Drainage texture (Ry)

Rt = Nu/P
Where Nu= total number of stream segments of orders, P= basin perimeter, km

Horton (1945)

Compactness constant
(Co)

C:=0.2821P/A05
Where Cc = compactness ratio ,
A= area of the basin , km?, P= basin perimeter, km

Horton (1945)

Length of over land flow

(Lo)

Lo =%Dd
where Lo = length of over land flow,
Dd = drainage density

Horton (1945)

Shape
factor (Bs)

Bs = Lb2 /A
where Bs = shape factor , Lb = basin length, A= area of the basin , km?

Nookratnam etal
(2005)

A. Prioritization of Watershed

The morphometric parameters have a direct relationship with erodability, whereas shape factor as an inverse relationship with
erodability (Nookaratnam etal 2005). Hence ranking of the watershed has been carried out for giving highest priority / rank based
on highest value in case of linear parameter and lowest value in case of shape parameters. The rating value for all the micro
watershed are averaged so as to arrive at a compound value of micro watershed was to prioritization based of severity of soil
erosion, hence the micro watershed which has lowest Cp value has been given first priority next lowest as second and so on.

IV. RESULT AND DISCUSSION

The morphometric parameters of six watersheds were carried out in the study. The parameters analyzed were linear parameters
and shape parameters. The linear parameter includes bifurcation ratio, drainage density, stream frequency, drainage texture, and
length of over land flow, stream frequency. Shape parameters are form factor, circulatory ratio, elongation ratio, compactness co-
efficient, shape factor. The morphometric parameters analyzed are summarized in Table 2.
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Table —2
Morphometric Parameters
Sub Area | Perimeter Linear Parameter Shape Parameter
Watershed | (Km?) (Km) Rb Dy Fs Rt Lg Ry Re Re Ce Bs
B?ng‘z‘g” 53.471 | 45229 | 7.49 | 1.254 | 1.664 | 1.968 | 0.398 | 0.442 | 0.328 | 0.375 | 1.745 | 2.262
'\('Sa\:\',;‘)r 10220 | 60.413 | 4.219 | 1.422 | 1.829 | 3.095 | 0.351 | 0.584 | 0.352 | 0.431 | 1.686 | 1.712
?;Vig)r 86.692 | 63.486 |3.162 | 1.56 | 2.00 | 2.646 | 0.32 | 5852 | 0.27 | 1.365 | 1.923 | 0.171
Tog\?\l‘i’;‘”' 39618 | 34155 | 4.38 | 2.058 | 2.726 | 7.646 | 0.243 | 0.198 | 0.426 | 0.251 | 1.531 | 5.05
Agaram
o) 40256 | 42.994 | 3.056 | 1.942 | 2.409 | 2.256 | 0.257 | 1.255 | 0.273 | 0.632 | 1.911 | 0.797
Ud‘(’g\:‘vi)pa" 31412 | 32117 | 2704 | 1.88 | 2.483 | 2.429 | 0.265 | 3.178 | 0.382 | 1.007 | 1.616 | 0.314

A. Bifurcation Ratio (Rv)

The term ‘bifurcation ratio ‘(Rp) was introduced by Horton (1932) and also stated by strahler (1964) to express the ratio between
the number of streams of an order (Nu) to that of the next highest order (Nu+1). If the Ry, is between 3 and 5, geological structures
do not seem to exercise a dominant control over the drainage pattern for the watershed. If Rb is greater than 5, it indicates
structurally controlled development of a drainage network. Lower Rb values are without any distortion in the drainage pattern. In
the present study , Ry values varies from 3 to 7.5 sub watershed Swi shows structurally controlled development of drainage network
as the value s are greater the 5. Whereas Sws has an Ry, value of 2.7, they are structurally less distributed watershed without any
distortion in drainage pattern.

£. Drainage Density (Dd)

Drainage density is an important indicator of the linear scale of landform elements in stream — eroded topography and is the ratio
of total channel- segment lengths Lu (Hortan 1945). It provides a quantitative measure of the average length of stream channel for
the whole basin. A low drainage density indicates permeable subsurface strata and is a characteristic feature of coarse drainage
that generally shows values less then 5.0. In the present study, the drainage density varies from 1.25 (Sw) to 2.058 (Swa), which
shows low drainage density indicates permeable sub surface soil

€. Stream Frequency (Fs)

Stream frequency (Fs) is an index of the various stages of landscape evolution. It is the ratio of the total number of streams (Nu) in
a basin to the basin area (Au). A higher Fsreflects greater surface. Low value of stream frequency indicates low runoff value and
increase in stream population with respect to drainage density. In the present study Fs value varies between 1.66 (Swi) to 2.72(Swa).
Lower value shows less runoff and higher value shows it more runoff

. Length of Over Land Flow (Lo)

Length of over land flow (L,) is the length of water over the ground before it gets concentrated into definite stream channels which
affects both hydrologic and physiographic development of the drainage basins (Horton 1945). In the present study, the value ranges
between 0.24 to 0.39, generally higher value of L, is an indicative of low relief and low value of Lo indicates higher relief.

E. Drainage Texture (Ry)

Drainage texture (R:) is an important factor in the drainage morphometric analysis, which depends on the underlying lithology,
infiltration capacity and relief aspect of the terrain. Texture ratio indicates that infiltration capacity and relief aspect of the terrain
are moderate to high in nature. Smith (1950) has classified drainage texture into five texture, very coarse (<2), coarse (2-4),
moderate (4-6), fine (6-8) and very fine (>8) in our study R value ranges from 1.96 to 7.64. Swiindicates very coarse texture,
whereas Sw4 indicates very fine texture, and rest are coarse textured.

F. Shape Parameters

1) Form Factor :( Fy)

Form factor (Fs) is defined as the ratio of the basin area to the square of the basin length. The value of form factor would always
be less than 0.7854 (for a perfectly circular basin) (the value corresponding to a circular basin). The basins with higher form factor
are normally circular and have high peak flows for shorter duration, whereas elongated basins with lower values of form factor
have low peak flows for longer duration. The values of form factor F¢ in the analysis ranges between 0.19 to 5.85. The sub
watersheds are more or less elongated in shape indicating lower peak flow for longer duration.
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21 Circulatory Ratio (R¢)

The circulatory ratio (R¢) is a quantitative expression of the shape of basin, which is expressed as the ratio of basin area to the area
of the circle, having the same perimeter as the basin (Miller, 1953). This is a significant ratio, indicating the stage of dissection in
any region, which also gives an index of the structural fabric of the underlying rocks. The circulatory ratio (R¢) values for the sub
watershed varies from 0.27 to 0.42 indicating the sub watershed are less circular in shape since there values are <1, with low to
moderate relief.

3J Elongation Ratio (Re)

The elongation ratio (Re), is defined as the ratio of the diameter of a circle of the same area as the basin and the maximum basin
length. The ratio varies from 0.6 to 1.0 over a wide variety of climatic and geologic types. Values close to 1.0 are typical of regions
with very low relief, whereas values in the range of 0.6 to 0.8 are generally associated with strong relief and steep ground slopes
(Miller, 1953). R values in the sub watershed varies from 0.25 to 1.36.

41 Compactness Co- efficient (Cc)

Compactness co- efficient (C.) is the relationship of the shape of the drainage basin to circular basin having the same area as the
hydrologic basin. It is used to express the relationship of a hydrologic basin to that of circular basin having the same area as the
hydrologic basin. Lower values of this parameter indicate the more elongation and high erosion .The value of C. in our study varies
between 1.53 to 1.92.

31 Shape Factor (Bs)

The shape factor can be defined as the ratio of the square of the basin length to area of the basin (Horton 1945) and is in inverse
proportion with form factor (ff). In our analysis shape factor ranges from 0.17 to 5.05.

@) Prioritization of Watershed

The result of prioritization of watershed is shown in Table 3. Micro watershed is categorized into four priority zones based on the
final compounded value as very high (2-2.5), high (2.5-3.0), medium (3-3.5), low (3.5-4.0). Out of six Sw; and Sw- lies on the
medium zone and Swis lies on low priority zone. Hence Sws, Swa, Swe can be selected as watershed for selecting a suitable site for
conservation structures.

Table -3
Prioritization Results of Morphometric parameters
Sub Linear parameters Shape parameters
watershed Compound value | priority
Rb | Dd|Fs|Rt|Lo|Rf|Rc|Re|Cc|Bs

Swi 1 6 |6 |5|1|2|2|2|4]5 3.4 Medium
Swz 3 515|122 |3]3]|3|3]4 3.3 Medium
Sws 4 4 4 |33 ]14]1 5 6 1 2.9 High
Swa 2|1 ]1]|1|5|1|5|1]1]|6®6 2.4 Very high
Sws 5 212 |6 |6 |44 |4]|5]3 3.6 Low
Swe 6 |3 |3|4|4|5|4]|6]2]2 3.0 high

V. CONCLUSION

Watershed prioritization is one of the most important aspects of planning for implementation of its development and management
programmed. The study demonstrates the utility of Remote Sensing and GIS technique for prioritization of watershed based on
drainage morphometry and land use change analysis. Prioritization will help us to take decision for conservation of natural
resources for their sustainable development. Based on this study, it has been observed that 2 watersheds fall in category of high
priority. Hence these sub watersheds can be taken for conservation of soil and water resources compared to medium and low
ranking sub watersheds.
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