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Abstract
The present study attempts to understand the form and geomorphic/hydrologic processes of the 20 watersheds of the Pacha-
malai hills and its adjoinings located in Tamil Nadu State of southern India from the analysis of its drainage morphomet-
ric characteristics. Survey of India’s topographic sheets of 1:50,000 is the data source from which stream networks and 
watersheds of the study area were demarcated followed by the analysis of their morphometric characteristics using ArcGIS 
software. The results of the analysis formed the basis for deducing the form and processes of the watersheds of the study 
area. The form of the watersheds inferred from the analysis includes shape, length, slope steepness and length, degree of 
branching of streams, dissection and elongation of watersheds. The geomorphic/hydrologic processes inferred include 
denudation rate, potential energy, intensity of erosion, mean annual run off, mean discharge, discharge rate, rock resistiv-
ity and infiltration potential, amount of sediment transported, mean annual rainfall, rainfall intensity, lagtime, flash flood 
potential, flood discharge per unit area, sediment yield and speed of the water flow in the streams. The understanding of 
variations of form and processes mentioned can be used towards prioritizing the watersheds for development, management 
and conservation planning.

Keywords Drainage morphometry · Pachamalai hills · Form and processes

Introduction

Drainage basin or a watershed refers to the entire area pro-
viding runoff to and sustaining part or all of the streamflow 
of, the main stream and its tributaries. Quantitative analysis 
of drainage network within a basin or watershed can throw 
light upon the form and predominant processes in them, a 
knowledge which is indispensible for planning relating to 
watershed management, floods, soil erosion, mass move-
ment, neotectonic activities, surface and groundwater, deri-
vation of hydrographs and understanding discharge charac-
teristics of ungauged stream, ecology, etc. The description of 
drainage network within a basin which was purely qualitative 
was transferred into a rigorous quantitative science capable 
of providing numerical data of practical value by Horton 

(1932, 1945). The works were supplemented by Langbein 
(1947), and later, developed in detail by Strahler (1952), 
Miller (1953), Leopold and Miller (1956), Schumm (1956), 
Morisawa (1959), Shreve (1966), Scheidegger (1967), 
Doornkamp (1968), Chorley (1969), Gregory and Walling 
(1973), Gardiner (1975) and Zavoianu (1985), and others. A 
number of related studies have been carried out since then 
for which topographic maps and data obtained from field 
work have been the source. In recent times especially since 
the last decade, the advancements made in Remote Sensing 
and Geographical Information System (GIS) technology has 
taken the study to the next level. In the present study, an 
attempt has been made to understand the form and processes 
of the watersheds of the Pachamalai hills and its adjoinings 
located in the central Tamil Nadu State of southern India. 
The inhabitants of the study area, most of whom are tribals 
depend upon the streams that flow through the study area 
for catering their water needs. Besides this, the rain water 
that flows through these streams is the major source of water 
flow for the important rivers that flow through the adjoining 
foot hills and plains of the region such as Swetha Nadhi, 
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Chinnar, Aiyar and Marudhaiyar, and the region depends 
on these rivers for catering their water needs of the people, 
including agriculture the major occupation of the region. In 
other words, the livelihood of the inhabitants of Pachamalai 
and the adjoining plains of the region depends on the water 
that drains the watersheds of the study area. The study area 
which is rich in biodiversity (Geetha Rani 2010; Velmani 
1998) has been ruthlessly overexploited for its rich resources 
for several decades. The overexploitation of this biodiversity 
rich area and the unscientific agricultural practices (Pragasan 
2014; Velmani 1999; Mathew 1981) have resulted in accel-
erated soil erosion rates, increased flood incidences, reduced 
agricultural productivity, and, biodiversity of the hills. All 
these problems calls for effective planning towards ensuring 
sustainability of the water and other resources of the Pacha-
malai hills and its adjoinings on watershed basis for which 
the results from the present study can provide useful inputs.

Study area and its geology

The study area, the Pachamalai hills and its adjoinings, 
covers an areal extent of 868.01 sq. km and is located in 
Central Tamil Nadu State of southern India (Fig. 1). It is 
located between north latitudes 11°7′47″–11°29′26″ and east 
longitudes 78°24′22″–78°51′10″. Most parts of the study 
area, especially the northern and southern parts are con-
fined to Salem and Tiruchirappalli Districts of Tamil Nadu 
State (Fig. 2). Smaller portions of the study area, especially 
the eastern and south eastern parts fall in Perambalur Dis-
trict while the western part falls in Namakkal District of 
the State. Information relating to relief and slope deduced 
from the Digital Elevation Model (DEM), generated from 
SRTM satellite data (Figs. 3, 4, respectively) reveals that in 
most of the study area (about 66%) the elevation is less than 
400 m, and the slope ranges from nearly level category to 
moderately steep to steep category in most of the study area 
(70%). The study area experiences a semi-arid climate with 
dry and cold winter and hot and dry summer. In the Pacha-
malai hills, the maximum temperature ranges between 23 
and 31 °C while the minimum temperature ranges between 

Fig. 1  Study area
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12 and 18 °C, (http://agrit ech.tnau.ac.in/agric ultur e/agri_
agrom eteor ology _cropp ingpa ttern _higha ltitu dezon e.html). 
The study area receives bulk of its annual rainfall during 
the months of September, October and November, though 
considerable rainfall occurs during the months of June and 
August.   

Geologically, the study area forms part of the Southern 
Granulitic Terrain (SGT) of Tamil Nadu State which has 
experienced multiple episodes of crustal deformation during 
and after its formation (Drury and Holt 1980; Ramasamy 
et al. 1999; Chetty and Bhaskara Rao 2006) because of 
which the rocks are highly deformed and metamorphosed 
to granulite facies. The most pervasive of these deformation 
events has been the 550 Ma Pan-African granulite facies 
event (Unnikrishnan et al. 1995; Jayananda et al. 1995; Bar-
tlett et al. 1995). Information relating to the rock types of 
the study area obtained from the geology map published 
by the Geological Survey of India (GSI) in the year 2014 
reveals that the study area comprises predominantly of the 
rocks of Charnockite Group (mostly charnockites intruded 
by ultrabasic rocks and granites, and pyroxene granulites) 
and Bhavani Group (fissile hornblende biotite gneiss and 
basic dykes) of Archaean and Archaean to Proterozoic age, 

respectively (Fig. 5). The Charnockite Group rocks of the 
study area are of igneous/volcanic parentage derivatives 
and the pyroxene granulites in specific are considered to 
represent mafic volcanics (Srinivasan 2006). The granulitic 
facies metamorphism that occurred in the study area along 
with other parts of the State during the Late Archaean-Early 
Proterozoic Periods has resulted in the formation of these 
charnockites and concomitant anatexis of earlier rocks (Srin-
ivasan 2006).

Charnockites, the predominant rock type of the study 
area occupies about 93% of the study area. The mineral 
assemblages of this rock in the study area are orthopyrox-
ene + quartz + K-feldspars + biotite ± garnet. Geochemi-
cally the charnockites of this region has been character-
ized as Tonalite and the charnockitic magma is found to 
have originated from a middle crustal region due to crustal 
recycling and is calc alkaline in nature. Pyroxene granu-
lites found in the study area occur in the form linear bands 
trending in an almost NE–SW direction confining to the 
northern part of the study area, especially in the Gangav-
alli, Pulambadi and Vedambiyam Reserved Forests. The 
mineral assemblage of this rock includes quartz + clino-
pyroxene  +  orthopyroxene and k-feldspar. Hornblende 

Fig. 2  Administrative divisions

http://agritech.tnau.ac.in/agriculture/agri_agrometeorology_croppingpattern_highaltitudezone.html
http://agritech.tnau.ac.in/agriculture/agri_agrometeorology_croppingpattern_highaltitudezone.html


 Applied Water Science (2018) 8:31

1 3

31 Page 4 of 19

biotite gneiss occupies about 2.6% of the study area and 
is confined to the foot hills especially on the eastern and 
south eastern parts. The mineral assemblage of this rock is 
quartz-hornblende-biotite-K-feldspar-plagioclase. Granite, 
basic dykes, ultrabasics and garnetiferous gabbro are the 
other rock types present in the study area but they are of 
minor areal extent. Of these rocks, granites in the study area 
are seen with charnockites as enclaves, and are confined to 
the northern part especially to the Vedambiyam and Pulam-
badi Reserved Forests. These small plutons were emplaced 
as culmination of migmatisation that occurred in the area 
during the Late Archaean-Early Proterozoic Periods. Basic 
dykes of the study area are seen transecting the charnockites 
and are exposed in three locations. One of them occurs in the 
northern part of the study area (near Vedambiyam) trending 
in a NNE–SSW direction while the other two are found in 
the eastern part of the study area (near Nagur and Sikkadu 
villages) trending in ENE–WSW to nearly E–W direction. A 
small patch of ultrabasic rocks occurs in the western part of 
the study area within the Sengattupatti Reserved Forest. The 
strike direction of the foliation of the major rock type of the 
study area, the charnockites, is predominantly NE–SW. Two 
prominent synform structures are found on the western part 

of the study area, one of which is in the Periyasolai Reserved 
Forest and the other in the north eastern side of Sengattupatti 
Reserved Forests. A prominent antiform structure is found 
in the south eastern side of the Sengattupatti Reserved For-
ests. Two prominent NNE–SSW trending shear zones pass 
through the Manmalai Reserved Forest in the north western 
part of the study area.

Methodology

For the present study, relevant literature was thoroughly 
studied to enrich and update the knowledge in the subject. 
This was followed by the mapping of drainage network 
(Fig. 6) and delineation of the watersheds (Fig. 7) of the 
study area from the Survey of India’s topographic sheets 
of 1:50,000 scale. For identity purpose, either the name of 
the stream that flows through the watershed or the name of 
the major settlement/Reserved Forests within the watershed 
were assigned to the each of the 20 watersheds of the study 
area. Later, the stream networks within each of the water-
sheds were digitized using ArcGIS. The widely used Strahl-
er’s method of stream ordering was followed for ordering 

Fig. 3  Rock types
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the streams of the study area. ArcGIS software was utilized 
to calculate measures such as number of streams, length of 
streams, area and length of watersheds, and elevation ranges 
and were made use to estimate a number of parameters relat-
ing to linear (bifurcation ratio, length ratio), areal (drainage 
density, stream frequency, shape, length of overland flow, 
etc.) and relief aspects (relief, relative relief, ruggedness 
number, etc.) in each of the watersheds of the study area. 
These estimations were made use to understand the form 
and dominant processes within each of the watersheds of 
the study area.

Results and discussion

Linear aspects

Linear aspects of the basins are related to the channel pat-
terns of the drainage network wherein the topological char-
acteristics of the stream segments in terms of open links 
of the network system (streams) are analysed. The study of 
linear aspect includes the analysis of stream order, stream 
number, bifurcation ratio, stream lengths and length ratio. 

These parameters were estimated for all the watersheds of 
the study area and are shown in Table 1(a)–(t) and consoli-
dated in Table 2. The results of their analysis and the infer-
ences drawn are discussed in the following section. 

Stream order

Stream ordering, the first step in morphometric analysis 
of drainage basin analysis, is a measure of the position of 
a stream in the hierarchy of tributaries (Strahler 1964). 
As mentioned earlier, for the present study the widely 
followed Strahler’s method of stream ordering has been 
adopted towards ordering the streams of the drainage net-
work in all the watersheds of the study area. Such ordering 
of the streams is an essential input towards estimating sev-
eral other drainage morphometric parameters considered 
for the present study. Besides this, it has been used to find 
out the maximum stream order (the stream segment of 
the highest order) within each watershed. This maximum 
stream order, viz., the trunk stream, through which all the 
discharge of a watershed finds its outlet, has been used to 
designate each watershed of the study area. Among the 
watersheds of the study area, the maximum stream order 

Fig. 4  Elevation zones
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ranges from third order to sixth order. A majority of the 
watersheds (55%) are fourth order watersheds and these 
include Sendarapatti, Kallar, Belur, Pulambadi, Periya-
karuppu Odai, Kalungi, Solaimatti, Silaiyur, Chinnar, 
Nakkaselam and Turaiyur Kalathur watersheds, followed 
by fifth order watersheds (35%) which includes Gangav-
alli, Kottarakkannu, Sengattuppatti, Maruvattur, Kanna-
padi, Shobanapuram and Thalugai watersheds. Koneri 
watershed and Valiyur watershed are the only sixth order 
and third order watershed, respectively, in the study area.

Apart from its use in designating watersheds, the maxi-
mum stream order of the watershed can also be used to 
designate the trunk stream of the watershed. In general, 
streams up to third order are designated as headwater 
streams, from fourth to sixth order they are designated 
as medium streams, and stream orders greater than sixth 
order are designated as river (http://geogr aphy.about .com/
od/physi calge ograp hy/a/strea morde r.htm). The maximum 
stream order in almost all the watersheds of the study area, 
with the exception of Valaiyur watershed, ranges from 
fourth to sixth order. This implies that the trunk stream in 
all the watersheds of the study area is a medium stream; 

in case of Valaiyur watershed, the trunk stream is a third 
order stream, and hence it is a headwater stream.

Stream number

Stream number of a watershed refers to the number of stream 
segments within a watershed. Estimations regarding order-
wise stream number and total number of streams in each 
watershed were made and their analysis shows the existence 
of wide variation in the total number of streams among the 
watersheds of the study area ranging from 30 (in Valaiyur 
watershed) to 458 (Koneri watershed). The number of stream 
segments decreases with increasing stream order in all the 
watersheds of the study area. Among the various stream 
orders, the proportion of first-order streams, constitute bulk 
of the total number of streams in all the watersheds, ranging 
from 68.89% (in Thuraiyur Kalathur watershed) to 82.05% 
(Kalungi watershed). It is observed that the lower order 
streams, viz., both first and second-order streams constitute 
most of the streams in each watershed and their proportion 
ranges from 90.59% (in Maruvattur watershed) to 96.67% 
(Valaiyur watershed) of the total streams of the respective 

Fig. 5  Slope
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watersheds. In the study area, the lower order streams are 
relatively greater in proportion (> 95%) in Valaiyur, Belur, 
Kalungi, Solaimatti and Kallar watersheds which reflects the 
steeper slopes and quicker water flow in these watersheds. 
The lower order streams are relatively lesser (≤ 92%) in 
Nakkasalem, Maruvattur, Thuraiyur Kalathur and Talugai 
watersheds, and this reflects the relatively lesser slope steep-
ness and less quick stream flows.

Bifurcation ratio

The bifurcation ratio (Rb) refers to the ratio of the num-
ber of streams of a given order to the number of streams 
of the next higher order, and it is a measure of the amount 
of branching in the stream network (Doornkamp and King 
1971) within a watershed. Lower the mean bifurcation ratio, 
greater the branching in the stream network within a water-
shed and vice-versa. Bifurcation ratio for the various stream 
orders within a watershed, and the mean Rb value for each 
watershed were estimated, and their analysis shows that it 
distinctly varies among various orders in each watershed, 
reflecting the variations in local physiography and geologi-
cal conditions within each watershed. The mean Rb value 

of the watersheds of the study area ranges from 2.84 (for 
Maruvattur watershed) to 5.00 (Belur watershed). Strahler 
(1957) has observed that the mean Rb value ranges from 2 to 
5 in watersheds with well developed drainage network. As 
the mean Rb values of all the watersheds of the study area are 
within this range, it can be inferred that the drainage network 
in all the watersheds of the study area are well developed.

Apart from serving as an indices to infer the degree of 
branching of stream network within a watershed, it can also 
throw light upon the shape of the watersheds; high Rb values 
reflect elongated shape whereas low values reflect circular 
or rotund shape (Chow 1964). Assuming precipitation and 
other controls to be the same, elongate watersheds yield low 
but extended peak flow whereas rotund watersheds produce 
sharp peak (Chow 1964; Chorley 1969). In short, the lower 
the mean Rb of the watershed, the greater the probability 
of flash flood. In the study area the mean Rb is relatively 
lesser (≤ 3.5) in Maruvattur, Thuraiyur Kalathur, Nakka-
salem, Gangavalli, Koneri, Kanappadi and Sengattupatti 
watersheds, and relatively high (> 4.5) in Belur, Valaiyur, 
Kallar and Kalungi watersheds. In rest of the other water-
sheds it is moderate (3.5–4.5). This imples the relatively 
greater degree of branching, lesser elongation, and higher 

Fig. 6  Watersheds
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flash flood potential of Maruvattur, Thuraiyur Kalathur, 
Nakkasalem, Gangavalli, Koneri, Kanappadi and Sengat-
tupatti watersheds, and lesser degree of branching, greater 
elongation and lesser flash flood potential of Belur, Valaiyur, 
Kallar and Kalungi watersheds.

Stream length

The length of a stream is the distance measured along the 
stream channel from the source to a given point or to the out-
let. This distance was estimated for all stream orders within a 
watershed and they were added together to find out the total 
stream length of the watershed. This measure is an essential 
input for computing various other morphometric parame-
ters such as mean stream length, drainage density, length of 
overland flow, etc. Estimation of total stream length for the 
watersheds of the study area shows that among the water-
sheds of the study area the total stream length varies from 
28.08 km (in Valaiyur watershed) to 412.53 km (Koneri 
watershed). The total length of streams is relatively lesser 
(≤ 70 km) in Valaiyur, Nakkaselam, Thuraiyur Kalathur, 
Silaiyur, Solaimatti, Pulambadi and Periyakaruppu Odai 
watersheds, and is relatively higher (> 170 km) in Koneri, 

Thalugai, Shobanapuram and Kottarakkannu watersheds. In 
rest of the watersheds it is moderate (70–170 km). As the 
total stream length is directly related with the mean annual 
run off (Morisawa 1962), it can be inferred that the mean 
annual run off would be higher in Koneri, Thalugai, Sho-
banapuram and Kottarakkannu watersheds on account of 
their high total stream lengths, and relatively lower in Val-
aiyur, Nakkaselam, Thuraiyur Kalathur, Silaiyur, Solaimatti, 
Pulambadi and Periyakaruppu Odai watersheds on account 
of their low total stream lengths. In rest of the other water-
sheds, the mean annual run off is likely to be moderate on 
account of their moderate total stream lengths.

Mean stream length

The mean stream length is a dimensional property, reveal-
ing the characteristic size of the components of a drainage 
network and its contributing basin surface (Strahler 1964). 
Stream order-wise mean length in each watershed was 
obtained by dividing the total length of streams of a par-
ticular order by the total number of stream segments of the 
order. In general, it is observed that the mean stream length 
increases with the stream order. Only in five watersheds viz., 

Fig. 7  Drainages
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Table 1  Watershed-wise linear aspects (a)–(t)

Stream order Stream number Stream num-
ber (%)

Bifurcation ratio Stream length Stream length (%) Mean stream 
length

Length ratio

a. Sendarapatti watershed
 I 64 73.56 39.31 54.24 0.61
 II 17 19.54 3.76 20.66 28.50 1.22 0.51
 III 5 5.75 3.40 7.10 9.80 1.42 0.86
 IV 1 1.15 5.00 5.41 7.46 5.41 0.26

87 100.00 4.05 72.48 100.00 0.54
b. Kallar watershed
 I 107 78.68 64.98 65.37 0.61
 II 23 16.91 4.65 18.55 18.66 0.81 0.75
 III 5 3.68 4.60 4.76 4.79 0.95 0.85
 IV 1 0.74 5.00 11.12 11.19 11.12 0.09

136 100.00 4.75 99.41 100.00 0.56
c. Belur watershed
 I 125 80.13 65.46 60.03 0.52
 II 25 16.03 5.00 18.09 16.59 0.72 0.72
 III 5 3.21 5.00 9.17 8.41 1.83 0.39
 IV 1 0.64 5.00 16.32 14.97 16.32 0.11

156 100.00 5.00 109.04 100.00 0.41
d. Gangavalli watershed
 I 91 73.98 65.08 56.42 0.72
 II 24 19.51 3.79 23.02 19.96 0.96 0.75
 III 5 4.07 4.80 14.59 12.65 2.92 0.33
 IV 2 1.63 2.50 12.15 10.53 6.08 0.48
 V 1 0.81 2.00 0.51 0.44 0.51 11.91

123 100.00 3.27 115.35 100.00 3.37
e. Pulambadi watershed
 I 45 76.27 28.57 48.46 0.63
 II 10 16.95 4.50 14.73 24.98 1.47 0.43
 III 3 5.08 3.33 10.73 18.20 3.58 0.41
 IV 1 1.69 3.00 4.93 8.36 4.93 0.73

59 100.00 3.61 58.96 100.00 0.52
f. Periyakaruppu Odai watershed
 I 54 72.97 35.95 58.07 0.67
 II 15 20.27 3.60 11.63 18.79 0.78 0.86
 III 4 5.41 3.75 7.39 11.94 1.85 0.42
 IV 1 1.35 4.00 6.94 11.21 6.94 0.27

74 100.00 3.78 61.91 100.00 0.51
g. Kalungi watershed
 I 96 82.05 55.25 62.71 0.58
 II 16 13.68 6.00 13.73 15.58 0.86 0.67
 III 4 3.42 4.00 8.66 9.83 2.17 0.40
 IV 1 0.85 4.00 10.46 11.87 10.46 0.21

117 100.00 4.67 88.10 100.00 0.42
h. Kottarakunnu watershed
 I 183 76.25 111.56 59.70 0.61
 II 40 16.67 4.58 30.42 16.28 0.76 0.80
 III 13 5.42 3.08 26.50 14.18 2.04 0.37
 IV 3 1.25 4.33 10.84 5.80 3.61 0.56
 V 1 0.42 3.00 7.54 4.04 7.54 0.48
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Table 1  (continued)

Stream order Stream number Stream num-
ber (%)

Bifurcation ratio Stream length Stream length (%) Mean stream 
length

Length ratio

240 100.00 3.75 186.86 100.00 0.55
i. Solaimatti watershed
 I 55 78.57 42.58 71.45 0.77
 II 12 17.14 4.58 7.21 12.10 0.60 1.29
 III 2 2.86 6.00 2.93 4.92 1.47 0.41
 IV 1 1.43 2.00 6.87 11.53 6.87 0.21

70 100.00 4.19 59.59 100.00 0.64
j. Silaiyur watershed
 I 49 81.67 36.04 60.49 0.74
 II 7 11.67 7.00 11.58 19.44 1.65 0.44
 III 3 5.00 2.33 3.54 5.94 1.18 1.40
 IV 1 1.67 3.00 8.42 14.13 8.42 0.14

60 100.00 4.11 59.58 100.00 0.66
k. Valaiyur watershed
 I 24 80.00 16.84 59.97 0.70
 II 5 16.67 4.80 4.93 17.56 0.99 0.71
 III 1 3.33 5.00 6.31 22.47 6.31 0.16

30 100.00 4.90 28.08 100.00 0.43
l. Chinnar watershed
 I 57 75.00 40.47 55.59 0.71
 II 14 18.42 4.07 17.00 23.35 1.21 0.58
 III 4 5.26 3.50 12.51 17.18 3.13 0.39
 IV 1 1.32 4.00 2.82 3.87 2.82 1.11

76 100.00 3.86 72.80 100.00 0.69
m. Koneri watershed
 I 338 73.80 230.89 55.97 0.68
 II 85 18.56 3.98 71.97 17.45 0.85 0.81
 III 24 5.24 3.54 54.78 13.28 2.28 0.37
 IV 8 1.75 3.00 38.84 9.42 4.86 0.47
 V 2 0.44 4.00 13.15 3.19 6.58 0.74
 VI 1 0.22 2.00 2.9 0.70 2.90 2.27

458 100.00 3.30 412.53 100.00 0.93
n. Nakkasalem watershed
 I 33 70.21 22.49 57.61 0.68
 II 10 21.28 3.30 7.1 18.19 0.71 0.96
 III 3 6.38 3.33 6.07 15.55 2.02 0.35

IV 1 2.13 3.00 3.38 8.66 3.38 0.60
47 100.00 3.21 39.04 100.00 0.64

o. Turaiyur Kalathur watershed
 I 31 68.89 21.20 50.99 0.68
 II 10 22.22 3.10 13.60 32.71 1.36 0.50
 III 3 6.67 3.33 2.78 6.69 0.93 1.47
 IV 1 2.22 3.00 4.00 9.62 4.00 0.23

45 100.00 3.14 41.58 100.00 0.73
p. Sengattuppatti watershed
 I 122 75.31 85.27 60.24 0.70
 II 29 17.90 4.21 27.29 19.28 0.94 0.74
 III 8 4.94 3.63 20.56 14.53 2.57 0.37
 IV 2 1.23 4.00 3.01 2.13 1.51 1.71
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Thuraiyur Kalathur, Shobanapuram, Solaimatti, Silaiyur and 
Sengattupatti watersheds this trend is anomalously absent. 
In case of Shobanapuram, Silaiyur, Thuraiyur Kalathur and 
Sengattupatti watersheds, III order mean stream length is 
abnormally lower than the II order mean stream length, and, 
in case of Solaimatti watershed the II order mean stream 
length is abnormally more than I order mean stream length. 
This anomaly can be attributed to the distinct variations in 
slope and topography in these watersheds, and such anomaly 
has been reported by studies (Rudraiah et al. 2008; Chopra 
et al. 2005; Vittala et al. 2004), conducted in other areas 
also.

Among the watersheds of the study area the mean length 
of first-order streams ranges from 0.52 km (for Belur water-
shed) to 0.84  km (Maruvattur watershed). It is shorter 
(< 0.60 km) in Belur and Kalungi watersheds, and longer 
(> 0.75 km) in Maruvattur and Solaimatti watersheds. In 

other watersheds it is moderate (0.60–0.75 km). In case of 
second-order streams the mean length ranges from 0.60 km 
(Solaimatti watershed) to 1.65 km (Silaiyur watershed). It is 
found to be shorter (< 0.75 km) in Solaimatti, Nakkaselam 
and Belur watersheds and longer (> 1.25 km) in Silaiyur, 
Pulambadi, Maruvattur and Thuraiyur Kalathur watersheds. 
In other watersheds it is moderate (> 0.75–1.25 km).

Length ratio

It is the ratio of the mean length of streams of one order to 
that of the next higher order. It tends to be constant through-
out the successive orders of a watershed (Horton 1945). 
Estimation of length ratio and the mean length ratio for the 
various stream orders of the watersheds and for each water-
shed were made. Variations in length ratio exist between 
successive stream orders in all the watersheds of the study 

Table 1  (continued)

Stream order Stream number Stream num-
ber (%)

Bifurcation ratio Stream length Stream length (%) Mean stream 
length

Length ratio

 V 1 0.62 2.00 5.41 3.82 5.41 0.28
162 100.00 3.46 141.54 100.00 0.77

q. Maruvattur watershed
 I 59 69.41 49.33 50.94 0.84
 II 18 21.18 3.28 24.75 25.56 1.38 0.61
 III 5 5.88 3.60 14.95 15.44 2.99 0.46
 IV 2 2.35 2.50 6.02 6.22 3.01 0.99
 V 1 1.18 2.00 1.78 1.84 1.78 1.69

85 100.00 2.84 96.83 100.00 0.94
r. Kanappadi watershed
 I 110 72.85 78.68 59.63 0.72
 II 31 20.53 3.55 27.76 21.04 0.90 0.80
 III 7 4.64 4.43 12.93 9.80 1.85 0.48
 IV 2 1.32 3.50 8.80 6.67 4.40 0.42
 V 1 0.66 2.00 3.77 2.86 3.77 1.17

151 100.00 3.37 131.94 100.00 0.72
s. Shobanapuram watershed
 I 167 74.89 122.48 62.77 0.73
 II 41 18.39 4.07 38.49 19.73 0.94 0.78
 III 10 4.48 4.10 20.37 10.44 2.04 0.46
 IV 4 1.79 2.50 4.93 2.53 1.23 1.65
 V 1 0.45 4.00 8.86 4.54 8.86 0.14

223 100.00 3.67 195.13 100.00 0.76
t. Talugai watershed
 I 251 72.54 174.94 56.69 0.70
 II 66 19.08 3.80 73.96 23.97 1.12 0.62
 III 20 5.78 3.30 31.43 10.18 1.57 0.71
 IV 8 2.31 2.50 15.97 5.17 2.00 0.79
 V 1 0.29 8.00 12.30 3.99 12.30 0.16

346 100.00 4.40 308.60 100.00 0.57
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area and such differences are commonly observed in sev-
eral other studies (Horton 1945; Mesa 2006). These differ-
ences are attributed mainly due to differences in slope and 
topographic conditions within the watersheds. Among the 
watersheds of the study area, the mean length ratio is found 
to range from 0.41 (for Belur watershed) to 3.37 (Gangavalli 
watershed). The ratio is low (≤ 0.50) in Belur, Kalungi and 
Valaiyur watersheds and high (> 0.90) in Gangavalli, Maru-
vattur and Koneri watersheds. In rest of the other watersheds 
it is moderate (0.51–0.90).

Areal aspects

Areal aspects express the overall plan form and dimensions 
of drainage basins. The areal aspects considered for the pre-
sent study include areal extent, length, shape, drainage den-
sity, stream frequency and length of overland flow. The pro-
cedure adopted for the estimation of these parameters along 
with the results is discussed in the following section, and 
the estimations of the areal aspects are presented in Table 3.

Watershed area

Watershed area is defined as the total area projected upon a 
horizontal plane and is one of the important morphometri-
cal parameters related to hydrological process. The areal 
extent of the watersheds of the study area was computed 
using ArcGIS software and among the watersheds of the 

study area, it ranges from 14.19 sq. km (Valaiyur watershed) 
to 159.50 sq. km (Koneri watershed). Based on the areal 
extent, the watersheds of the study area were grouped as 
larger (> 65 sq. km), moderate (26–65 sq. km) and smaller 
(≤ 25 sq. km). In the study area Koneri, Thalugai and Kotta-
rakkannu are larger watersheds whereas Valaiyur, Thuraiyur 
Kalathur, Nakkasalem, Periyakaruppu Odai and Solaimati 
watersheds are smaller watersheds. The other watersheds 
are moderate-sized.

Watershed area has a direct relationship with mean dis-
charge of the watershed/basin (Leopold and Maddock 1953; 
Strahler 1964; Dunne and Leopold 1978; Zavoianu 1985), 
mean annual run off (Strahler 1957; Morisawa 1962), and 
it has an inverse relationship with sediment yield (Strahler 
1957) and also with maximum flood discharge per unit area 
(More 1967 as quoted in Chorley 1969). Based on the above 
described relationships watershed area has with other hydro-
logical parameters, the mean discharge and mean annual run 
off are likely to be high in larger watersheds such as Koneri, 
Thalugai and Kottarakkannu and low in smaller watersheds 
such as Valaiyur, Thuraiyur Kalathur, Nakkasalem, Peri-
yakaruppu Odai and Solaimati. In rest of the other water-
sheds they are likely to be moderate. Further, in view of the 
inverse relationship watershed area has with sediment yield 
and maximum flood discharge per unit area, smaller water-
sheds such as Valaiyur, Thuraiyur Kalathur, Nakkasalem, 
Periyakaruppu Odai and Solaimati are likely to have high 
sediment yield and maximum flood discharge per unit area, 

Table 2  Linear aspects of the 
watersheds (consolidated)

T.S. no*, total stream number; Rb*, bifurcation ratio; Rl*, length ratio

Sl. no Watershed name S. length T.S. no.* I ord. str. II ord. st. Lower o. st Rb* Rl*

1. Sendarapatti 72.48 87 73.56 19.54 93.10 4.05 0.54
2. Kallar 99.41 136 76.68 16.91 95.59 4.75 0.56
3. Belur 109.04 156 80.13 16.03 96.16 5.00 0.41
4. Gangavalli 115.35 123 73.98 19.51 93.49 3.27 3.37
5. Pulambadi 58.96 59 76.27 16.95 93.22 3.61 0.52
6. Periyakaruppu Odai 61.91 74 72.97 20.27 93.24 3.78 0.51
7 Kalungi 88.10 117 82.05 13.68 95.73 4.67 0.42
8. Kottarakkunnu 186.86 240 76.25 16.67 92.92 3.75 0.55
9. Solaimatti 59.59 70 78.57 17.14 95.71 4.19 0.64
10. Silaiyur 59.58 60 81.67 11.67 93.34 4.11 0.66
11. Valaiyur 28.08 30 80.00 16.67 96.67 4.90 0.43
12. Chinnar 72.80 76 75.00 18.42 93.42 3.86 0.69
13. Koneri 412.53 458 73.80 18.56 92.36 3.30 0.93
14. Nakkaselam 39.04 47 70.21 21.28 91.49 3.21 0.64
15. Turaiyur Kalathur 41.58 45 68.89 22.22 91.11 3.14 0.73
16. Sengattuppatti 141.54 162 75.31 17.90 93.21 3.46 0.77
17. Maruvattur 96.83 85 69.41 21.18 90.59 2.84 0.94
18. Kanappadi 131.94 151 72.85 20.53 93.38 3.37 0.72
19. Shobanapuram 195.13 223 74.89 18.39 93.28 3.67 0.76
20. Thalugai 308.60 346 72.54 19.08 91.62 4.40 0.57



Applied Water Science (2018) 8:31 

1 3

Page 13 of 19 31

whereas the larger watersheds such as Koneri, Thalugai and 
Kottarakkannu are likely to have lower sediment yield and 
flood discharge per unit area.

Watershed length

Basin length is the longest length of the basin, from the 
catchment to the point of confluence (Gregory and Walling 
1973) and this measure is essential to estimate the shape, 
and also the relative relief of the watersheds. The lengths of 
watersheds of the study area estimated shows that it varies 
from 6.17 km (Nakkasalem) to 20.30 km (Koneri water-
shed). Koneri, Kottarakunu, Talugai and Belur watersheds 
are longer (> 14 km), whereas Nakkasalem, Thuraiyur Kala-
thur, Sendarapatti and Valaiyur are shorter (≤ 8 km). Length 
is moderate in rest of the other watersheds.

Basin shape

Basin shape is the direct outcome of the drainage develop-
ment in a particular basin. It is evidenced that the basins 
are pear shaped in early stages and as the erosion cycle 
advances, the shape becomes more elongated (Padmaja Rao 
1978). Form factor (F), suggested by Horton (1932) as an 
index for determining the shape of the basin has been made 
use of for the purpose. It is defined as the ratio of the area 

of the basin to the square of the length of the basin, and 
according to Horton (1932), the value of ‘F’ varies from 
0 (for basins with highly elongated shape) to 1 (for a basin 
with perfect circular shape).

Among the watersheds of the study area the form fac-
tor values ranges from 0.17 (Kalungi watershed) to 0.53 
(Sendarapatti watershed). Among the watersheds of the 
study area the estimated form factor value is low (≤ 0.25) 
in Kalungi, Silaiyur, Belur, Kallar and Valaiyur watersheds, 
and high (> 0.40) in Sendarapatti, Thalugai, Nakkaselam 
and Shobanapuram watersheds. In rest of the other water-
sheds it is moderate (0.26–0.40). The form factor values 
estimated for the watersheds of the study area shows that 
it ranges from 0.17 (Kalungi watershed) to 0.53 (Sendara-
patti watershed) which reflect the elongated shape of all the 
watersheds, and the variation in form factor values among 
the watersheds reflects only the degree of elongation of the 
watersheds.

The shape of the watershed influences the way in which 
floods are formed and move. It is known that floods are 
formed and travel more rapidly in a circular watershed which 
implies that and floods are stronger and have a higher veloc-
ity (Zavoianu 1985) in such watersheds. This is due to the 
fact that in a circular basin run off from various parts of 
the basin reach the outlet at the same time resulting in a 
shorter lag time and a higher peak flow (Zavoianu 1985; 

Table 3  Areal aspects

DD*, drainage density (in km/sq. km); SF*, stream frequency (no. streams/sq. km); LOF*, length of over-
land flow (km); Inf. no*, infiltration number

Sl. no. Watershed name Area (sq. km) Watershed 
length (km)

Form factor DD* SF* LOF* Inf. no.*

1. Sendarapatti 27.34 7.17 0.53 2.65 3.18 0.75 8.44
2. Kallar 33.49 12.24 0.22 2.97 4.06 0.67 12.05
3. Belur 42.90 14.16 0.21 2.54 3.64 0.79 9.24
4. Gangavalli 44.73 11.55 0.34 2.58 2.75 0.78 7.09
5. Pulambadi 31.05 9.21 0.37 1.90 1.90 1.05 3.61
6. Periyakaruppu Odai 21.25 8.73 0.28 2.91 3.48 0.69 10.15
7. Kalungi 30.31 13.44 0.17 2.91 3.86 0.69 11.22
8. Kottarakkannu 78.98 15.40 0.33 2.37 3.04 0.85 7.19
9. Solaimatti 21.68 8.69 0.29 2.75 3.23 0.73 8.87
10. Silaiyur 28.66 11.60 0.21 2.08 2.09 0.96 4.35
11. Valaiyur 14.19 8.08 0.22 1.98 2.11 1.01 4.18
12. Chinnar 29.21 10.05 0.29 2.49 2.60 0.80 6.48
13. Koneri 159.50 20.30 0.39 2.59 2.87 0.77 7.43
14. Nakkaselam 15.74 6.17 0.41 2.48 2.99 0.81 7.41
15. Turaiyur Kalathur 15.59 6.25 0.40 2.67 2.89 0.75 7.70
16. Sengattuppatti 45.59 11.44 0.35 3.10 3.55 0.64 11.03
17. Maruvattur 45.02 10.70 0.39 2.15 1.89 0.93 4.06
18. Kanappadi 51.95 12.18 0.35 2.54 2.91 0.79 7.38
19. Shobanapuram 57.33 11.92 0.40 3.40 3.89 0.59 13.24
20. Thalugai 103.23 15.15 0.45 2.99 3.35 0.67 10.02
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Waugh 1995). In case of elongated basins, the tributaries 
flow into the main stream at greater intervals of time and 
space and this broader distribution of flow path lengths and, 
therefore, a wide range of travel time results in lower peak 
flow of longer duration. This implies that the flood flows 
are easier to manage in elongated basins whereas in case of 
circular basins it is difficult to manage. Though the form fac-
tor values clearly reflect the absence of a perfectly circular 
watershed and hence the absence of any highly flood prone 
watershed in the study area, it is possible to identify water-
sheds which are the least, and moderately prone for flash 
floods. The five watersheds viz., Kalungi, Silaiyur, Belur, 
Kallar and Valaiyur watersheds which are highly elongated 
as revealed from their low form factor values are the water-
sheds least prone for flash flood whereas the five watersheds, 
viz., Sendarapatti, Thalugai, Nakkaselam, Turaiyur Kalathur 
and Shobanapuram which are less elongated on account of 
their relatively higher form factor values are moderately 
prone for flash floods.

Drainage density

Drainage density refers to the length of streams within 
a watershed per unit area (Horton 1932), and among the 
watersheds of the study area it ranges from 1.90 (Pulambadi 
watershed) to 3.40 km/sq. km (Shobanapuram watershed). It 
is low (< 2.30 km/sq. km) in Pulambadi, Valaiyur, Silaiyur 
and Maruvattur watersheds, high (> 2.90 km/sq. km) in Sho-
banapuram, Sengattuppatti, Thalugai, Kallar, Periyakaruppu 
Odai and Kalungi watersheds, and moderate (2.30–2.90 km/
sq. km) in rest of the other watersheds.

Drainage density has been used by a number of workers to 
describe wide ranging characters within a watershed/basin. 
Studies have shown that drainage density is one of the most 
sensitive and variable morphometric parameters and it has 
direct relationship with rainfall intensity (Chorley 1957a, b; 
Chorley and Morgan 1962), rock resistivity (Zavoianu 1985; 
Gardiner 1996; Sangireddy et al. 2016), mean annual run 
off (Morisawa 1962), and an inverse relationship with the 
degree of development of a drainage net within a basin (Hor-
ton 1945), infiltration capacity (Horton 1945; Melton 1957), 
permeability (Strahler 1956; Zavoianu 1985), vegetation 
cover (Chorley 1957a, b) and texture of landscape dissection 
and spacing of streams (Chorley 1969). Drainage density 
affects the run off pattern, in that a high drainage density 
removes surface run off rapidly, decreasing the lag time and 
increasing the peak of the hydrograph (Chorley 1969). From 
the above described relationship drainage density has with 
several drainage basin characteristics, it can be inferred that 
on account of low drainage density, Pulambadi, Valaiyur, 
Silaiyur and Maruvattur watersheds are likely to have lower 
rainfall intensity, lower rock resistivity, lower mean annual 
run off, higher infiltration capacity/permeability, higher 

vegetation cover and are well drained. On the other hand, in 
the watersheds of Shobanapuram, Sengattuppatti, Thalugai, 
Kallar, Periyakaruppu Odai and Kalungi, on account of their 
high drainage density, the rainfall intensity, rock resistivity 
and mean annual run off are likely to be high whereas the 
infiltration capacity/permeability and vegetation cover are 
likely to be lower, and further these watersheds are less well 
drained.

Stream frequency

The stream frequency is the ratio between the total num-
ber of stream segments of all orders in a watershed and the 
basin/watershed area (Horton 1945). It refers to the number 
of streams per unit area. Estimation of stream frequency 
value for the watersheds of the study area shows that it 
ranges from 1.89 (Maruvattur watershed) to 4.06 streams/
sq. km (Kallar watershed). Based on the estimated stream 
frequency values, the watersheds were grouped as those with 
low (< 2.5 streams/sq. km), moderate (2.6–3.5 streams/sq. 
km) and high stream frequency (> 3.5 streams/sq. km). The 
analysis of stream frequency values of the watersheds of 
the study area shows that the stream frequency is low in 
Maruvattur, Pulambadi, Silaiyur and Valaiyur watersheds 
and is high in Kallar, Shobanapuram, Kalungi, Belur and 
Sengattuppatti watersheds.

Stream frequency is directly related to the degree of dis-
section (Pankaj and Kumar 2009) and run off (Sujata Biswas 
and Sudhakar Desai 1999), and inversely related to mean 
annual rainfall (Morisawa 1962). This implies that water-
sheds with low stream frequency values such as Maruvat-
tur, Pulambadi, Silaiyur and Valaiyur are likely to have 
higher mean annual rainfall and lower degree of dissection 
and lower run off. On the other hand watersheds with high 
stream frequency values such as Kallar, Shobanapuram, 
Kalungi, Belur and Sengattuppatti are likely to have lower 
mean annual rainfall and higher degree of dissection and 
higher run off.

Length of overland flow

Length of overland flow which is half the reciprocal of drain-
age density (Horton 1945) is used to describe the length of 
flow of water over the ground before it becomes concen-
trated in definite stream channels. Among the watersheds 
of the study area, it ranges from 0.59 km (Shobanapuram 
watershed) to 1.05 km (Pulambadi watershed). The length 
of overland flow is shorter (≤ 0.70 km) in Shobanapuram, 
Sengattupatti, Talugai, Kallar, Periyakarruppu Odai and 
Kalungi watersheds, longer (> 0.90 km) in Pulambadi, Val-
aiyur, Silaiyur and Maruvattur watersheds, and is moderate 
in rest of the other watersheds (0.70–0.90 km).
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In watersheds with shorter length of overland flow val-
ues, rain water will enter the stream relatively quickly, and 
lesser rainfall is sufficient to contribute a significant volume 
of surface run off to stream discharge. Also this factor has 
an important control over lag time (Chorley 1969) due to 
the fact that the mean velocity of the unconcentrated over-
land flow is less than concentrated channel flow. Smaller 
values can cause flooding in days of heavy rain, due to the 
reduced possibility of water infiltration into the soil (Olsze-
vski et al. 2011). From the above inferences, it is evident 
that in watersheds with shorter length of overland flow val-
ues such as Shobanapuram, Sengattupatti, Talugai, Kallar, 
Periyakarruppu Odai and Kalungi, rain water will enter the 
stream relatively quickly, and lesser rainfall is sufficient to 
contribute a significant volume of surface run off to stream 
discharge, and the lag time will be shorter making them flash 
flood prone. On the other hand, rain water will take relatively 
more time to enter into the stream, and hence only in case of 
higher rainfall there would be significant volume of surface 
run off to stream discharge in Pulambadi, Valaiyur, Silaiyur 
and Maruvattur watersheds where the length of overland 
flow is longer. This implies that the lag time is likely to be 
longer in these watersheds resulting in lesser flash flood risk 
in these four watersheds.

Infiltration number

The infiltration number is the product of drainage density 
and stream frequency, and it reflects the infiltration poten-
tial of a watershed. Lower infiltration numbers indicate 
higher infiltration and lower run-off (Faniran 1968; Das 
and Mukherjee 2005; Joji et al. 2013; Elewa et al. 2016). 
Among the watersheds of the study area, the infiltration 
number ranges from 3.61 (Pulambadi) to 13.24 (Shoban-
apuram). Watersheds with lower infiltration number values 
(≤ 6) include Pulambadi, Maruvattur, Silaiyur and Valai-
yur watersheds and those with higher infiltration number 
(> 10) include Shobanapuram, Kallar, Kalungi, Sengattu-
patti, Periyakarruppu Odai and Thalugai watersheds. In rest 
of the watersheds it is moderate (7–10). This implies that 
in watersheds with lower infiltration values such as Pulam-
badi, Maruvattur, Silaiyur and Valaiyur watersheds infiltra-
tion potential is higher. In case of watersheds with higher 
infiltration number such as Shobanapuram, Kallar, Kalungi, 
Sengattupatti, Periyakarruppu Odai and Thalugai, infiltra-
tion potential is relatively lower.

Relief aspects

The relief aspects of the drainage basins are related to the 
study of the three dimensional features of a basin/watershed 
involving area, volume and attitude of the vertical dimension 
of landforms. In short, this refers to the vertical component 

of a drainage basin. The relief aspects considered for the 
present study include basin relief, relief ratio and rugged-
ness number.

Relief

Relief of the watershed is the elevation difference between 
mouth and the highest point on the watershed perimeter and 
is expressed in meters. The relief values estimated shows 
that among the watersheds of the study area, it ranges from 
430 m (Nakkasalem watershed) to 1131 m (Talugai water-
shed). The relief is low (< 500 m) in Nakkasalem, Thurai-
yur Kalathur, Gangavalli and Pulambadi watersheds, high 
(> 850 m) in Talugai, Shobanapuram, Kottarakunnu and 
Kalungi watersheds, and moderate (500–850 m) in rest of 
the other watersheds (Table 4). As relief possesses direct 
relationship with potential energy (Strahler 1968), denu-
dation rate (Ahnert 1970), amount of sediment that can 
be transported (Hadley and Schumm 1961) and discharge 
rate (Mociornita 1964; Diaconu 1966) of a watershed, it is 
likely that the potential energy, denudation rate, the amount 
of sediment transported and discharge rate are likely to be 
higher in watersheds with higher relief such as Talugai, Sho-
banapuram, Kottarakunnu and Kalungi watersheds and are 
likely to be low in Nakkasalem, Thuraiyur Kalathur, Gan-
gavalli and Pulambadi watersheds. In rest of the other water-
sheds these processes are likely to be moderate because of 
their moderate relief.

Relief ratio

It is the ratio between the total relief of the basin and its 
longest dimension parallel to the principal drainage line. 
For the watersheds of the study area, the estimated relief 
ratio values vary from 37.29 (Koneri watershed) to 83.31 
(Solaimatti watershed). It is high (> 75) in Solaimatti, Val-
aiyur and Thuraiyur Kalathur watersheds, low (≤ 55) in 
Koneri, Gangavalli and Pulambadi watersheds and is mod-
erate (56–75) in rest of the other watersheds. Relief ratio is 
an indicator of steepness (Schumm 1956), intensity of ero-
sion process (Chopra et al. 2005; Javed et al. 2009; Ajibade 
et al. 2010), and also a measure of potential energy available 
to move water and sediment down slope (Sarkar and Gun-
dekar 2007) and is directly related with all these processes. 
From the interrelationship relief ratio has with the factors 
discussed above it is likely that steepness, potential energy 
and the intensity of erosion process are likely to be high in 
watersheds with high relief ratio such as Solaimatti, Valaiyur 
and Thuraiyur Kalathur. Whereas these factors are likely to 
be low in Koneri, Gangavalli and Pulambadi where the relief 
ratio values are low, and moderate in other watersheds on 
account of their moderate relief ratio values.
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Relative relief

Relative relief, introduced by Melton (1957) is the ratio 
between the relief and perimeter of the watershed. It has 
the advantage over relief ratio in that it is not dependent on 
the basin length which is questionable parameter in oddly 
shaped watersheds. For the watersheds of the study area, 
the estimated relative relief values vary from 11.94 (Kon-
eri watershed) to 31.31 (Solaimatti watershed). The rela-
tive relief values are higher (> 25) for Solaimatti, Valaiyur, 
Silaiyur and Kalungi watersheds, lower (≤ 19) for Koneri, 
Gangavalli, Kottarakunnu, Belur and Pulambadi watersheds, 
and moderate (20–25) for the rest of the other watersheds.

Relative relief is considered to be the most reliable poten-
tial predictor of denudation rates (Ahnert 1970; Summerfield 
and Hulton 1994; Gunnel 1998). On account of the direct 
relationship between relative relief and denudation rates, it 
can be inferred that the denudation rates are likely to be 
higher in Solaimatti, Valaiyur, Silaiyur and Kalungi water-
sheds, lower in Koneri, Gangavalli, Kattarakunnu, Belur and 
Pulambadi watersheds, and moderate in rest of the other 
watersheds.

Ruggedness number

Ruggedness number, the product of relief and drainage den-
sity is an index which reflects slope steepness and length. 

It was estimated using the relationship, Ruggedness Num-
ber = ((Drainage Density × Relief)/5280) as suggested by 
Hart (1986). The estimated ruggedness number value for 
the watersheds of the study area ranges from 0.17 (Pulam-
badi watershed) to 0.64 (Thalugai watershed). The rugged-
ness number is relatively high (> 0.45) in Talugai, Shoban-
apuram, Sengattupatti and Kalungi watersheds, low (≤ 0.25) 
in Pulambadi, Nakkasalem, Valaiyur, Gangavalli and Thurai-
yur Kalattur watersheds, and moderate (0.26–0.45) in rest 
of the watersheds.

Extremely high values of the ruggedness number occur 
when both variables are large, i.e., when slopes are not only 
steep but long as well (Chow 1964). Further, it is found to 
be directly proportional to relative peak discharge (Patton 
1988). From the relationship ruggedness number possesses 
with slope and relative peak discharge put forward by Chow 
(1964), it is likely that the slopes are steep and long, and 
also the peak discharge is relatively high in Talugai, Shoba-
napuram, Sengattupatti and Kalungi watersheds, where the 
estimated ruggedness number value is high, whereas slopes 
are less steep and lesser in length, and the peak discharge is 
relatively low in watersheds such as Pulambadi, Nakkasa-
lem, Valaiyur, Gangavalli and Thuraiyur Kalattur where the 
estimated ruggedness number value is low. In other water-
sheds, the slope is likely to be moderately steep and of mod-
erate length, and the peak discharge is relatively moderate on 
account of their moderate ruggedness number.

Table 4  Relief aspects

Sl. no Watershed name Max. elevation 
(in m)

Min. elevation 
(in m)

Relief (in m) Relative relief Relief ratio Ruggedness no.

1. Sendarapatti 781 257 524 22.66 73.08 0.26
2. Kallar 1021 230 791 23.19 64.62 0.44
3. Belur 1071 225 846 18.51 59.75 0.41
4. Gangavalli 660 178 482 15.06 41.73 0.24
5. Pulambadi 647 161 486 18.75 52.77 0.17
6. Periyakaruppu Odai 721 168 553 22.79 63.34 0.31
7. Kalungi 1022 169 853 25.02 63.47 0.47
8. Kottarakkunnu 1022 165 857 17.97 55.65 0.38
9. Solaimatti 894 170 724 31.31 83.31 0.38
10. Silaiyur 930 154 776 25.60 66.90 0.31
11. Valaiyur 816 190 626 29.61 77.48 0.23
12. Chinnar 728 155 573 22.23 57.01 0.27
13. Koneri 887 130 757 11.94 37.29 0.37
14. Nakkaselam 557 127 430 24.21 69.69 0.20
15. Turaiyur Kalathur 601 130 471 21.95 75.36 0.24
16. Sengattuppatti 992 155 837 20.93 73.16 0.49
17. Maruvattur 900 165 735 23.60 68.69 0.30
18. Kanappadi 992 151 841 21.56 69.05 0.40
19. Shobanapuram 1055 170 885 21.35 74.24 0.57
20. Thalugai 1311 180 1131 19.26 74.65 0.64
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The important findings of the study are summarized in 
the following section:

Most of the watersheds of the study area are either fourth 
or fifth order watersheds. The trunk stream of the water-
sheds is found to be medium stream with the exception of 
Valaiyur watershed where it is a headwater stream. The num-
ber of streams decreases with increasing stream order in 
all the watersheds of the study area. The lower order (first 
and second order) streams constitute very high proportion 
(ranging from about 91 to 97%), of the streams of the water-
sheds, characteristic of hilly watersheds. The analysis of the 
proportion of lower order streams of the watersheds shows 
that Valaiyur, Belur, Kalungi, Solaimatti and Kallar water-
sheds are characteristic of steeper slopes and quicker water 
flow, whereas Nakkasalem, Maruvattur, Thuraiyur Kala-
thur and Talugai watersheds are less steeper with relatively 
lesser water flow velocity. The distinct variation of bifurca-
tion ratio values among various orders in each watershed, 
reflects the variations in local physiography and geologi-
cal conditions within each watershed. The analysis of mean 
bifurcation ration values of the watersheds shows that the 
drainage network in all the watersheds of the study area is 
well developed. It also shows the relatively greater degree of 
branching, lesser elongation, and higher flash flood potential 
of Maruvattur, Thuraiyur Kalathur, Nakkasalem, Gangav-
alli, Koneri, Kanappadi and Sengattupatti watersheds, and 
lesser degree of branching, greater elongation and lesser 
flash flood potential of Belur, Valaiyur, Kallar and Kalungi 
watersheds. The mean annual run off would be higher in 
Koneri, Thalugai, Shobanapuram and Kottarakkannu water-
sheds on account of their high total stream lengths, and rela-
tively lower in Valaiyur, Nakkaselam, Thuraiyur Kalathur, 
Silaiyur, Solaimatti, Pulambadi and Periyakaruppu Odai 
watersheds on account of their low total stream lengths. In 
general, it is observed that the mean stream length increases 
with the stream order in almost all the watersheds.

The analysis of areal extent of the watersheds shows 
higher mean annual run off, higher mean discharge, lower 
sediment yield and lower flood discharge per unit area in 
larger watersheds such as Koneri, Thalugai and Kottarak-
kannu. Smaller watersheds such as Valaiyur, Thuraiyur 
Kalathur, Nakkasalem, Periyakaruppu Odai and Solaimati 
are likely to have lower mean annual run off, lower mean 
discharge, higher sediment yield and higher flood dis-
charge per unit area. Among the watersheds Koneri, Kot-
tarakunu, Talugai and Belur watersheds are longer whereas 
Nakkasalem, Thuraiyur Kalathur, Sendarapatti and Valai-
yur are shorter. The low drainage density in the watersheds 
of Pulambadi, Valaiyur, Silaiyur and Maruvattur reflects 
the lower rainfall intensity, rock resistivity, mean annual 
run off and higher vegetation cover. In contrast, the high 
drainage density in the watersheds of Shobanapuram, 
Sengattuppatti, Thalugai, Kallar, Periyakaruppu Odai and 

Kalungi reflects the higher rainfall intensity, rock resistiv-
ity, mean annual run off and lower vegetation cover. The 
analysis the estimated stream frequency values reveals that 
Maruvattur, Pulambadi, Silaiyur and Valaiyur are likely 
to have higher mean annual rainfall and lower degree of 
dissection and lower run off. On the other hand watersheds 
with high stream frequency values such as Kallar, Sho-
banapuram, Kalungi, Belur and Sengattuppatti are likely 
to have lower mean annual rainfall and higher degree of 
dissection and higher run off. Shorter length of overland 
flow in Shobanapuram, Sengattupatti, Talugai, Kallar, 
Periyakarruppu Odai and Kalungi watersheds implies 
that rain water will enter the stream relatively quickly, 
and lesser rainfall is sufficient to contribute a significant 
volume of surface run off to stream discharge, and the lag 
time will be shorter making them flash flood prone. In case 
of watersheds with longer length of overland flow such 
as Pulambadi, Valaiyur, Silaiyur and Maruvattur water-
sheds rain water will take relatively more time to enter 
into the stream, and hence only in case of higher rain-
fall there would be significant volume of surface run off 
to stream discharge. Longer lag time in these watersheds 
implies easier flood management. The analysis of infiltra-
tion number reveals that infiltration potential is higher in 
Pulambadi, Maruvattur, Silaiyur and Valaiyur watersheds 
on account of lower infiltration number values. On the 
otherhand it is lower in Shobanapuram, Kallar, Kalungi, 
Sengattupatti, Periyakarruppu Odai and Thalugai water-
sheds in view of higher infiltration number.

The analysis of the estimated relief of the watersheds 
reveal that potential energy, denudation rate, the amount 
of sediment transported and discharge rate are likely to be 
higher in watersheds with higher relief such as Talugai, Sho-
banapuram, Kottarakunnu and Kalungi watersheds and are 
likely to be low in Nakkasalem, Thuraiyur Kalathur, Gan-
gavalli and Pulambadi watersheds. The analysis of the relief 
ratio values of the watersheds reflects the steeper terrain 
condition, higher potential energy and intensity of erosion in 
watersheds with high relief ratio such as Solaimatti, Valaiyur 
and Thuraiyur Kalathur. However, the lower relief ratio val-
ues of Koneri, Gangavalli and Pulambadi watersheds reflect 
lesser steepness, and lesser potential energy and intensity of 
erosion. The higher relative relief values reflects higher den-
udation rates in Solaimatti, Valaiyur, Silaiyur and Kalungi 
watersheds whereas it is lower in Koneri, Gangavalli, Kot-
tarakunnu, Belur and Pulambadi watersheds on account of 
lower relative relief values. The estimated higher rugged-
ness number values for Talugai, Shobanapuram, Sengattu-
patti and Kalungi watersheds reveal that the slopes are not 
only steep but also long, and further the peak discharge is 
relatively high these watersheds. In case of watersheds with 
lower ruggedness number such as Pulambadi, Nakkasalem, 
Valaiyur, Gangavalli and Thuraiyur Kalattur the slopes are 
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less steep and lesser in length, and further the peak discharge 
is relatively low.

Conclusion

The present study has helped to decipher information relat-
ing to the form, geomorphic and hydrologic processes of 
the 20 watersheds of the Pachamalai hills and its adjoin-
ings. Besides this, understanding the variations of these 
form and processes among the watersheds of the study can 
serve as essential input towards prioritizing the watersheds 
for formulating effective strategies towards the land and 
water management of this important resource-rich hill of 
the region.
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