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A OUANTIFIED APPROACH TO THE IVIULTIVARIATE INFLUENCE OF
GEOMORPHIC PARAMETERS ON THE DRAINAGE NETWORK OF

THE KONKAN COASTAL BELT, IVIAHARASHTRA

U. D. Kulkarni & V. S. Kale, Pune and K. B. Powar, Kolhapur

ABSTRACT : The relief and drainage parameters of three rivers basins in the Konkan
Coastal Belt have been statistically correlated in order to establish their combined effcct
on drainage network form:rtion. With the help of Principal Component Scores the
basins are classifled according to the influential nature of these variables. The struc-
tural control over drainage network formation has been brought out by the collection
of lineament and drainage patterns of the three basins,

INTRODUCTION

The necessity of a quantita.tive approa.ch

to problems of geomorphic evolution was
brought out in the yea.rs irnmedia.tely
following the Second World War through
the publications of Horton (1945), Stralher
(1952, 1956, 1957), Sa.vigea.r (19'56, 1967 ),
Scheidegger (1961, 1965) and others. In
these publications the river basin wa.s gene-

rally accepted to be the idea.l 1;eomorphic
unit for morphometric analysis but the para-
meters or parameter-groups studied, such

as relief, slope or dra.ina.ge were largely
univaria.te or bivariate. However, as

Chrrrley (1967) pointed out, geomorphic
phenomenon is the result of 'a number of
simultaneously operating variables wlaich

should be evaluated separately, reiatively and
in conabination. Hence, a rnultiva.riate
approach becomes essential. In India, such

an approach ha.s not been generally adopted
except for a few isolated case-studies, like
that of Prava.ra river basin of ]vlahara.shtra
by Kale and Raja.guru (1986). In this pa.per

we present the results of a nrultir,a.fia,te para-
rnetric approach to the problem of drainage
basin evolution, that was adopted for three
basins-the Patalganga, the Arnba and the
Kal-in the Konkan Coastal Belt of western
Maharashtra.

THE GBOMORPHIC SETTING

Tl-le three river ba.sins studied fa.ll withiir
the Konkan Coa.stal Belt of Ma.ha.ra.slr:,tra.*

the na.rrow coa,sta.l pla.in lying between the
coastline of Arabian Sea a.nd Western Ghats
Scra.p tha.t is developed in Decca.n ba.sa,lts of
Creta.ceous*Eocene volca.nocity. This belt
displa.ys a va.riety of la.ndtbrrns developed due
to fluvia.l a.nd marine a.ctivity-both, erosional
and depositional. The a.ltitude varies fronr
sea. level to a.bout ll80 rnts. rvith. the eleva.ted
a.reas occurring in the form of north-south,
northwest-southeast a.nd ea.st-wcst trcnding
ranges rising over a. Iow plain. Kale (1983)
is of thc vicw tha.t th.e Konka,n draina,ge wa,s

established during the post-Western Ghats
formation period and is of Mio-Pliocene
age.

METHODOLOGY

In order to eva.lua.te the va.ria.tion in th.e'

dra.ina,ge and relief a,spects, it is necessary

to underta.ke a rnicrolevel study. The main
a.pproa.clres a.re normally a.dopted

( I ) by dividing the study a.rea on thc
ba.sis of stre?.m orders, and

(2) bV d.ividing the basin into grids i.e.

the quadrat method.
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The second approach ha.s the advantage
of hi ghlighting the microvariations, irrespec-
tive of the ba.sin order. Further the study
a.rea, exhibits significa.nt va.riations in its
morphological chara.cteristics which can be
eva.lrra.ted only by the quadrat method.
Hence, in this study it has been adopted.
The three river basins were subdivided into
grids of 1.6 x 1.6 km. ( I rnile x I mile)
a.nd this gave 149 qtu.drates within the
Pa.ta.lganga ba,sin, 284 quadrates within the
Amba ba.sin and 95 quadra.tes within the Kal
river basins. Absolute relief, rela.tive relief,
streer.m frequency, dra.ina.ge density ( Ka,le

and Rajguru, 1986) a.nd, rnajor stream direc-
tions were computed for eacb quadra.t.
Slope wa.s calculated, following the procedure
given by Stralher (1965). The ordering of
strearns was done a.ccording to Horton's
(1945) rnethod.

The different geomorphic paraureters listed
above ( except stream directions ) were com-
pared by using correlation which iudica.tes

whether tlre rela.'ionship betweeu any two
variables is positive or negative. Inter-
correlating groups were identified ( Lawley
a.nd Ma.xwell, 1963 ) by Principal Cornpo-
nent Ana.lysis (PCA) which enables the
a.bstraction of influentia.l or 'causal' d?ia,
responsible for observed variability, from
a set of measured data.

DRAINAGE CHARACTERISTICS

The dra.inage channels in the tlaree basins

are cha,racterised by more or less straight
segments witlr, sha.rp, a,lmost right angled
turns, suggestive of structural controls,
(Dikshrit 1976, Powa.r,et al, 1978, 1979).
Tlae drainage patterns within the three
ba.sins (Fig. 1) vary from dentritic to sub-

dendritic. In the Ptta.ngalga, the strearns

exhibit dendritic, sub-dend,ritic to trellis
type of dra.inage, network of Amba is

cha.ra.cterised by dendritic, sub-dendritic,

pa.ra.llel and trellis types. The ba.sin is

subjected to tidal influence upto Nagothana.

The Kal basin has sub-dendritic, parallel to
trellis type of drainage.

These three basins drain into the Arabian
Sea. The Patalgatga a.nd. the Arnba merge
into the sea at Dharamtar Creek. The Kal
river forms a major tributory of Savitri. The
drainage parameters of the three basins have
boen summa.rised in Table I.

ft is observed from Table I that the Patal-
ganga a,nd Arnba arc lth order strearns, while
the Kal is 6th order strearn. The average
bifurcation ratio for the Patalganga basin is
slightly Iower tha.n that of the average values
between 3.00 to 5.00 normally obtained.
In Arnba and Kal they range between 4.06
and 3.33. Further, in the case of Amba
basin an anomalously high bifurcation ratio
of 8.60 was obtained for the 3rd order
streams suggesting a strong structural con-
trol. The plots of logarithms of mean
strearn lengths a.gainst the logarithms of
order of streams (Fig. 2) are corrcave down-
wards, which are suggestive of headward
erosion of strearns along shear or fracture
zones as opined by Kanegaonkar (1977).

BIVARIATE CORRELATION

Although the rela.tionships between the
drainage and relief pararneters have been
accepted, the degree of association may vary
from one basin to the other. These varia-
tions reflect the control oflithology, structure,
climate and environment. The most widely
used technique for such a.n evaluation of the
association is the correlation.

The biva.ria.te correlation coefficients
obtained for the three basins are presented

in the Table II.

In case of Arnba, all the correlations are
positive. These are also true for the Patal-
ganga and Kal basins, except for the nega-

tive correlations obtained between slope on

one hand and, drainage density and stream
frequency on the other. As is to be expected,
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TABLE I

Drainage parameters of the Patalganga, Amba

and Kal river basins

Streams
Total I Mean

Number I B. R. Length , Length

I ,tinfms.) (inxms.)

Patilsania
Basin

t_

i 196.80

3.87 150.42
l

2.95 , 107.20

lst order

2nd order

3rd order

4th order

5th order

6th order

7th order

Total/(Av.)

Amba Basin

lst order

2nd order

3rd order

4th order

5th order

6th order

7th order

Total/(Av.)

527

136

46

15

7

2

I

734

Kal Basin

lst order

2nd order

3rd order

- 4th order

, 5th order

6th order

1870

456

53

40

1I

4

I

2435

360

107

27

I
a

I

505

4.10

8.60

L37.

3.63

2.75

4.00

(4.06)

3.36

3.96

3,31t

400

200

(3.3 3t

3.06

2.14

3.50

2.00

(2.921

44.06

48.04

15.50

32,16

594.1 8

417.62

282.80

166.50

149,62

71.28

36.20

5E.40

1183.22

184.00

l4l.@

60.00

43.20

18.40

25.60

473.00Total/(Av.)

0.37

1.10

230

2.9C

6.80

7.70

32.16

7.61

0.22

0.64

3.13

3.74

6.46

8.80

48.40

(il.6)

0.51

1.32

2.22

. 5.40

9.20

25,60

(7,37)
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TABLE IT

Bivariate correlation matrices for the Patalganga,
Amba and Kal basios

Bivariate Correlations
Variables

Ar 0 Dd sf

Patalgauga

total variance for the Patalganga, Amba and
Ka,l basins respectively. As these explained
varjances are statistically significant, they can
be used for further analysis.

The Principal Component Analysis indi-
cates that each Principal Component need
not reflect a single process but can be a
combination of distinct processes that
influence relative behaviour among the vari-
ables in a similar fashion. The pivotal
nature of drainage is suggestive of structural
control over draina.ge parameters causing the
rapid erosion along structural lineaments.

The two dimensiona.l plotting of the
comporent loadings, which represents the
two orthogonal components shows that
there are two similar groups of variables in
the case of Pata.lganga a.nd Amba rivers
which cluster around relief and drainage
respectively (Fig.3). The groupings sug-
gest tha.t the first three va.riables are inter-
correlated ( Ar, Rr a.nd Q ), as are the other
two-Dd and Sf. The grouping of the
varia.bles in the Amba basin is slightly
higher and therefore, suggestive of greater
geomorphic maturity. The Ka.l river exhi-
bits a different grouping and perhaps,
suggests an integra.tion of draina.ge with
relief. This ca.n be interpretated in terms of
the advanced stage of ba.sin and drainage
network development.

GEOMORPHIC SIGNIFICANCE

The Principal component scores were
represented separately for each grid in the
three basins and depending upon their
nature of dominance, these were grouped
separately. These groupings are shown in
Fig. 4 ( a, b, c ) and their classification is
as follows :

Dominantly Dissected Region :

It is characterised by the regions of high
relief with greater degree of drainage net-
wqrk formation. It includes the scarp

Rr

Bain

Ar

Rr

o
Dd

sf

0.96

I

0.51

0.44

I

0.05

0.09

- 0.06

I

0.20

o.t7

0.15

I

0.25

0.1I

0.20

I

0.15

0.19

-0.13
0.82

I

0.28

0.27

0.13

0.4s

I

o.26

0.14

0.26

0.70

I

Amba'. Basin

Ar

Rr

q
I

Dfu

sf

Bgsin

Ar
I

R!

ol
Dh

I

I

sfi
j

Kal

0.84I

I

0.(3

0.46

o.57

0.16

0.40

'iAr-Absoluterelief; Rr-Relativerelief:
O-Sl{ne: Dd-Drainage density & Sf-Stream
frequency.

,i
l1

thereli is a strong correla.tions between
absol[te relief and relqtive relief, and also
between drainage density and stream fre-
quency.

i,

PRINCIPAL COMPONENT ANALYSIS

The results of Principal Component
Analysis for the three basins are presented
in Table III. The first two components
explain 83.6%, 74.4% and 75.7'l of the

I

I

I
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TABLE III
Component loadings for the Patalganga, Amba and Kal basins

Patalganga Amba Kal

2t

Variables

Eigcn value

CI cII

2.36 1.82

Ar

Rr

o
Dd

sf

CI

2.51

CII

t.2t

-0.26
0.29

-0.34
0.63

0.57

0.53

0.47

0.04

0.48

o.49

CI

2.O9

cu

0.28

0.46

0.59

-0.40
-0.41

1.14

0.61

0.61

0.39

0.18

o.2l

-0.14

-0.10

-0.30
0.66

0.65

0.52

0.54

0.40

0.33

0.39

o/"Trace

Total explained
variance

36.40 50,2047.20 24.20 41.70 34.00

83.60 74.40 75.70
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along with steeply sloping water Pa.talganga., 26.40% of the Amba a.nd
The elevated localities near Kho-

region
divides.
polil are covered in this category in the
Pantalganga basin. In ca.se of Amba, the

regions to the west of Kha.nda.la-Lona,wala,

fall under this ca.tagory. In the Ka.l river,
dorninantly dissected region is observed in the
vicinity of eastern region of Nizarnpur.

\\irt:s3',o:rr a,gurrv> alou>\ )b.b\) arra o)

the Pata,lganga basin, 29.92"/( a.rcr, of the
Arnba basin and 21.21% a.rear of the Kal
basin. The localities of highly dissected scarp
region, structurally controlled and closely
spaced lineaments a.re observed in this region.
The hot springs of Pali are seen a.long the
straight segment of Amba river bed indi-
cating deep structura.l controls.

Highly Dissected Regton :

It covcrs about 28.18 \ of the Patalga.nga

basin,2l.12lof the Amba ba.sin a.nd 20.20%
of the Kal ba.sin. Some parts of the source

regions of t,re three rivers a.re included in
this type. The region chara.cteristises high
relief but with low relative reliel with low
secondary divides of the drainage basins.

Moderately Dissected Regiorts :

It covers about 20.13 \a.rea of Pata.lganga
basin, 22.531 of the Amba and approxi-
mately 23.23% area of the Kal ba.sins. The
ridges lying along the foot-hills of the Western
Ghats Scraps have such chara.cteristics. The
erosional surfaces at 150 mts. are included in
this type. Thesc a.lso include a.lmost flat
topped flows which have been dissected along
weaker zones.

Slightly Dissected Region :
These are the morphdlogically nature low

lying plains of thc three basins. The relief,
drainage density, stream frequcncy and
slopes are low. The marine planar surfa.ccs
of 3 to 15 mts. (Powar et al, 1978; Kul-
karni, 1986 ) are included in this type with
braided stream channels to the West. This
part of the basin covers about 24.83 I of the

34.34% of the Ka.l ba.sins.

The microlevel a.na,lysis of the dra.inage

a.nd relief pa.ra.meters ha.s clea.rly indicated
the spa.tial va.ria.tion in tlie pa.ra.meters. The

varia.tion ca.n be a,ccounted by the influence
of lithology a,nd structure as well as the

geomorphic history. With rr-spcct to [ith.o-
Iogy tliere is Iittle ve.ria.tion in tlte three ba.sins

a.nd therefore, it is unlikely tha,t the rock
type would ha.ve cxcrtcd a. very strong
iufluence on dra.inage ba.sin-chara.cteristics.
The r.ssocia.tion of high rclief in the sca.rp

zone witlr high frequency of streams suggests

tk.t the evolution of dra.inage network with
time hi..s a,n importa.nt role to play in deter-
mining th.e dra.ir-ra.ge cha.ra.ctu'ristics. There-
fore, sorne of the a.nornr.lous geornorphic
conditious ce.n be aJtributcd to thc sta.ge of
the dra.ina,ge nctwork development. How-
ever, the sta.ge of dra.ina.ge development does

not a.ccount for a.bnorma.lly high bifurca.tion
ratios a.nd the sub-dendritic a.nd trellis
patterns in the sub-ghat zone. Thereforc,
it wa.s felt necessa.ry to underta.ke deta.il

linea.ment a.nalysis of the three ba.sins.

The linea.ments provide a. good. mea.sure

for such a. study of a, regiona.l strea.m cha.rac-

teristics ( Closs, 1955, Bla.nchet. 1957,

Badglcy, 1962, 1965 Powa.r et ?.1. 1918, 1919,

Powa.r a.nd Ptrtil, 1983; Kulka.rni 1986 ).
Hencs linea.ments were idcntiflcd in tlte a.erial

photos on sca.le I :80,000 a.nd their concen-
tra.tion a.long different directions is shorvn in
Fig.5 (a. a,nd b).

In order to colla.te the lineament pa.ttern

with the dra.ina.ge netrvork pattern it wa.s

necessary to prepa.re a rosette dia.gram dra.in-
a.ge orienta.tions ( Fig. 6 ). The exercie
ma.nifests a strong associa.tion between tha
two varia.bles a.nd esta',biishes Lha.t the
structure has controlled the orienta.tion,
pattern, a.s rvell a.s the frequency of drainp.ge.
The authors are a.wa.re tha.t the lirrea,ments

identified on the aeria.l photos rnay reflect



24 TRANSACTIONS OF THE INSTITUTE OF INDIAN GEOGRAPIIERS

km3 0

PATALGANGA

LineanBnt map ot the Patalgang, Amba and Kat besirs

based on aerial PhotograPhs:

16 1.2 1'8

I

KAL

r,6 32

+
\

l1

\\

fif

N

+
Klh. 0 t.6 ]2 o

AM BA

ll
y'z

lfir
I

Frg. 5 a

1\



A Q.UANTIF"IED APPROACH TO THE MULTIYARIATE INFLUENCE, 25

+
<.

L'1,

tr No/o

I cln = l4ol.

Patalganga Amba Kal

Frg'5 b Frequency drslribution of the major Llneooontdirections

of the three basins

N

+
Scale.lcm=4S

PATALGANGA KAMgA KAL

Figi6i Frcquency distribution of the malor.stream directions
of the three basins



26 TRANSACTIONS OF THE INSTITUTE OF INDIAN GEOGRAPHERS

drainage orienta.tions to a. considera.ble
extent. Horvever, they a,lso coincide witlr
the dykes a.nd slrear a,nd fra.cture zorlss.
Hence, such a. comp",rision will not lead to
spurious a.nd wrong results.

OVERVIEWS

The present exercise on the dra.ina.ge and
ba.sin morphology b.a.s clea.rly brouglrt out
the differences in the basin-cha.rilcteristics.
The Pa.ta,lgtnga, Arnba a.nd Kal rivers
exhibit sta.tisca.lly siguifica.nt va.ria.tion it
their relief a,nd draina.ge par.q,meters. This
is inspite of uniform lithology, unifrrrur
clima.tic conditions as well a,s, sirnila.r evolu-
tiona.ry history. The present study suggcsts
that the interbasin diffcrences a.re re la.ted
partly to the sta,ge of dra.ina.ge rretwork deve-
Iopment and, to a considerable extc:nt, to
the structura,l framework of the river ba.sins.
The colla.tion of the linea.ment pa.ttcrrr a.nd

tJre dr4ina.ge h.as t nrphasiscd the strong
influcnce of strtrcturr". orr thc dre.itra.gc net-
work. Horvever. be clrusc l ltc dra.inage a.s

well a.s relief is inh.en:itcd qne ciurnot rule
out the possibility of other environmental
factors on thc dra.ina.gc org...niv.tiotr and
composition. Therefore, tlrere is a. need to
a.scerta.in the structura.l influc.ncc by under-
ta.king detail geological a.nd ge ophysical
stucl.ies to arrivc a.t va.lict conclusions.
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