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INTRODUCTION

Statistical techniques and models have had

rvide application in several fields of geology,
geograph), and oceanography. The theoretical
and mathematical development of the field is
covered in depth by Miller and Kalur (1962\.

Statistical rnodels and matrix techniques lvere
introduced by Krumbein and Graybill (1965).
The predicted and operational aspects ofdata
analysis as applied to earth seciences rvere

explained by Davis (1973). Dolan etal (1977)
applied eigen vector analysis to topographic
profiles from the sub-aerial portions of barrier
islands on the east Gulf coasts. Many of the

statistical methods developed for geology as a

rvhole can be used in the coastal regions.

Multiple regression, trend surface and factor
analysis have been applied to the coastal zone

(Fox, I 985). One such study has been atternpted

in the Coromandal coast of Tamil Nadu, India
using rnultiple regression and principle
component analysis using slope, grain size.

rvave period, wave height, r.vater depth, wave
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angle during south-rvest and north-east rnonsoon

as variables to find out the causes for the beach
profile change and to predict the oscillations,

STUDY AREA AND THE NATURE OF
THE PROBLEM

The Precambrian group ofmetamorphics w'hich
regionally exhibit a north-east-south-west trend,

the sediments of Gondwana. cretaceous and

tertiary group of rocks consist of fluvial and
rnarine landforms are the main geologic
formations lving adjaccnt to the Coromandal
coast in thc west. Fluvial landforms are
dominated by a network of deltas such as tllose
of Proto-Cauvery, Palar, Pounail,ar, Kallar,
Vellar, Manimuttat, Vagai and Tamiravaruni
rivers (Arucharny et al. 1992). The marine
landforms developed in the area are the beach

ridges, swales, backrvaters. baymouth bars

and off-shore bars and spits.

Coastal erosion and deposition are due to the

interaction between the rvinds, rvaves, currents,
tides, sediment size and supph' in the near
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shore zone. The movement of sedirnents oftcn
called littoral transport, is of trvo t)?es: one,

the longshore (parallcl to thc shore) and the
other onshore-off shore (perpendicular to
the shore). Erosion along the Coromandal
coast of Tamil Nadu is due to the longshore

transport, unlike the cyclonic erosion, rvhich is
bi-directional in nature. Longshore transport
results from the shoring up of sediments by the
breaking rvaves and movement ofthe sedimcnts
in a lorrgshore direction by the longshore current
generated by the breaking u,ave. The direction
of thc longshore transport is directly related to
thc direction of rvave approach. Thus, due to

the variabilit-y- ofthe rvave approach, longshore

trarsport direction lnay varv fronr season to
season, The study area experiences a bi-
directional longsrvhore liftoral transport due to
the change in the direction of littoral current
torvards north frorn January to Septernber and

torvards south from October to Dcccntber

)Sanrbasiva Rao, 1987; Aruchaml,et al, 1992).

As reversals in transport directions occur, two
aspects of longshore transport rate becomc

important. The first is the net rate, rvhich is the

net arnount of materials passing a particular
point in thc predominant direction during an

average y,ear. The other aspect is the gross

rate, the total of all materials moving past at a
giveir point in a ycar despite the dircction.

Tamil Nadu has lost rnanl' villages attd torms
in the past due to the ravages of the sea.

Therefore a coastline behaviour study has

been initiated by tho Institute of Hydraulics
and Hydrology, Poor:di, Tamil Nadu by
monitoring 30 observation sites rvith 229
reference pillars in various places covering a

Iength of 75 krn. fronr 1978 to 1988. Table I
shorvs the accretiott and erosion details for l5
obscrvation sites (Kaliasundaram et al, 1990;

Anti-erosion Cell, 1992). Of rvhich eight
stations have recorded erosions rvhile the rest

recordcd deposition.

BEACH PROFILE CHANGE

Often beach profile nrodelling requires
voluminous data regarding the slope, grain
size, uave period, u'avc height, wave angles
and so on for a particular site. Once the data
is collccted the seasonal changes and their
causes car bc modeled. One such change in
beach profile along the Califomia coast has

been successfully modeled using empirical eigen

functions (Winantet al 1975; Aubrey et all
1980) The empirical eigen firnction study has

used trventy years of data. Houever, in the
present study the data for l5 observation sites

were only available randomly on the long term
basis and spread over large area. The rnodelling
is attempted for the entire coast to understand
the phenornena of the beach profile change
through an cigen function model.

DATA

Data regarding rvavc hcight, rvave period,
rvave length, grain size and slope rvcre
collected from A,nti-erosion Cell for a period
of I I year, and tabulated in Table l. The
follorving facts were observed frortt the
table: They are : slope is very steep in Kovalam
(l/Sm) Mahabalipuranr (l/Sm), Uvari and
Karuriyakumari (l/9m). Very gentle slope

is observed in Pondicherry, Cuddalore,
Poompuhar, Tharangambadi and
Nagapattinarn (l/22.5nr) . The slope is moderate

in all other places, The grain sizc is 0.4 mm in
Kovalam and Mahabalipuram, r,vhich is the

smallest in size in thc study area. Whereas,
Uvari recorded 0.67 mnr. Above 0,5mnt sizes

\\,ere nleasured at kanniyakurnari, Manapad,
Tiruchendur, Ammapatinanr. Pondicherry and

Cuddalorc. The marimum \\'avc period is
observed in Pondiche rrt', Cuddalore,
Poonrpuhar and Tharangambadi (12.5
seconds). Thc minimum lvave period is

nreasured at Nagapattinam (4.5 seconds) Wave
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Table 1.

Slopc, grain size, Wave, erosion and accrction details

9

Name of
station

Slopc Grain

sile
(mm)

Wave

period

(s)

Ware

height

(rn)

Wlter
depth

(m)

(m)
Area Type

(acre)

Rate SW weve

approach

(Degree)

NE wave

approach

@egree)

Kovalam

Mahatralipurani

Pondichery

Cuddalore

Poornpuhar

Tharangamba di

Nagapattinarn

Point Calimere

Arnmapatinarn

Rameshrvaram

Kitlakarai

Tiruchendur

N{anapad

t Ivari

Kanniyakumari

ri8

li8

I t2?..5

v22.5

1122.5

u22.5

|22.5

l/r 5

t/12.5

l/l 2\5

l/11.5

t/12.5

1112.5

|9

t;9

0.4

0.4

0.5

0.5

0.495

0495

0.41

0.5

0.55

0.42

0.42

0.54

0.57

u.0 /

0.55

l0

l0

t2.5

12.5

12.5

t2.5

4.5

8

8

8.5

8

IO

l0

10

l0

1.5

t.5

1.5

1.5

1.5

i.5

t.5

1.5

t.5

1.5

1.5

0.8

0.8

0.8

0.8

63

3.4

0.45

34.8

3.0 5

3.40

l. t9

8.l9

6.3 6

3.66

1.35

0.50

t.25

4.4

5.52

0. 8l

0.25

0.15

I 0.98

0.6 5

1.80

0.1 1

3. 40

0.72

0.29

0.25

0.06

0.3 3

Ll0

0.86

40

65

60

60

50

50

50

50

80

'70

70

50

1A

70

70

l0

l0

l0

l0

l0

t0

l0

l0

;

5

l0

l0

l0

l0

E

A

E

A

L

E

A

E

A

A

E

A

A

E

E

20

l0

8

l5

45

30

30

40

30

l0

0

,10

30

0

30

E: Erosion A: Accretion

Source: Comiled by lhe aulhors from various sources

period of l0 seconds is observed in Kovalam,
Mahabalipuram, Tiruchendur, Manapad,
Uvari and Kanniyakumari Other stations

recorded between 8 seconds and 8.5 seconds of
wave period. Wave height is almost the same

in all places except in Tiruchendur, Manapad.

Uvari and Kanniyakumari recorded 0.8 m
wave height. In all other stations the wave
height is 1.5m. Water depth is 0.5m in
Ammapatinam, Rameshwaram and Killakarai.
Whereas, inall otherplaces itis l0m. Kovalam,
Pondicherry, Poompuhar, Tjarangambadi,
Nagapattinam, Point Calemere. Killakarai,
Uvari and Kanniyakumari is eroding in

nature. All othcr stations the deposition takes
place.

The maximum change is observed in
Cuddalore (34.8 acre). the l<lrvest change is

observed in Pondicherry (0.45 acre). Apart
from this. the table I also shorvs the change in
the coastline configuration and rate ofchange
for all stations. The rvave approach during
south-west rnonsoon period is 45o in
Pmmpuhar. The sarne is 30o in Kanniyakumari,
Manapad, Ammapatinam, Nagapattinam and
Tharangambadi. [n all other stations it is less

than 30o. The wave approach during
north-east monsoon is abor 50o in all stations
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except in Kovalam it is 40' Anrmapatinanr
records the maximunr angle of 80o.

DATA ANALYSIS

In the first stcp of analysis the data has bcen
standardised. This is necessary since the first
step in the principle comopnent analysis is the
computation of correlation matrix, rvhich
requires nomral distributions of all variables.
Entries in the correlation matrix enable tl-re

colrponent analysis to comparc and cluster
tlre variables according to their lincar
correlation coefficients. As a sccond stagc
the data rvere subjccted to principle component
transforuration of 'm' original variables in the
' nr ' dimensional measurerltont space to ' m '

statistically independent variables or principle
conlponents rvhero each variable is a linear
conrbination of the old. After this stcp. the

choice of the nur:rber of cornponents to be

extracted is dependent on cigen value.. In the
prosent study this is considcred as recomrnended

bv Davis ( 1973) The frnal step is thc extraction
of thc component scores. In the present study
tu'o componerlts \\'ere extracted. Based on the
scores (0.3 and above) the influcncing variables
in each cornponeut rvere ider:tified. In the
multiple regression anall'sis, matrix of surn of
squares and cross productsa of 'x' wcrg
computed follorved by the vector
of sunr of y ald sums of cross products of
and 'x' s. The next step is the estimation
of dependent variable and the residuals
\ve re contputed. Finally the partial
regressioir coefficients. estimated covariance
matrix of the partial regression coefficients.
goodness of fit and correlation coefficient u'ere

computed.

RESULTS AND DISCUSSION

lntercorrelations and Beach Profile Change

The intercorrslation shows thc follou'ing
significant relationship :

TRANSACIIoNS OF 1]IE INSI]I'U]'E oF IND]AN GEOGRAPHERS

Slope is positivcly correlated tvith the u,ave
period (o.474\, rvave hcight (o.435). rvave
angle during north-east monsoon (0.281) and
negatively correlatcd rr.ith rvave angle during
south-rvest monsoon (-0.37) and water depth
(-0.266).

Grain size is positively correlated lvith rvave
angle (0.431) and negatively correlated rvith
u,ave height (-0 735).

Wave period is negatively correlatcd rvith
ivater depth (-0.621) and rvave angle during
south-rvest nlonsoon (-0.322).

DETERMINISTIC MODELLING

Component I: Slope and Wave
Characteristics

Based on thc eigen valucs trvo principle
components accepted as significant. Thcy
cunrulatively c.rplain 62 per cent of the total
variance. Thc first cornponerlt explains 39 per
cent of variance il'ith thc eigcn value of
2.7.Slopc (o.418), rvave period (o.414). and
s,ave lreights (0.371) arc positively loaded in
the first component. Water depth (-0.413) and
rvave angle during the south-r,vest nronsoon (-
0.413) arc negativelyloaded on this component.
The conrponent scores revcal that erosion is
mainly controlled by slope, rvave period and
rvavc height in Kovalaur (0 564), Pondicherry
(0.33 I), Poompuhar ( 1.63 l), Tharanganrbadi
(1.127) and Nagapattirram (3.87).
Simultancously, the deposition is controlled
by slope, u,ave period and rvave hoight in
Cuddalore (0.457) and Point Calcmere(1.727).
Negative loadingcs rcveal that the deposition
is controlled by u,ater depth (-0.433) and rvave

angle during south-rvcst nlonsooll period (-
0.606) in'Iinrclrendur (-0.502) and Manapad
(-l.562). rvhilc erosion is controlled b1' rvater

dcpth and rvavc angle dtrring south-rvest
rnorlsoon in Killakarai (-0.8-i7), Uvari
(-2.1 46) and Kaniy'akunnri (- 1.730).
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Table 2.

Factors dctcrmining thc bcach ;lrofile changc

il

Station Tlpe of Changc Factor tletermining beach profif change

Kovalam
Mahabalipuram
Pondicherry
Cuddalore
Poontpuhar
Tharangambadi
Nagapattinam
Point Calimere
Anrmapatinam
Rameshrvaram
Killakarai
Timchendur
N,[anapad

Uvari
Kanniyakumari

E

A
E

A
E

E

A
E

A
A
E

A
A
E

E

Slope. rvave period and rvave height
Grain size, rvave angle (SW)
Slope, War,e period and rvave height
Slope, rvave period and wave height
Slope, rvave period and rvave height
Slope. u,ave period and rvave height
Slope, rvave period and rvave hight. grain size and rvave angle
Slope, rvave period and rvave heighr, grain size and rvave angle
Water deplh, n,ave angle (NE. SW) and garirr size
Water depth aud rvave angle (NE)
Water depth and u'ave angle (NE)
Water depth, l'ave angle (NE, SW) and grain size
Water deptlt, rvave angle (NE, SW) and grain sizc
Water deptlt, rvave angle (NE,SV$ and grain size
Water depth, rvave angle (NE.SW) and grain size

Source : Sarovattakutnar, ( I 995 )

Componnent II : Grain Size and Waye Angle

Second component explains 23 per cent of
the total variance and has an eigen value of
1.61. Grain size (0.599) and \vave angle
during north-east monsoon (0.434) load
significantly on the second component.
Erosion is controlled by grain size and rvave

angle during north-sast monsoon in
Nagapattinam (1.402.) Uvari (i.345) and

Kaniyakurnari (1.27) Deposition is
controlled by grain size and rvave angle during
the north-east nronsoon in Point Calemorc
(0.874), A,mnapatinam (0.002), Tiruchendur
Tinrclrendur (1.614) and Manapad (1.467).

Table 2 shou,s that the beach profile change in
southem part of Coromandal coast of Tamil
Nadu (south of Point Calenrerc ) is influenccd
bl,rvater depth. rvave angle during north-cast
and south-rvest nlonsoon and grain size. cxcept

Rameshrvaram and Killakarai wherc it is

influenced by rvatcr depth and rvavc anglc.

Whereas, the beach profile change in rtorthern

part of Coromandal coast of Tamil Nadu is
influenced b1, slope, w'ave period and u,ave
height excopt Mahabalipurant rvhere, it is

influenced by'the grain size and u,ave angle
during south-west mons@n. At Nagapattinam
and Point Calemere the beach profile change
is influenced by grain size and rvave angled
during north-east lnonsoon apart frorn the
slope, rvave period and rvave height. Littoral
current plays a vital role in beach profile
change in the southern Coronrandal coast of
Tamil Nadu, rvhereas in northern part of
Coromandal coast of Tarnil Nadu its role is
insignificant. This fact is aiso inferred from
the disposition of spits in the southcrn Tarrril
Nadu (Manapa, Tuticorin and
Muthurangzuratlnpurarn - alI trending towards
rrorth. Aruchanlv ct al 1992).

PREDICTTON OF BEACH PROFILE
CHANGE
In many coastal problerns. thc objcctive is to
predict thc responsc of one element to other
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LIMITATIONS OF MODELLING AND
PREDICTION

The follorving are the main limitations of the
study :

The Wave angles are calculated from the fact
that in east coast of India. the dominant waves

are from N60 E during the north-east monsoon

and S45E during the south-rvest monsoon.The
original angles give more appropriate empirical
solutions.

This model detennines the order of influencing
factors only, but not the cxact numerical values
(ie exact percentage is influenced by the
particual variables.

No storms and cyclones are taken into
considerations.

No. tectonic fbatures are included in this
model.

CONCLUSTONS

The northern part of Coromandal coast of
Tamil Nadu beach profiles are mainly
influenced by the slope, rvave period and rvave

height except at Mahabalipuram rvhere the

change is controlled by the grain size and wave
angle during south-rvest monsoon. The southem
part of Coromandal coast of Tamil Nadu
beach profil changes are mainlv influenced by
the rvater depth, lvave angle during north-east

and south-rvest nronsoon and grain size except

Rameshrvaram and Killakarai lvherc {it is

controlled b1' rvater depth and wave angle

during north-east monsoon.So. any rernedial

rneasures should be based on thc above said

parameters"
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elements of the environment. In a study
conducted by Harrison and Krumbein (1964)

on the beach at Virginia Island, an attempt rvas

made to predict the beach slope based on the

wave energy and mean grain size. Nearshore

bottom slope in the shoaling waves were

measured at low tide and used as dependent

variable,. Four independent variables were

measured, including wave height. wave period

and rvave angle and still liater depth (Krumbein

and Graybill, 1965).According to Fox ( t985),
steprvise analysis provides method for
deterniining the contribution that each
independent variable has on the prediction

equation.

In the present study, multiple partial regression

anall'sis rvas attempted to prcdict the beach
profile change . The assumption here is that
oscillations (beach profile change) are
influenced by slope, grain size, rvave period.

rvave lcngth. rvater depth and wave angle

during south-lvest and north-east monsoon
(Saravanakumar, I 995). Keeping oscillations

as the dependent variable. the analysis lvas

carried out.

The result slrorvs that the beach profile change

(oscillations) = 32. 97 (constant) +2.62790
(slope) + 69.42358 (grain size) + 0.76662
(rvave period) - 12.02629 (rvave height) -

3.14501( rvatcr depth) - 0.74177 (u'ave angle

during north-east monsoon) -0.98250 (rvave

angle during south-rvest monsoon). Where,

32.97 is the consta.rtt. The goodness of fit for
the analysis is 0.4155 and the correlation
coefficient is 0.6446. Once the measurenlgilts

regarding slope, grain size, wave period. rvave

height" rvater depth and rvave ,angles during
northrast and south-rvest monsootr are knolr'n,
the beach profile changhe can be predicted

using the above said equation. Hou'evcr, this

prediction can be useful for lorrg terin onli-
(about l0 years or more).



t4 TRANSACTIONS OF TTIE INSI'ITI]TI] OtI INDIAN GEOGRAPIIERS

RIIFERENCES

Arrti-Erosiorr Cell. (1991): .'htti-sea <:rosioil wnrk.s itt Tomil Nadu nraslcr plort, Public Works l)cpnrlnretrt, Madras,
I 20pp.

Arttchaniy, S., Saravanakunrar. P.. Jagarrathan. Il. antl Wilson. A. (199 l): Spits ol Coronrandal coast of Tamil
NadLt,Irarrs Inst. Indian Gcogrophars, Voi. 14(l), 55-64 pp.

Aubrel'. f). (i.. lnnran, I).L. arrd Winarrt. D. (1980): The statistical prcdiction of bcach changes in Southern
Calitbrnia. J. Geophys. Res., Vol 86. 3264-3276pp.

Davir-. J.C. (1973): Slatislic.s and data attaly.ril; in gcologt, John Willey & Sons, Nerv York. -s50pp.

Dolan, R., I{atden, B. P. and F-elder, W. (1977): S"vstenratic variations in nearshore bathymetry. L Geol., Vol 85,
129-l4l pp.

Fox. W.T. (1975) : Modcling coastal cnvironrncnts: [n I)avis, R.A. Jr., (Ed). ('oostttl .tedinrctilary environntents,
Springer-Verlaf. Nerv York. 665-705pp.

I{arrison, W. and Krurnbein, W.C. (1964): Intcraction of beaclr-ocean atmosphere system at Virginia, Coo.stal
Engitecrfug Rcsaarch Ct:nler Teclr llanro..25 pp.

Kaliasurrdaranr, G.. Covindasanry, S. and (iancsan, Ii. (1990): Coastal crosion and accretiolr, Irr: Natarajan, R. et

al (ccls) (-oastal zoile ,ilonogentenl (in Tatnil Nodu State, Itdia),'13-82 p1't.

Krunrbcin, W.C. (1961) : The analvsisol obselvational data llonr natural beaches, Beurch Erosion Board Tech.

,\/r:lro., No. l-10. 59 pp.

Kunnbcin. W.C. and Gray'bitl, 1'. A. (1965) '. ,4n inttoduction to statistical nodels irt geolog', McGra*.Hill. Nerv
York.475 pp.

Millcr. R.L. and Kahrr, J.S. ( I 962): Slotistical ilralt'si"s itt tlrc gcological anali,sn John Willey lhnd Sons. Ner"- York,
I 83 pp.

Sarnbasiva Rao. M. (1987): Inlluencc of coastal processcs along thc modcrn delta t-rorrt olGoclavari ,lelta. Jour. (icol.

Soci. Ind.. Vol29 (4), 399:l04pp.

Saravnrrakunrar, P. (199-5): [nteg'atcd coa:;lol zott( rilan(geilmtt.[or srturtlrcnt Tanil lvodu, ludia, Ph. D Thc.sis

(UnpLrblishcd), Bharathidasan ilniversity, Tinrchirapalli. India 530pp.

Wirrant. C. l). Inntrn, D.l-. and Nodrstor. C. M. (1975): Description of scasonal beach changcs suirrg errrpirical

eigerrlirnctions. l. Geophys, Res., Vol. 80. 1979-1986pp.

ADDRESS OF THE AUTHOURS

1. P. Saravanakumar
CSIR Research Associate
Institute for Ocean Managemcnt
Ama University
Chennai 600 02-5.

2. R. Jaganathan
CSIR Research Associate

Departrnent of Geographv
University of Madras. Chennai 600 005

3. D. Kumaran Raju
CSIR Research Associate
NNRMS. ISRO Hq
Bangalore


