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ABSTRACT

This study emphasizes the analysis of historical
coastline changes during the last three centuries. The
study was accomplished by the comparison of historieal™" =
maps, topographical maps, sequential aerial photographs
and field measurements.

The changes of the coastline that occurred during the
19 th century show that many promontories, projected
1and areas and capes have been destroyed and wide sandy
beaches have been washed away. The coastline degradation
in the study area, however, is not a continuous pﬁenomenon
as far as its changing pattern during the 20 th century
;g concerned. The findings on the coastline changes
pertaining to the 20 th century show that the changes vary
in progradation and degradation rates, in the state of
equilibrium, and among the coastal compartments. The
general conclusion drawn from the analysis of the net
coastline changes is that the SW coast in the long-term

context is degrading.
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INTRODUCTION

1." General context

tudav of coastline changes is important for an
assessment of coastal erosion hazard as well as nature
conservancy, environmental management and proper
utilization of resources.Thus: attempts have been made
to understand the diversified causafive factors of
coastal changes (Dassanayake, 1928; Paranathala, 1950;
Zeper, 1960; ﬁaton, 1961; Swan, 1965; 1967;1974;1982;
Amarasinghe, 1971; Gerritsen, 1974, Weerakkody, 1983;
1987). These studies have revealed certain short-term
changes of the coast arising from seasonal or annual
abrasion forces, but none of them is considered long-
term or even medium-term changes.

The coastal erosion hazard of SW Sri Lanka creates
some problems for the human settlements. At present,
coastal erosion as well as laws banning certain economic
activities that are considered damaging to the coastal
environment, create socio-economic pressures on the
human communities of the coastal area. Since the problem
of coastal erosion has caused concern at a national level,
protective measures entail increasing costs. The Government
expenditure on coastal protection activities during the
period between “970 and “982 amounted to Rs 162 million
(Coast Conservation Unit, 1982). Coastal protective work

nas been carried out by the public sector as well as the



private sector. Specialist skills as well as unskilled
labour forces have been involved in constructing defence
‘structures since 1920's. They have been constyucted along
the Sri Lankan coast since Ehat period was without proper
assessment éf the beach profile and other environmental
factors. In fact, the construction of most defence stru-
ctures was only based on information from the general
public or on advice, given by politicians. Since the
protective measures were not based upon detailed scientific
studies of coastaL changes, many defence structures were
A erected along the coast even on places subjected to
degradation during the SW monsoon and progradation during
the intermonsoon periods. Gerritsen (1974, p 37) stated
that 'coast protection works, harbours and outfalls are
usually constructed in Sri Lanka without adequate prior
study. This has often led to disappointing results and to a
waste of tax-payers money'. Even though considerable
resources are being allocated, coastal abrasion amounts
to 0.3 to 6.0 m per annum (Swan, 1974, p3) and in some
parts is even more. Because of the serious effects of
coastal hazards, the éoncept of coastal protection has
gradually evolved into a coﬁcept of conservation planning
(Peoples Bank, 1980), taking into account the whole |

coastal environment rather than the construction of



defence structures only.

The demand for research on the coast of Sri Lanka
has rapidly increased particularly since the 'Coastal Zone
Management Plan' was launched by the Government of Srj‘—
Lanka. The plan was based on a survey of various phenomena,
including coastal abrasion. The survey that was carried
out, however, was not based on sound scientific techniques.
Essential geomorpholcgical phenomena such as the long-terim
patterns of changes, the seasonal patterns of beach profile
changes (induced by monsoons), the classification of
.coastal zone according to geomorphologibal principles, etc,
have been neglected. Coastlihe changes which took place
during the last century were collected by Madduma Bandara
(1982) with the assistarice of the author and other colleagues.
The study was based on evidence given by people living in the
coastal areas. Although scientists and the public are
generaily aware that a problem exisﬁs, no detailed research
on the changing Southwest coasf has been carried out to date
apart from the study of coastal erosion hazard. In cther
countries, the phenomena mentioned above ;.a.nk among the
most essential factorslpertaining to the conservation of
coasts (Califonia Coastal Conservatién Commission. 1975,

p 44 , Fisher, ch 3).
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1.2 Objectives of the study

The situation sketched above, indicates that the study
of geomorphological development of Sri Lanka's coast is
not only of academic interest, but also is of great
practical importance, in the areas of coastal abrasioi,
management of the coastal zone, utilization of coastal
resources, nature conservandyf'etc. In an attempt to
briage'the gap between theoretical knowledge and 1its
application to the management of the SW coast, this study
emphasises the historical coastline changes during the last
"three centuries with a view to assessing the coastal
erosion hazard of the SW coast.

The coastline changes during the last three centuries
considered is based on the .study of historical maps,
sequential topographical maps and éerial photographs. The
analysis of the coastline changes was placed in a temporal
as well as a spatial context. The finél analysis of the-
coastline changes during the last three centuries served
as a basis for reviewing the nafure, the temporal patterns
and the réfe'of the coastal abrasion of SW Sri Lanka.

METHODOLOGY
The methodology used in the -survey that was carried

out in this research programme falls under three categories;

a) Collecting historical records and other aerial photo-

graphs for the mapping of coastline changes during the last

©



three centuries,

(b) Analysis of maps.and aerial photographs,

(¢c) Examination of spatial and temporal coastline changes
on the basis of available data.

The collection of data pertaining to the processes
governing coastline changes of the SW coast was compared
with and supported by data from earlier studies. Quantitative
measured data obtained from institutions and individuals
were also used.

Six chronological technigques are used in geomorphology
for dating geomorphologicalVchanges, namely; radio-active
determinants, dendrochronology, varves, thermoluminescence,
lichenometry and historical records {Thornes & Brunsden,
1977, p41; Goudie, 1977, p7-12). The reliable and compara-
tively inexpensive technigue of the analysis of historical
records has been used in this study in ordér to observe
coastline changes guring the last three centuries. The lack of
facilities was the main constraint in using dendrochronology,
thermoluminescence, etc, and thus historical records
consisting of old maps and sequential aerial photographs
were the only p0551ble and suitable resources. forllstudylng.the
absolute chronology of the coastline changes These records

have been used in this study specifically for two reasons:



(a) Records such as ancient maps, old topographical maps,
(or one-inch maps), seguential aerial photographs,
sequential imagery can.be studied without the use of
elaborate equipment by simply comparing old and new
" situations. Thei; availability and application do not
involve lengthy laboratory procedures as in other technigues.
The analysis of the historical records can also be easily
rechecked by later researchers. The costs ot collecting,
processing, rechecking, etc, are minimum compared to other
technigues, but evidently, the time-span covered is limited
to at the most, a few centuries.

(b) Historical records have been repeatedly used for this
xind of study and thus there is sufficient experience[Steef
(1949) illustrated the changes which occurred in the quth
Norfork coast from Hunstanton to Brancaster between 1885-5
and 1935; de Boer (1964) summarized the growth of Spun Head;
Kidson (1952) made a survey of erosion on Dawlish Warren
covering the period between 1787 and 19493 Kidson (1963)
studied the growth of sand and_shingle spits across estuaries
of Bridgwater bay, Somerset, using old maps and field
observations. Carr (1965} analysed short-tem dynamics of

the shingle spits and river mouths of North Weir Point using
aerial photographs aided by old maps. Changes in the spit

at Gibraltar Point, Linconshire, have been surveyed and
studied during the period between 1957 and 1969. Changes of

the Puttalam spit during historical times as studied by

=
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Verstappen (1987) is one of the good examples from Sri Lankha.
Some attention has been paid to a study on coastal changes
in S¥ Sri Lanka also by Swan,(1974,P106- 7, 1982,P 133).

Evenr though the historical records ére widely used for tnis
kind of studies, the techriique is not devoid of possible
errors. The uses, applicability, suitability, shortcomings,
limitacions, etc, of the historical records relating to the
study of coastal changes have been treated at length by
Carr (1962).

1.3.7 Historical maps and their potentialities for studying

coastline changes

Many historical maps and charts of the SW coast during
the last three centuries can be obtained from various
sources. However, their potentialities in studying coastline
changes depend on the following factors;

a) mépping scale,

b) cartographic deformation of the coastline,

c) possibility of comparing with an accurate topographical
map,

d) degree of attention paid to coastal features,

e) inclusion in the map of permanent landmarks identifiable
in modern topographical maps, as well. i.e. fortress of
Galle, historical temples, rock outcrops, etc.
| With the above mentioned factors in mind, the available

old maps are listed in a table in order to assess their

potentialities (see Appendix %), for coastal studies. Only
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the most useful, reliable and aécuxate maps and charts
have beoen used for this study. The selection was based
on the following properties;
a) Scale; the scale of the map should be suitable/sufficient
to represent the»coastal geombrphological features. Further,
the scale of the map had to be accurately adjusted to the
scale that appears in modern maps. The scale given in units
such as Rhineland roods, Frencﬁ leagues, etc, in old maps
which aré not used at present had to be accuretely adjusted
in order to use them in this study.
b) Cartographic deformation; The usefulness of comparing
old maps and charts with modern maps depends on their
geometric accuracy. If a deformed map is projected onto a
modern topographical map, it can only be used with difficulty
for the study.

The majority of maps and charts listed in Appendix !
have smaller scales than the .modern topographical maps.
Therefore, accurate data.on the coastline changes using
such smaller scale maps cannot.bé obtained by direct projection
on to a modern topographical map.

Having considered all these.factors combined, three

@
maps were ultimately selected to analyse coastline changes;
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") The map of the southern coast by John Fraser dating
from *840%*

2) The map of southern coast by Joh. Fr. Lorenz dating

from *800C,

3) The map by G.E.Schenk dating from 1790.

Four charts showing detailed éoastal‘features.also were
selected, even though their accuracy dc not compare with
those of modern maps. They are;

1) The map by Valentine dating‘from 1663,

2) The map by Joanes van Keulan dating from "660,

3) The map by van Dosser dating from 1766,

<) The map by van Ech dating from 1784.

However, when comparing them with topographical maps, some
difficulties of matching have afisen. The following steps
were taken to overcome these shortcomings;

T) The maps were projected‘mechanically onto the fopog~
graphical map using permanent landmarks such as fortress,
rock outcrops, etc.

2) The parts of John Fraser's ﬁap that did not coincide
jere not taken into account in studying changes of the

coastline.

* Bven though the map has been compiled in or around 1841,

the vear of the compilation is considered here as 1840.
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T osnzral, none of the above mentioned maps was used
Zor guantitative measurement ori the coastline changes. In
zda.t-on. some parts of the historical maps which did not
coincide with the topographical maps have not been usead
r gualitative analysis. The his%érical maps which
cozncilied with the topographical maps have been uced only
for guali*tative study of coastline: changeé‘ These maps
unrave. the chronology of the coast during the period of

1660 and 1905-1917.

1.3.2 The sequential topograohical maps

The topographical maps published from 1905/1917 to 1972
~ar be divided into two categories;

) criginal maps based on éround survey, and

2} revised maps of the original maps.

Original maps are useful fqr measurements because tihe
rev:ision of the original maps was based only on changes
of vliace names, roads, etc,. In other words, the ravised
maps were not based on an original ground survey.

“ven though higher expenditure and more labour have been
used in the compilation of these maps, some shortcomings
oi thz maps selected for the study were noted and can be
listed as follows;

2) the graticules of the topographical maps do not
coincide well with each other,

“= Galle area shown 1in all maps of the SW coast
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does not match,

c) the maps published as revised maps have not been based
on a ground survey. The revision has been restricted to
inserting or deletinag or changing of place names, roads,etc.

Lorsidering these facts only the maps compiled under v
original ground survey were used in the study. Thev are
listed below;

a) Al . maps published in the period between 1905 and
1318. They have been based on origina. ground survey.

b) The maps published in the period between 1932 and 1943.

c) The last one-inch map which was revised and published

in 1972,

Same errors of the previous ground survey have been
corrected in this map.

d) The 16 chain charts compiled in the years of 1921,
1932, 1933 and "9%43.

Some coastline changes escape identification cue to the
time i1interval of the maps selected for the studv. The time
intervals of the coastline changes based on the study of
topograpnical maps therefore are as follows; 1. The period

between 1905 and 1932 (1905 or 1917/18 to 1932 or 1933 or

occasionally upto 1943), 2. The period between 1932 and
1943 ( 1932 or 1933 or 1934 to 1943) and 3. The period
betweer *943 and 1972 ( 1943 to 1972 or 1933 or 1534 to 1972).

As botn 16 chain charts and the one-inch maps naa to be
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utilized for the quantitative measurements of coastline
changes, they were compiled into two maps on the same scale.
The one-inch maps used were mechanically enlarged using
the pantograph at a sqale of 2.6 cm to 406 m (one inch to
guater mile). The 16 chain charts were also hloawn upto the
same scale. A series of seguential maps were thus compiled
following this procedure. These maps cover a 6/ yeaf period
(1905 to 3972)‘of coastline changes. Projecting the map of
1905 on to the map of 1833, for example, gives a map
showing the changes that occurred in the period between 1905
-and 1933. Using a planimeter, the area lost and gyained during
this period was measured with the help of the differences
in the two maps.

1.3.3 The sequential aerial photographs

The sequential aerial photographs available for the study
date from 1956, 1973/74 and 1987, and have a scale of 1:40000,
1:25000 and 1:10000 respectively. As years represented by the
aerial photographs of 1956 and 1973/74 are covered by the
period represented by the topographical maps of 1934 and 1972,
the time period between 1956 and 1973/74 of the aerial
photogfaphs was neglected. The absolute changes of the
coastline during the last 14 years (between 1973 and 1987)

were studied comparing the photographs of the two later
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aerial photographic coverage. The difficulties arising
¢rom the differences in scale were overcome by the
preparation of a map. The relief displacement is negligible
because the photographs represent low relif areas. The
tilt effect was corrected by matching with the outline
maps prepared from the photographs and the one-inch map
with the help of pantograph. It was possible to complete
sketch maps showing the two superposed coastlines. After
readjustment of the scale error (see ITC, 1971), using
topographical maps, the progradation and degradation

.»f the coastline during the period between 1973/74 and

1987 were measured using a planimeter.
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THE AREA AND. ITS GEOGRAPHICAL SETTING

2.1 The area

The coaSﬁal area concerned under this study stretches
ffoﬁ Ambalangoda (at Randombe) to Dévundara upto the fishery
harbour (Figure 2.1). This area is located in the Wet Zone
of the island, and receives a rainfall that exceeds 1905 mm
(75 inches) anhually. The coastal belt of SW Sii Lanka
faces the Lakadive region of the Eguatorial Indian Ocean,
asvdemarcated by Colborn (1975, pé67). The oceanic areas
off the SW coast belong ‘to the 11 th Thermal Structural
region of the Lakadive Sesa of the Indian Ocean (Colborn}
1975, p31) and changes its thermal conditions in the period
between May and September (Colborn, 1975, p66). The
International Indian Ocean Expedition has studied the
bimonthly periods as related to the monsoonal regime in the
region (see Table 2.7).

Table 2.1- Northern hemisphere Monsoon seasons

(bimonthly period)

Bimonthly period Monsoonal regime
January-February Northeast monsoon
March-April Decline of Northeast monsoon
May-June Beginning of Southwest monsoon
'July—August Southwest monsoon
September-0October Decline of Southwest monsoon
November-December Transitional, beginning of

Northeast monsoon

Source: Colborn,p? .

43
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The period between May and August is the period of the
S¥ monsoon which gives rise to rough seas with significant
effect on the beach profile of the SW coast. High waves
wasn the beaches which are built up during the intermon-
zocnal period and transport beach materials along the shore.
The velocity of the longshore currents increases and, 1In
association with the rough seas created by the monsoon,
large-sca.e beach drifting thus cause longshore transpor-
—ation of materials during this period. During the inter-
monsoonal period that follows the beach profile is built up
again due to the calm wave climate created by atmospheric
conditions, which then prevails; Depressions occasionally
formed in the region ( Banford, 1926, 1929 a b), may temporarily
change the wave climafe, but cyclones such as those that
» occasaonally hit the East and Northeast coasts of the
island can hardly be>expected in the SW. Features created
by storm waves comparable to those of the East and North-
east coasts do not occur here.

2.2 Geological setting

The Soutwestern Group, one of the Upper Palaeozoic rock
Zormation described by Cooray (1967, p85), dominates the
geology of the entire S¥ region of Sri Lanka. The najor
rock types of the Southwestern Group according to Cooray,
(1967, p109), are metasediments, charnockites ard allied
rocks, basic rocks, migmatitic and granitic gneisses, and

granites/pegmatites. The charnockites and undifferentiated
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metaz-ediments occur in the coastal plain concurrently with
bands of diopside-scapolite (mainly woolsonite bearing )
cal-granulites or gneiss (Geologiéal Survey Department
of Sri Lanka, 1982). Even though the hinterland contains
such types of ancient rocks, the coastal area is coverad
predominantly by Quaternary deposits (clay, silt and sand},
marine deposits (beach sand, beachrock, coral debris) and
aeolian deposits (dune and windblown sand) which are Holocene
while the partly ferruginous gravels are Pliestocene.

Two lithologic parts can be observed in the region:
the area dominated by charnockites (hypersthene, diopside
gneiss or granite bearing hornblend biotite garnet) stretches
between Ambalangoda and Habaraduwa; the area between
Habaraduwa and Dickwella is dominated by the undifferentiated
metasediments.

at places some bands of calc-granulites protrude such as
2t Boossa, Gintota and the western headland of Galle as
well as ac Habaradnwa and Ahangama. They form headlands and
rock outcrops projecting into the sea with a higher
nsulation on wave action as compared to similar feetures
formed in other types of rocks. The delimitation of the
boundary hetween Holocene ana Pliestocene deposits in the
SW cozstal area has not been determined by geoiogists.
2.3 Drainage

The drainage regime of rivers, streams and lagoons o the
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AW coasrta. zone is dominated by the monsoon rains. The

peak discharge of the perennial rivers, (with ample
sediment 1oad) is in the monsconal period. The most
important perennial rivers which contribute materials to
the shore are Ginganga River, debouching 13 km to the
north of Galle, the Nilwala River, having its mouth in
vatara, and the Polwatu River which releases its locad into
the Weligama bay.

Lagoons are‘of widespread occurrence but their contri-
bution to the‘discharge and sediment yield is very limited.
The outfall of the Madampa lagdon, situated at Hirewatta to
the south of Ambalangoda is controlled by a bund that
protects paddy fields from saline water intrusion. The mouth
of the Telwatta Ganga lagoon has been cut off from the sea
" by the railway intersection. The Hikkaduwa Ganga lagoon
and the Koggala lagoon also have their mouths blocked by man-
made structures such as bridges, groynes, etc. Lagoons are
very rare to the east of the Weligéma bay. Only the Garanduwa
lagoon situated at Talaramba and the Devundara lagoon

situated at Rassandeniya stretch along the coast in these

" parts, but their surface area‘is.negligible as compared to the

lagoons mentioned earlier.
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2.4 Hunan activities

The modern era of the socioeconomic activities in this
area 1s characterized by urban development, harbour
sans-ruction, etc, and the connected cora. and sand mining
stronzlv influence the coastal environment. Apart from the
main commercial harbour of Galle, fishery harbours were
sonstructed during the _ast decades at Hikkaduwa, Hirissa
and Tangalla. Small harbours were also constructed at several places
using small break-waters and groynes. There is ample evidence
that some of the break-~waters and groynes have caused Ssevere
arosion leading to the loss of valuable langd,

The profit from the coastal resources obtained by mining,
~ourism, commercial harbours, etc, are probably ocutweighed
by the high cost of coastal conservation. The damacge to the
coastal environments include loss of land by abrasion,
decreasing land gual!ity by coral and sand mining, destruction
of natural habitat by tourism and air pollution,.

Several protective structures have been constructed along

rhe S8W cQast including substantial and expensive engineering structures.
In fact, the hundreds of engineering

structures that have been constructed even as early as the *7 th century

afrect the natural beauty of the beaches of SW Sri Lanka. The 86 km

_ong study area has an engineering structure per 700 meters. There is a

revetment svery 1260 meters and a groyne every 1720 meters. The expenditure

allocated for coastal conservation was Rs 10.29 million in 1893.

The future investment for coastal conservation under the
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Coastal Management Plan of Sri Lanka 1is estimated at a
level of about Rs 500-600 million. At present, Sri Lanka's
coast absorbs a large amount of foreign aid and "loans. For
example, a Danish loan of Danish Krones 3035000 and US aid
amounting $ 150,000 under UNDP programme bave been rece 1ved

for coastal conservation (Coast Conservation Unit, 1980).



3. COASTLINE CHANGES AND FLUCTUATIONS

OF SEA LEVEL

3.1 Coastline changes of the Pliestocene and Holocene

Periods

It is known from other parts of the world, that the
sea level in preglacial times and during the Pliestocene
interglacial periods was approximately at or even well
above the present sea level while significant regreéssions
occurred during the glacial pe?iods. "he last of these during
the Wurm glaciation was follwed by a post-glacial rise in
sea level to approximately present levels. These sea level
fluctuations* and their effects on coastline changes of
Sri Lanka have not yet been studied extensively as compared
tc the studies in Europe and Mediterranian. It is evident,
however, that the alternating low and high Quaternary sea
levels nave strongly affected the coasts of the world
including those in Asian region {(for details; see Goudie,

p “27). Clarke et al (1978) conclude that the effect of the

* The heights of the sea levels during the interglacial
periods calculated are as follows;

Sicillian (80-100 m),

Milazzian (55-60 m) between the Gunz and the Mindel,
Tyrrhenian (55-35 m) between the Mindel and the Risz,
Monastirian (15-20 m) between the Risz and the Wurm,

Flandrian- the present-Wirm transgression.
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cea level rise due to melting of the continental ice since
the last glacial maximum was not uniform everywhere Dbecaus:w
of the deformation of the Earth's crust.

Assuming that sea .evels of the glacial periods had
arffected the Bri Lankan coasts in a manner similar to the
European and Mediterranian coasts, the Séa level of the
gw coast of Sri Lanka may have reached the present level
during the Gunz period. Subsequently, the coastal plain
must have been submerged during three sepzrate times during
the Milazzian, Tyrrhenian and Monastirian periods respectively.
Further, the coast.ine of Sri Lanka must have been situated
three times more seaward, on the preseﬁt continental shelf,
namely during the Gunz, Mindel, Risz and Wwarm glacial periods
when the sea level dropped because of the development of
- continental ice sheets at high/mid latitudes in both the
northerr and southern hemisphere. Finally the sea level rose
during the post-glacial/Holocene to the present and at times
to & somewhat higher level.

As the heights and absolute periods of these sea levels
areino: fully ascertained through out,the world's glacio-
eustacy cannot be adopted without further investigation
of the Sri Lankan coasts. The rise in sea level since the
zarlv Holocene is now generally accepted throughout the
world. Geomorohological evidence for mid-Holocene maximum

rransgressionr was obtained by Weerakkody (1985, 1988) along
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+he SE coast. The evidence derived from the Kalametiya,
Lunama and Koholankala lagoons, comprises of two sea levels
respectively at 5 m and 2 m above presenrt sea level . The
she'ls collected from the Kalametiya 5 m beach and the
Koholarnkala lagoon: have been 14p.datad and indicate that tiae

first one is about 3620 + 70 BP and the second one about 3890:

70 BP. The heights of the sea levels pertaining to the sW
coast are somewhat different to those from the other coasts
cf Sri Lanka ana the coasts of India (Figure 3.1.7). These
different elevations suggest that the SW coast subsided
while the SE and NE coasts of Sri lanka, and the Sourashtra
coast of India remained more or less stable or have

been submerged sliéhtly, since thé mid-Holocene time.

The fluctuations of the sea level during the Quaternary
nhave submerged the coastal zone of SW Sri Lanka. Ancient
marine landforms reworked by marine action in the immediate
hinteland are the result of the last maximum rise and subse-
quent fall of sea level since the mid-Holocene time. The
Hikkaduwa .agoonal plain, for example, exhibits varying degrees
of submergence and sequential landforms, while the Ratgama-
Boossa area is characterized by denudational hills and
planation surfaces: (Figure 3.1.2). Figure 3.1.1 shows that the
sea leavel along the Sri Lankan coasts has gradual.y dropped
until 2500 BP (1000 BC) and hereafter no daﬁa is available.
~ slight rise of sea level was observed during the last

century .n Sri Lanka (Figure 3.1.3).
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Figure 3.1.7- An eustatic sea leve:i curve for the SW coast of Sri Lanka. The data
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Tigure 3.1,2- The phases of the coastal evolution along

the Hikkaduwa-Boossa tract. The rise of the sea level has
submerged the entire area to fofm a cliff coast and a baylet.
Some parts of the offshore area were occupied by coral reefs.
(a). When the sea level gradually dropped during the second
phase, the barrier chains developed in front of the cliff
coast (b). The third phase is characterized by wide sea

beaches (c).
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3.2 Sea level changes in the Indian Ocean

The Geodetic and Research Branch of the Survey of India
has been systematically computing t%é values of monﬁhly and
annual méan sea level in recent years at~9arious parts of the
Indian Ccean. Based on records for a number of years,

Gulatte (1950) observed that progressive changes of mean sea
level relative to ﬁhé land are noticeable in Calcutta and
Port Blair (Andaman Islands) and that an upward trend of

the mean sea level of the Arabian Sea exists at Bombay from
930 onwards. Swan (1974, p24) mentions that a slight rise

of the sea level over the last one hundred years or so is

regarded as the most general tendency in Sri Lanka.



4. HISTORICAL CQAST&INE CHANGES

OF SW _SRI LANKA

4.1 Changing processes and their effects on coastline

changes '

Evidence for generally stable climatic conditions
without freguent drought and famines from the 7 th to
13 th century AD in Sri Lanka has been collected by some
authors (Verstabpen, 1987), which is in line with global
conditions. This period is called the'little optimum’
(750-1300 AD) and was characterized by relatively warm
atmospheric conditions which had not been equalied since
the climatic optimum of the mid-Holocene (Goudie, 1977,
P 119). Therefore some environmental changes may have taken
place in Sri Lanka as well as iﬁ the rest of the world. For
Sri Lanka on the basis of the development of a new spit at
Kalpitiya, Verstappen suggests that the south winds which
prevailed upto the climatic deterioration of the 'little
ice age' around 1500-1800 were replaced by the abrasive
southwest winds. The peak stage has probably occurred around
1700. The later centuries have been associated with somewhat
drier climatic conditions. The dendro-chronological evidence
collected by him suggest that soﬁewhat wetter climatic
conditions resulting from the south winds have gradually

been replaced by the drier conditions associated with the
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later dominant southwest winds. These changes have
introduced considerable fluctuations of the process along
rhe study area.

The change of the earlier established north bound
\ _ttoral driftr to a south bound one from Hikkaduwa to the
south and socutheast coastal tracts is proved by the chancing
direction of the sand spit at the Nilwala River mouth. The
spit was at first rather square—shaped as shown by the
maps of 1765 and 1784 (Figure 4.1.1). On the map of
1840 the spit has been drawn as an elongated one, and in
later topographical maps with a slightly recurved tip. The
recurved tip towards the east has been formed due to the
newly established east-bound drift. The other evidence
vertaining to such changes of ‘the wind direction can be
observed at the bay of Galle. The shoals and beaches which
existed ir 1660 as shown in Figure 4.1.2 were destroyed
around the late 18 th century. Many traces ofbthe shoals
were not recorded in the map of 1790 which shows many
coastal details (see also Weerakkody, 1987).

Barrier chains, extensive sandy beaches, sand spits,
etc, preserved in the coastal zone are other landforms
which rave been subjected to changes. The changes of the
nase .eve! induced by the slightly rising sea level
indicate clearly the elevated wave-cut terraces between

0 to +2 m MSL along the barrier chains of the SW coast.
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Figure 4.1.1- Coastline changes of the Nilwala River mouth
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“he mouth in
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1972.

Note the square shaped sand spit at

1766 and 1784 and the recurved sand spit 1in

1972.
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This means that the beaches which formed during the ultimate
recession of sea level, followed by the rformation of the
barrier chains have been sapped by the inundated beach-
rocks which have been formed underneath the barrier chains.
The well surveyed and mapped beachrocks along some coastal
tracts by John Fraser in 1840 suggest that they have been
exposed even before the early decades of the 19 th century.
The abrasion phase of the SW coast as evident by these
tracts, therefofe, may have started during the 17 th century
when the strong southwest winds* influenced the marine
processes in later times.

The concept can be elaborated using field evidence and facts
derived from aerial photographs and topographical maps.

It can be assumed that at least their remnants of scme
formations developed during the lowest sea level have been
preserved aldng some coastal tracts of Svuthwest Sri Lanka
until the earlv 19 th century while many landforms have

neen washed away by the changing marine processes caused

by a rise of sea level possibly since the 18 th century

=~ The S$¥ wiads reach the study area as a west component
as far as the coastal orientation is concernec. Hereafter,

“he SW winds therefore will be termed as western winds.
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ard during the last century. Such preserved landforms
(or their remnants) can be seen on maps dating from tne
eerly 19 th century.

- Changes of the processes also included changing
longshore currents in the study area during the first
decades of the 20 th century. This is evident, for instance
from the changes that took place along the Seenigama coast.
Before 1840, the Seenigama coastline was protected by a
iarge headland with a wide sandy beach. The southern part
was demarcated by the Hikkaduwa Ganga outfall. Northward
sand bearing longshore currents were introduced at the
Seen.gama cape. The existing sandy beaches and some parts.
of the bparriers near the cape were removed and their
-materials redeposited at the northern end of the coast.

s revealed on the one-inch map of 1917, the northern and
southerrn pairts of the headland were eroded. It could be
believed that erosional processes were intensified between
1915 and 1921. This situation has been well documented

by Dassanayake (1928), a pioneer coastal engineer of

Sri Lanka (Figure 4.1.3 a & b).

This process gradually accelerated between 1320's and
the early 1930's. Hard rocks which had been attached to the
garly coast;ine were cutoff and converted into 1slets.
Between 1932 and 1943, the ruined promontories of the
defunct head.and of the Seenigama coast were completelv

destroved. & large portion of land was lost by Zhe intensifiec
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Figure 4.1.3- Diagram
drawn by Dassanayake
(1928) illustrating
beach erosicn and
accresion as observed
near 60 th mile, Colombo
-Galle road (or compart-
ment 4.1) during the
period 1915-21 (a). The
coastline changes of
Seenigama since 1840
shown by (b) unravel

that a huge land portion
has disappeared during the
last century. Orientation
of the diagram (a) was
readjusted by the author.
Diagram (b) was taken

from Weerakkedy (1983).



vave action during this pericd, Only some minor changes
rook place during forties to seventies. Today. it is ‘
protected by a revetment and the northern part of the
dzfunct headland is covered by small groynes.

The changes that have taken place in the Hikkaduwa
Ganga outfall and the Dodanduwa coasts are shown in Figurc
4.1.4. During the early decades of the 19 th century, the
northern and southern parts of the Hikkaduwa Ganga outfall
were rich in extensive sandy beaches as well as hinterlands.
During the late 1880's, these landforms were destroyed and
the outfall was barricaded by a sand spit. Between 1934
and 1943, the southern portion of the spit was eroded.
Subsequently, the sand spit was also destroyed. Now the
coastline with the outfall appears as a complex field of
arovnes and revetments connected to each other

The promontories of the study area deygiaded continuouslv
during tnhe 19 th century, as a result of severe erosion
processes. The protruded land masses that were very wide
spread during the first decade were washed away during
the second decade. During the early decades of the 19 th century,
Unawatuna composed of a small bayiet instead of the present
zeta-curved beach. A large portion of land which projected to the

. )

ne easterr. side forming the baylet was completely

U\
m
0)
o
t

n

troved. Furthermore, this destruction led to a state (b

0,

e

mn
o

ineguilibrium of the coastline.
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in 1840 and 1921, The coast mapped in 1840 by John Fraser,
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areas apparently-are wide beaches while the asterics indicate

cmerged ledges.
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s shown by the first topographical map ¢f 1918 of the
re=, the headland was completely destroyed. Nowadays, its
rulns can be observed offshore., The ultimate result of the
cranczs 1¢ the conversion of the baylet into a log-spira?
cnhaped coastiine (Figure 4.7,.5 a).

Unlike Unawatuna, the Kataluwa and Piyandigama coaszal
segments were protected by projecting land masses in 184¢.
Tne western land mass which was called Gonagallepara, wease
completely eroded between 1840 and 1905 and there is no
trzce of 1t today. During this period of dest:uction, the
zzstern land mass was gradually shaped by wave action and
given a wastward tip(Figure 4.1.6). Not only the headlands
cut also tae river mouths and lagoonal outfalls have been
nanged Ly Thie alteréd processes along the SW coast.

iaportant feature of the river moutns and

‘3
;
0
3
¢
1%

ot

ls is the growth of spits during historical time.

lergest among the smallest sand spits that cavelopszd

Auring historical times. is the elongated sand spit

in front of the Gin River mouth. This first appeared in trs
man o 1660 (Figure 4.7.2). The spit chanced considerably
vrinc the last century (Figure 4.1.5D)

Thez coast 0f the Nilwala River mouth lost & considerablie

nerticn 22 12nd in the late 18 th century and the chancsg
wnico ook 2clace during the later period have besen reztricu
T ovhm2 s&nd spit (Figure 4.1.71).



{b) GINTCTA SPIT

1840 __ﬁ@m

e

(3) UNAWATUNA

(c) KGGLALA

Figure 4.1.5- The Unawatuna coast of 1840 was a baylet
protected by two headlands. As shown by the topograpnical
map of 1918, the eastern headland was destroyed(a). The Gin
‘River mouth is occupied by a sand spit which has changed

its length and width during the period between 1840 and 1972

(b). However, the map of 1840 does not show the present small

spit in front of the Koggala lagoonal outfall. It first

appeared in the map of 1905-15 (c).



(8) KATALUWA

(b} PIYANDIGAMA

Figure 4.1.6~ The Kataluwa coast of 1840 reveals tihat it

had a huge protruded land mass. As shown by the topographical
map of 1905-15, this land portion has been washed away' and
Sllght accumulation has been taken afterward(a). The
Plyandlgama coast (b) also occurred as a headland coast.

The protruded land portion has been washed away during the

period between 1840 and 1972.
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45 unraveled by the maps of 1766 and 1784, the eastar:
part of the river mouth has been drawn as a protruded land
mass with an extensive hinterland zone. In the mid-decades
of the eighteenth century land mass gradually receded, and
“nis change gave rise to the formation of two islets wvhich
sie situated on either side of the river mouth today. Theso
are known as Pareyduwa and Galgodiyana. The eastern parc
of the river mouth was subjected to severeerosion during
the second and.third decades of the 20 th century. These
stages were i.lustrated by Dassanayake in 1928 (Figure
4.1.7). Between the second And seventh decades of the
20 th century, the sand spit has changed its mass but
has remained in its original form. We note that in 1920's and
1930's the estuarine beaches were subjected to a high rate
of mobility due to.fluctuation of the sand supply by the
river.

A small spit developed in the same period in front ot the
<ogga.a lagoonal outfall and still persists notwithstanding
considerable changes (Figure 4.1.5 c). At present, many
lagoonal outfalls of the SW coast are prctected by two
parallel groynes preventing the formation of barrier spits
1n front of them as can be observed at Hikkaduwa, Madampe,

Goyyapana, etc.
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Figure 4 1.7- Tﬁe continuous changing processes have washed away
even the well prograded beach at the river mouth of Nilwala
(16.2) during 1915-21. The revetment that was coustructed

to cope with erosion problems at that time is covered by sand

at present. It is now situated 100 m inland.

‘Since 1977 the author has frequently observed the
changes of processes.in the study area. The Akural point,
Kahawa, Hikkaduwa, Ahangama and Polhena are major areas
where severe abrasion of beachés has 6ccurred. In addition
‘to the natural processes, the Hikkaduwa layoonal outfall
has been affected by refracted wave energy indu;ed by

the break-water (or large groyne; of the fishery ‘harbour.
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4.2 Quantitative aspect of the coastline changes

The coastline changes that occurved during the 20 th
century‘wére studied quantitativély by measurement on
sequential topographical maps and aerial photographs.
Three periods could be distinguished because of the age/
?ears oi the available topographical maps and aerial
photographs; First period cocvers 29 years (1905 to 1934)
for the coast bgtween Koggala and Devundara and 14 years
{1917 to 1934) for the coast between Ambaiangoda and
Koggala. The second period covers -33 years (1934 to 1872)
for the entire coast except for a few segment. The first
and the second periods are based on old topographical
maps while the third (1973 to 1987) is based on aerial
‘ photographs. The phrase'coéstliné changes’' includes both
degradation and progradation. The spatial variztion of
the coastline changés is shown according to the coastal

compartments given- in Table. 4.2 and Figure 4.2.1.
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Table 4.2 Coastline changes and coastal compartments of

the SW coast of Sri Lanka

No giQen Place name Length 7 Coastal degradation('>
for the of the . and progradation ({+)
identity . coastal in "000m.

compartment py, o *Second**gglﬂ L

AN

in km period period periocd
1.1 Randombe-
Harakgala 2.08 -8.88 0 NA
1.2 Harakgala-
Patticala 1.04 +10.4 -6.4 ~-1.56
1,3 Pattigala-
Wellameda 2.65 -8.80 +31,20 -83.75
2 Wellameda- .
Kahawa 1.97 -9.20 -27.20 - 0.75
3 Kahawa-
Seenigama 2.05 NA NA ~-48.75
4.1 Seenigama-
Totagamuwa 1.20 -5.40 -213.75~27.50
4.2 Totagamuwa -
Wellawatta 0.92 -18.12 -3.60 -20.06"
4.3 Wellawatta-
waal island 0.97 -1.60 +36.00 +11.87
5.1 Waal island.
- Patuwata 4,05 -132.80 +119.20 +95.52
5.2 Patuwata -
' Degalla 0.85 -12.40  -13.6  -3.70
6.1 Degalla- Gin )
River mouth 5.65 NA +37.20 NA
6.2 Gin River ' ‘

mouth-Gintota 0.85 NA 167 20 NA
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No given Dlace name Lengin Coasctal éegréda:~v“
for tne o the and grogradaticn (-
“denTozy coastel in 'o00m.
?om?a::ment Tirst *Second*wT? ]
~5oHm periol period Dper:

70 Gintota-

Osangoda 2.80 NA NA NA&
T2 Osangoda—

Galle Town Hall 1.60 NA NA NA
g.1 Galle Town Hali-

014 jetty 2.30 +69.62 NA +35 .87
8.2 01d jetty- '

Gibbert island**** .05 -1.60 N& + 1.87
8.3 Gibbert island-

Rumassala 2.90 +46 .23 +48.70 -36.12
8.4 Rumassalé-

Watering Point .50 0 -50.37 -56.25
g.32 Jatering Point-

Unawatuna 2.25 0 NA 0
] Unawatuna-

Wella-addaragoda .75 -21.85 NA ~52.5%0
?O;‘ wella-addaragoda- _

Talipe 2.14 -11.63 NA& -25.62
10.2 Talpe-

Katukurunda 4,40 +172.96 N& =187

R Katukurunda-
Koggala .20 +29.2%7 N2 -48.72
“L 2 Koogala- k ’

Ketaluwa West 0.50 NL NA -8.12
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continued
NC civen Place name Lengztn Ccestel degrada=-ior'-
Zor the cf the and progradation (-)
identity coastal in 'N00m.
compartment o.___ LS2cond, [ Thirs
in km Derioc period period
2.1 Kataluwa West-
tadahewatugoda 1.22 -25.3 NaA +48.12
2.2 Atadahewatugoda-
Piyandigama 1.40 +48.76 NA +21.87
12.23 Pivandigama-
Goyyapana 1.00 -10.12 NA - 9.37
2.4 Goyvapana-
Denuwala 1.33 - 4.60 N& +25.00
TzZ.5 Denuwala-
Midigama Zast 0.77 - 9.20 NA - 3.00
TZ.0 Medigama Bast-
Mempitiva 2.08 -24.84 Na -28.12
DN Mempitiva-
Walliwela 2.08 -217.16 NA + 8.5%
12.2 Walliwela-~
Mirissa €.25 +89.47 NA NZ
TZ.3 Mirissa-
Pemuyana 2.94 N2 NA +14.7C
T4l Pemuyana-
Bandaramulla .13 -4.60 N2 + 0.5¢C
TLL2 Bandaramulla-
Talaramba 2.94 -27.17 NA -23.1¢C
TLL3 Talaramba-
GocGakanaa 2,05 -11.73 Na&a ~ 4.3C
°3 Polnena 2.53 +5€.23 Na N&
o Pclhena-
Meddewatta .30 +84.15 +22.54 -2¢c.3¢
- Meddewatis-
Ressancenivea 2.¢%2 -27.3% -21.62 ~28. 2%
ol Rassandeniva-~
Jexundara Z2.2% ~26.43 -37.40 22 7¢
* first period= 1905/15/17/18 <o 1932/33/34; ** second period=
1832/32/34 To 1943; **x third period=1973 to 1987.
*¥>**Galle narpour is neglected.
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"he data of the coastline changes reveal strong

fluctuations in degradation and progradation during the

20 th century. The situation is summarized in Figure 4.2.1.
The high progradation rates occurred along the coast from
Narigama to the Gin River mouth (from 4.3 to 6.2) along
the bay of Galle (8.1 to 8.5), the eastern and western
sides of the Koggala ocutfall (10.2 to 11.2) and near the
Nilwala River mouth (16.1, 16.2 and 16.3). All coastal
compartments, howevei, exhibit changes during the 20 th
century. The coasts KW of Galle have experienced total
degradation during the first, second and third periods.
Considerable progradation took place along the coasts

only during the second period. The coasts SE of Galle
have, except for a fewsegments (10.1, 10.2, 14.2 and 14.3),
have been subjected to progradation at varying rates
during the 20 th cerntury. The progradation rate of the
compartments near the Nilwala River mouth (16.1 and 16.2)
exceeds degradation rates during the three periods. Figure
4.2.2 shows that in many compartments degradation exceeded
progradation during the 20 th century. Considerable
progradation only occurred along the coasts stretching
from Waal island to Degalla (4.3 to 5.2), in some parts

of the bay of Galle (8.1 and 8.2), Katukurunda-Piyandigama
(10,2 to 12.2), in the bay of Weligama (13.2 to 13.3) and

at the Nilwala River mouth (16.2).
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5 CONCLUSIONS

Ever. though the coastline changes diiring the last tnree
centuries are within the time span covered by the study,
evidences pertaining to sea level fluctuations prior to thé
“ast three centuries are of interest as they assist in
undersrtanding the coastline changes of the Pliestocene
and Holocene periods. Important effects of sea level changes
in the study area relate to the mid-Ho.ocene. The Holocene
mar.ne transgression maximized around 6 th millennium BP.
It continued submerging the coastlduring 1000 year period
or until the beginning of the 6 th millenanium. Thereafter,
the sea began to regress from the submerged areas (Figure
3.1.2). Differences in elevation of the raised beaches of
the SW coast as compared to other coasts of ‘Sri Lanka and
the coasts of the islands in the Indian Ocean as well as
the coasts around the Indian Peninsula give rise to various
Neotectonic hypothesis; (i) the SW coast has subsided, (ii)
the SE, NE coasts of Sri Lanka and the NW coast of India have
remained stable or (iii) emerged slightly or subsided at
a lower racte than the SW coast, since the mid-Holocene.

The period concerned under the historical coastline
changes is divided into two sections namély; (i) changing
processes and their effects on coastline changes,

(ii)quantitative aspects. of the coastline changes. The
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information derived from previous studies (vVerstappen, 188/
and from the (few) historical documents available give only
an indication of the beginning of the abrasion phase. It
appears that the abrasion phase of the SW coast has probably
begun around 1700 as a result of the changing wind direction
and later has accelerated by a slight rise of sea level.
More research is necessary, however, to.get detailed
information about the beginning of the abrasion phase.

fhe changes of the coastline that occurred during the
19 th century show that many promontories, projected land
areas and capes have been destroyed and wide sandy beaches
were washed away. The facts pertaining to the 20 th century
confirm that the changes of processes have being continued
until the present decade (Figures 4.3.7 and 4.3.2). The
coastline degradation in the study area, however, 1s not a
continuous phenomenon as far as their changing patterns during
the 20 th century are concerned (Figuré 4.1.1). Even though
it is generally believed that the coastline degraded
continuausly the findings on the coastline changes pertaining
to the 20 th century show that the changes vary (a) within
the periods and (b) among the coaétal compartments. Some
coastal compartments have reméined,in the state of equili-

brium within the progradation and degradation rates .
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Prevention of building unnecessary structures in compart-
ments which are in a state of equilibirium/high rate of
progradation would improve the quality of the coast and

minimize the cost incurred by the coast protection works



-52-

REFERENCES
Amarasinghe, S.R. (1971) Coast Protection in Ceylon.
Colombo Port Commission Draft Report, EW/3CP,/3EN/1/Vol
Banford,A.J. (1929) Notes on the Climate of Western Ceyloun
with Special Reference to the Upper Winds at Colombo.
Ceyion J. Science, Sec. E, 1, pp 173-205.
califonia Coastal Conservation Commission (1975) Califonia
Coastal Plan. San Francisco, cczc, 1975,
Carr, A.P. (1965) Spit and River Mouths: Short-term
Dynamics. Trans. Inst. Brit. Geog. 36, pp 117-129.
Coast Conservation Unit (1982) Performance Report, 1982,
Unpub., Colombo.
Coast Conservation Unit (1980) Performance Report, 1980,
Unpub. Colombo.
~Clarke, J.A., Farrel, W.E. & Peltier, W.R. (1978) Global
Changes in Postglacial Sea Level; A Numerical
Calculation. Quaternary Research, 9, pp 265-287.
Colborn, J.G. (1875) The Thermal Structures of the Indian
Ocean. The University Press of Hawaii, Honalulu.
Cooray, P.G. (1967) An Introduction to Geclogy of Ceylon.
National Museum, Colombo.
Daséanayake, S.W., (1928) Coastal Erosion in Ceylon. Trans.
Engi. Assoc. of Ceylon for 1928, pp 55-73.
de Boer, G. (1964) Spun Head: its history and evolution.

Trans. Inst., Brit. Geog. 34; pp 71-89.

P



-513-

faton, k.O. (1961) Coastal Protection and Coastal
Resources Development of Ceylon. US Operation
Mission, Order No 83/31/012/2/10057 of 1961.

Fisher, J.J. (1984) Regional Long-term and Localized
Short-term Coastal Environmental Geomorphology
Iinventories. in Development and Applications of
Geomorphology. E4d. J.E. Coasta & P.J. Fleisher,
Springer-Verlag, NY.

Geological Survey Department of Sri Lanka (1982) Geological
Map of Sri Lanka. Geological Survey Department of
Sri Lanka. Colombo.

Gerritsen, F. (1974) Coastal Engineering in Sri Lanka.
Report on UN Mission, University of Hawaii, Honalulu.

Goudie, A. (1977) Environmental Changes. Oxford Clerendon
Press, 1977.

Gupta, S.K. (7972) Chronology of the Raised Beaches and
Inland Coral Reef of the Sourashtra Coast. J. Geology,
vol. 80, 1972.

Cuiatee, B.L. (1950) Technical report, 1948-49, Part III,
Geodetic Work, Sec. 1, Mean Sea Level in India.

ITC (727%) Technical Exercises for the sub-Department of
Geograghy. ITC, Enschede, The Netherlands.

Katupoina, <. (1988) Hiroshima University radiocarpbon Dates
Wwest znd South Coasts of Sri Lanka. Radiocarbon, Vol 30,

Ne 3, 1988, pp 341-346.



—€4-
Kidson, C. (1952) bDawlish Warren: A Study of the
Evolution of the Sand Spits across the Mouth of the
River Fxe in Devor. Trans. Inst. Brit. Geogr. 18,
pp 69-80.
Kidson, C. (1963) The Crowth of Sand and Shingle Spits
Across Estuaries. Zeitsschrft fur Geomorphologie. Band,
7, Helt 1963, pp22-40.

Madduma Bandara, C. 4. (1982) A Survey of the Coastal
Zone of Sri Lanka, Vol i, ii & 1iii. University of
Peradeniya, Sri Lanka.

Paranathala, W.E. (1350) Memorundum on Coast Erosion and
Protection in Ceylon. Unpub. Department of Irrigation,
Colombo.

pPeoples Bank (1980) Economic Review. Special Issue on
Coastal Conservation. Vol, 6, No 8, 1980, Nov.

Steers, J.A. (1948) The Coastline of England and Wales.

Cambridge.
Swar, E. (1965) Ccast Zrosion Principles and Classification

of the SW Ceylon's Beaches on the basis of Their

Frosiona’' Stability. Ceylon Geographer. 19 (1-40),
op 1-16.
Swan, B. (1967) Characteristics of Coastal Sands and their

Depositional Envi:onments in Southwest Ceylon. Tropi.
Seog, 24 (June) pp 30-42.

Swan, (1974) Coastal Erosion hazard of Southwes*t Sri Lanke.

University of Nazw England, Australia.

AL}



" -55-
Swan, B. (1982) The Coastal Geomorphology of Sri Lankaj

An Introductory Survey. University of New Ingland,
Australia.

Thornes, J.E. & Brunsden, D. (1977) Geomorpholoygyy and

Time. Methuen and Co, Ltd, London.

Verstappen, H.Th. (1987) Geomorphological;étudies on
Sri Lanka with Special Emphasis on the Northwest
Coast. ITC J. 1987-1, pp 1-17.

Weerakkody, U. (1983) An Analysis of the Chronclogy of
the Southwest Coastline of Sri Lanké. Proc. 39 th Ann.
Sess. Sri l.anka Assoc. Advan. Science. Colombo.

Weerakkody, U. (1985 Geomorphological Evolution of the
Southeasc coast of Sri Lanka; An Aerospace Survey
Approach. Unpub. MSc thesis, ITC, The Netherlands.

Weerakkody, U. (1987) Use of 0ld Documents in Mapping
Coastal Changes. ITC Journal, 1987-2, pp 139-144,

Weerakkody, U. (1988) Mid-Holocene Sea Level Changes in
Sri Lanka. J. National Science Council of Sri Lanka,
Vol 16, (1), pp 23-37.

Zeper, J. {1960) Sea Erosion Studies and Recommendations on
Coast Protection in Ceyvlon. Netherlands Bureau for

Tnter. Techn. Assoc. Ministry of For. Affa, The Hague.



	NA _3_i.pdf
	NA _3_i (2).pdf
	NA _3_i (3).pdf
	NA _3_i (4).pdf
	NA _3_i (5).pdf
	NA _3_i (6).pdf
	NA _3_1.pdf
	NA _3_1.pdf
	NA _3_1 (2).pdf
	NA _3_1 (3).pdf
	NA _3_1 (5).pdf
	NA _3_1 (6).pdf
	NA _3_1 (7).pdf
	NA _3_1 (8).pdf
	NA _3_1 (9).pdf
	NA _3_1 (10).pdf
	NA _3_1 (11).pdf
	NA _3_1 (12).pdf
	NA _3_1 (13).pdf
	NA _3_1 (14).pdf
	NA _3_1 (15).pdf
	NA _3_1 (16).pdf
	NA _3_1 (17).pdf
	NA _3_1 (18).pdf
	NA _3_1 (19).pdf
	NA _3_1 (20).pdf
	NA _3_1 (21).pdf
	NA _3_1 (22).pdf
	NA _3_1 (23).pdf
	NA _3_1 (24).pdf
	NA _3_1 (25).pdf
	NA _3_1 (26).pdf
	NA _3_1 (27).pdf
	NA _3_1 (28).pdf
	NA _3_1 (29).pdf
	NA _3_1 (30).pdf
	NA _3_1 (31).pdf
	NA _3_1 (32).pdf
	NA _3_1 (33).pdf
	NA _3_1 (34).pdf
	NA _3_1 (35).pdf
	NA _3_1 (36).pdf
	NA _3_1 (37).pdf
	NA _3_1 (38).pdf
	NA _3_1 (39).pdf
	NA _3_1 (40).pdf
	NA _3_1 (41).pdf
	NA _3_1 (42).pdf
	NA _3_1 (43).pdf
	NA _3_1 (44).pdf
	NA _3_1 (45).pdf
	NA _3_1 (46).pdf
	NA _3_1 (47).pdf
	NA _3_1 (48).pdf

	NA _3_2.pdf
	NA _3_2.pdf
	NA _3_2 (2).pdf
	NA _3_2 (3).pdf
	NA _3_2 (4).pdf
	NA _3_2 (5).pdf
	NA _3_2 (6).pdf




