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ABSTRACT:

The coastlines of Thailand of 2,637 km long, have been changed drastically in the last few decades. The hot issue is the coastal
erosion problems. As the World Bank in 2007 estimated that Thai coastal land has been lost 2 km? per year with the damage of 6
Billion Baht. The changings of Thai coasts in the last decade were 15.8% in the Andaman Seacoasts and 37% in the Gulf of
Thailand coasts. Most are stable of 84.2% for the Andaman seacoasts and 63% for the Gulf coasts, while it appears that
approximately 90% of the Gulf coasts are now classified as erosion. In order to solve or protect the land, the authorized agencies
should have immediate planning to manage the coastal zone effectively and sustainably especially if the sea level rise from global
warming. Remote sensing has been used to detect the coastline change both from natural and man-made causes in various parts of
Thailand. Landsat satellite data were analysed to quantify the rate of change at the Chao Phraya river-mouth, Eastern parts of the
Southern Peninsular and Mapthaput Industrial Estate area. The role of protection of mangrove forest at Ban Laem Sing, western side
of the Chao Phraya river-mouth were exemplified by Landsat data. The changing patterns of sediment plume from this major river of
Thailand which effects the changing coastline also were detected by Landsat data. One of the major cause of severe coastal erosion
during winter of 2007 was evident from scatterometer and altimeter data. Many causes of coastal erosion by human activities can be
shown by satellite data. These alarming evidences must be managed systematically before all the coasts of Thailand will be
disappeared in our life time.
more than 12 million.

1. THE THAI COAST

1.1 The Evolution of the Thai Coast Status/Length (%) Andaman Gulf of
Thailand
The coasts of Thailand have been evolved in the past due to Severe erode > 5 m/yr 23(2.45%) | 181 (11%)
the changing of sea level. Since 6,000 years ago, the coast of Mid erode 1-5 m/yr 90.5(9.65%) | 302(18%)
Thailand has been accreted especially at the Inner Gulf of Deposition/Accretion 35(3.7%) 127(8%)
Thailand, from approximately 70 kms to the present Chao Changing 148.5(15.8%) | 610(37%)
Phraya river delta. At the other areas, the sea covered the low Stable (dynamic) 788.5(84.2%) | 1090(63%)
plains more or less according to the topography of the coast, Total length (km) 937 1,700

see Figure 1.
Table 1. The present status of Thai coasts ( compiled from

T e Sinsakul et al., 1999, 2002).
T w® In the past, the coastlines have been changed mainly by
s B natural processes. However, with the economic development
Myanmar y\‘{“ Cambodia since 1970’s, the dramatic changes were related to the

o Y maintenance of the waterway to the Bangkok Port and many
: local small fishing ports. The coastal erosion is closely

GuffofThalland % Sofen — " related to the process of industrialization and the

.;’f— nam modernization of the society, which experienced a big change
’ 4 during 1980’s. We can outline these events as:
i Holocene coastiine . e 1952-1974 invasion of coastal land especially the
ﬁ?ﬂg B Area of Thai coast. Inner Gulf of Thailand.
PR e 1965 Maintenance of river mouth of Chao Phraya.
e - \‘ e 1970’s Maintenance of other river mouths.
| Andaman Sea - . 1977 Constructions of Bhumipol & Sirikit Dams.
Malaysia e 1982 Aquaculture boom, cutting mangrove, severe
erosion further.
Figure 1. Thai coastline at Holocene (last 6000 years ago) e Since 1985 new industrial ports, aquaculture
Sinsakul et al. (2002). practices 1988 Laem Chabang Port construction of
deep-sea port.
1.2 The Present Status of the Thai Coast . 1990 Erosion on many coasts from resort
. ) ) constructions and tourism activities.
The coastline can be grouped into accretion, stable and The present status is summarized in Table 1. Sinsakul et al.
erosion. For the total coastline lengths of 2,637 kms, the reported the status of the Thai coasts that there were 83% of
Gulf coasts cover 1,700 kms and the Andaman seacoasts stable coast at the Gulf of Thailand (2002) and 84% at the
cover 937 kms.  The population of all coastal provinces are Andaman seacoast (1999). At present, human activities have
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caused the higher rate and more permanent coastal erosion on
more than 80% of the total coastline. At the same time, the
stable coasts are left lesser and lesser.

2. DETECT THE COASTLINE CHANGE.

Remote sensing is a useful tool to detect coastline change. In
Thailand, the author has used many kinds of satellite data to
detect the coastline change and find the causes of the
coastline change especially coastal erosion.

2.1 The Coastline Change at the
Rivermouth.

Chao Phraya

Landsat satellite data has been used to detect the coastline
change at this delta area (Figure 2). The cutting of mangrove
trees for converting to the fish and shrimp ponds and human
settlement is one cause of coastal erosion in this area.

The land-use changes are the evidence of the impact of
human activities on coastline change (Figures 3 and 6).
Extensive cutting of mangrove area promotes erosion rate.
Where the mangrove trees were preserved such as at the
Naval Base, the coastline has been accreted instead of erosion
(Figure 4). The high rate of subsidence due to sediment load
and pumping underground water is very high about 55 cm per
17 years (1978-1995) at the Naval Base. The constructions
of major dams in the upper land have prevent the sediment to
the sea and promote erosion. The ineffective coastal
protections such as sea wall, breakwater, sand sausage and
groyne also accelerate the erosion rate.

Eroded area 480 meter wide, cover 6.5 km’, in
this Landsat Image area.

Figure 2. Shoreline change from 1987 (red) to 2002 (white)
from Landsat data.

F b T
LB
2070
0. 120
130 - 170
= 10-220
=0 -3

Figure 3. Rate of shoreline change from 1987 — 2002
interpreted from Landsat imageries at 30 meter resolution.

The patterns of sediment plume from this river during the
peak and low river discharge were analyzed to study the
effects of river discharge and monsoon wind pattern on
coastline accretion and erosion (Figure 5). During southwest
monsoon and low river discharge, on 4 May 1989 (Figure 5,
upper image), the wave-driven current showed the deposition
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of the sediment along the east side of the Chao Phraya River-
mouth. However, during the northeast monsoon and peak
river discharge on 10 October 1990 (Figure 5, lower image),
The large plume of river sediment extended further to the sea
and some deposited on the west side of the river-mouth.
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Figure 4. Coastline changes from 1974 to 1999, W side of
Chao Phraya River-mouth from Landsat.
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Figure 5. Relationship of sediment plume with river runoff
and monsoon wind at Chao Phraya River-mouth from
Landsat.

The land coverage classification
2000-2004

Unsupervised classification was performed
using the ISODATA method.

Supervisions were acquired by the field survey
and the false color image.
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Figure 6. Landuse change at the Chao Phraya River-mouth.

2.2 The Coastline Change at Map Ta Phut Industrial

Estate, Rayong.

The

Map Ta Phut Industrial

Estate is the largest

Petrochemical industrial Complex in Thailand. It is situated
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on the coast of Rayong province since 1989. After
construction of the big sea ports, reclaimed lands, and other
coastal activities, the coastlines have been changed
drastically. The Landsat images in 1988, 1994 and 2000
before and after the constructions of the reclaimed lands were
used to study the coastline changes by image difference
method. The result show that the accretion and erosion of the
western coastline during this period were estimated as 5,250
and 6,975 metre> per year, while the eastern coastline were
4,650 and 11,400 metre? per year (see Figures 8 and 9). The 8
Landsat images were analysed by colour density slicing
method to detect the effect of monsoon wind on sediment
distribution which can cause accretion and deposition of the
coast here.

Mapping Coastline
Change Using remote
Sensing

Map Ta Phut, Rayong

Figure 7 Coastline change 1987 — 1999 from Landsat
showing the effect of harbour development at Map Ta Phut,
Rayong province.
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Result of image difference before
reclaim (5 Aug. 1988) & after reclaim
phase 1 (10 Nov. 1994)

Result of Image difference after reclaim
phase 1 (10 Nov. 1994) & phase 2 (12
Dec. 2000)
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Figure 8. Effect of the constructions of the reclaimed lands
from landsat on coastline changes at Map Ta Phut .

994

il nsamng) —8— 10 e
ot
/
Wbl
. i
400 o\m\/v \‘/\m EBEIE]
“ ] L\
\_/\/\/
Area change (m?) of

Maptaput before reclaim (5
Aug. 1988) & after reclaim
phase 1 (10 Nov. 1994).

a0w0.
|

il
T

e
W =

\r
/
\V

Area change (m2) of
Maptaput after reclaim
phase 1 (10 Nov. 1994)
& phase 2 (12 Dec.
2000).

Area change (m2?) of
Maptaput before reclaim
(5 Aug. 1988) & after
reclaim phase 2 (12
Dec.2000).

Figure 9. Quantified area changes before and after
construction of the reclaimed lands at Map Ta Phut by
Landsat.

2.3 The Coastline Change Along the East Coast of
Southern Peninsular Thailand.

Landsat

and THEOS Images were used to detect the

coastline changes in this area. It is revealed that human
activities are the main cause of coastline change especially
coastal erosion than natural causes.

Coastline change, Laem Pukbia,

64
Phetburi from 1987 to 2002

Figure 10. Coastline change at Laem (spit) Pukbia, Phet-buri
province from 1987 to 2002, by LANDSAT.

Coastline changes
at Prachuab Khiri

Coastline change at
Kao Tagieb, Prachuab
Khiri Khan from 1987
to 2002, by LANDSAT.

Figure 11. Coastline change at Ta-gieb Hill, Prachuab Khiri
Khan Province from 1987 to 2002 by Landsat.
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Coastline changes at
Cha-um, Ph i

600 1] 600 1200 Meters

Figure 12. Coastline change at Cha-um, Phetburi province
from 1987 — 2002, by Landsat showing eftect of jetty.

Figure 13. Effect of engineering hard structures on coastline
change on 19 January 2009 by THEOS images.

The construction of seawall at Laem Pukbia, Phetburi
province, in Figure 10 caused the spit, which normally is the
accretional coast to be eroded after construction because of
scouring and beach drawdown. The construction of seawall
and few small fishing ports at Ta-gieb Hill, Prachuap Khiri
Khan province in Figure 11 caused downdrift erosion from
the hill. After the construction of the jetty at Cha-um,
Phetburi province, the deposition occur at the downdrift and
erosion at the updrift on the longshore sediment transport, as
shown from Landsat images in Figure 12.
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The Thai satellite THEOS image show the effect of
engineering constructions such as groynes, seawalls, offshore
breakwaters and jetty on coastline change at Rayong. It is
need to assess the effect of these strucures on coastline before
construction, otherwise, it is too much expensive for the
remedy program.

2.4 The Catastrophic Coastal Erosion from Cold Surge.

The wind patterns fromQuikSCAT/Sea Winds and sea
surface height anomaly or wave data from satellite altimeter
were used to detect the catastrophic coastal erosion on 20
December 2006 along the east coasts of Southern Thai
Peninsular (Figure 14). The strong Cold Surge from northeast
caused very high waves which attacked furiously on the Thai
and Malaysian coasts and caused severe coastal erosion.
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Figure 14. The QuilSCAT/SeaWinds and SSHA data on 20
December 2006.

2.5 Effects of Sea Level Rise at Songkla Lake Basin

The effect of sea level rise at the Songkla Lake basin was
studied by Tanavud & Chusrinuan (personal communication)
The inundation areas due to sea level rise in a 0.5, 1 and 3 m
sea level rise scenarios, They estimated the impact of sea
level rise on Songkla Lake Basin using 3 scenarios overlay
on 1975 aerial photographs and 2006 Landsat-5 TM
imageries in GIS environment to identify the sectors along
the basin coastline where the shoreline position has been
changed over the last 31 years.

Figure 15. Effect of sea level rise in 0.5, 1 and 3 m scenarios
on coastal resources and morphology of the Songkla Lake
using Landsat and aerial photographs.
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Inundated | % of total
Sea level | area (ha) coastal
rise sub-district
scenario areas
0.5m 13,941 40.9
1.0m 17,303 50.7
3.0m 21,338 62.5

Table 2. Inundation area under each sea level rise scenarios.

Existing area 0.5 m sea level 1.0 m ses level 2.0 m seas level

Geomorphic rise scenario rise scenario rise scenario
features Wa | %ol | Impact | % of | Impact | %ol | Impact | % of

total -ed its -ed its -ed its.

area | area | area | area | area | area area

(ha) | (ha) (ha) (ha)

Abandaned channel Fu1 0.9 a4 15.1 a6 158 50 17.2
Beach ridge 4,457 13.1 1,172 26.3 1,410 318 1,949 43.7
Deltaic loviland 57 0.2 26 5.6 40 70.2 57 100.0
Mountains, hills 1,712 | a0 16 0.4 23 1.3 a8 2.2
natural leves s668 | 166 | 2ew3 | avs | 3ssz | exr | aan | owea
Pleistocene terrace 1,222 2.9 1 0.1 2 0.2 12 0.9
Sand splt 759 2.2 ara 49.1 464 61.1 691 91.0
Swale, hack marsh 14,402 | 42.2 6,895 47.9 8,127 56.4 9619 66,8
Sweamp, marth 53 0.2 15 8.3 15 8.1 27 50.9
Tidal flat 751 2.2 207 276 251 33Aa 344 45,8
flsc 4,652 13.6 2,499 33.7 3,365 72.3 4,160 9.9
Total 34,124 | 1000 | 13,941 | 409 17,303 50.7 21,330 62.5

Table 3. Inundated area of major geomorphological features
on Songkla Lake coast under three sea level rise scenarios

2 e Exiuting arva 0.5 m sea level 1.0 m sea level 2.0 m wea level
Land usc rise scenarlo rise scenarlo rise scenarlo
type
ha Yo of | Impac | %eof | Impact | %eof | Impact | %eof
total ted s ed fts ed s
area | area area area area area area
(ha) | (ha) {ha) {ha)
Forest ELLY 1.0 18 4.9 0 5.4 23 f.3
Rica 15,242 | 447 | 7,259 476 AA14 56.5 innms3 65.7
Fruit 4,976 14.6 1,599 221 1,989 an.n 2,590 52.0
wrchards
Rubber 1,523 4.5 1 0.1 2 0.1 5 0.3
Shrimp 6,010 19.4 3,133 ara 4,060 bl.4 3,199 8.7
farm
Mangroves b2 0.1 a3 st al 2.3 a8 3.5
Freesh water 249 n? 1 na an 12.0 42 16.9
swramp
Urban arcas 2,110 2.1 1,056 24.0 1,433 46.1 2,043 65.7
Open water a0 0.3 19 211 36 40.0 55 61.1
Miscellaneo 1,094 5.6 a10 420 1,062 56.1 1,310 69.2
s
Total 34,124 (1000 | 13,941 | 409 17,303 | 0.7 | 21,338 [F a1

Table 4. Inundation area on coastal land use type at Songkla
Lake basin under three different sea level rise scenarios.

3. CONCLUSIONS

The seacoast is an important natural resource of the world.
We should protect this fragile environment for optimal uses.
The satellite data are shown be a powerful tool to detect the
coastline changes in Thailand. With environmental data such
as wind, river discharge, human activities, we can study the
causes of the coastline change and make appropriate coastal
zone management policy to protect the coasts effectively and
sustainably.
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