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ABSTRACT: Beach forests are important ecological zones in many coastal regions. Many are under increasing
anthropogenic and natural stress. Beach forest changes and their causes were examined in three tsunami-impacted
sites with different land-use/cover (LULC): Ban Nam Khem (BNK, fishing village), Khao Lak (KL, tourist destination),
and Thai Mueang (TM, part of a national park). Vegetation surveys, GIS, and interpretation of time series IKONOS and
THEOS imagery using supervised classification (ENVI 4.7) from 2003–2013 were performed. Six beach forest tree and
shrub species were found in BNK and KL, dominated by Casuarina equisetifolia, while 24 tree/shrub species, dominated
by Syzygium grande, were observed at TM. After the tsunami, beach forests were severely damaged in BNK (45%), KL
(40%), and TM (23%). Recovery of beach forests in 8 years varied from BNK (58%), KL (39%) with low rates in KL
and high rates in TM (62%). Substantial portions of the three sites were still characterized as beach forest in 2013,
though the forests now included areas that had recovered from the tsunami damage and/or altered LULC (e.g., barren
land to beach forests and vice versa). Anthropogenic factors represented 40% (BNK), 56% (KL), and 5% (TM) of the
changes with urbanization being a leading cause in tourist areas (KL; 24%). The study highlights the need for improved
understanding of beach vegetation, tsunami impacts, and LULC to provide sustainable management of beach forests in
Thailand in three sites with different anthropogenic characteristics.
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INTRODUCTION

Beach forests are typically found above the high-tide
mark in sandy soils. Vegetation species are adapted
for growing in extreme conditions and are resilient
to the effects of wind, rain, waves, and salt spray
from the ocean1. This habitat experiences wide vari-
ations in temperature, salinity, and humidity which
influence the composition of plant species2. Beach
forests are typically classified by their dominant
species: in the Indo-Pacific Region, the dominant
tree species are Barringtonia asiatica (L.) Kurz, Calo-
phyllum inophyllum, Terminalia catappa, Pandanus
tectorius Parkinson ex Zucc, Hibiscus tiliaceus, and
Casuarina equisetifolia J.R. & G. Forst.3.

In Thailand, the dominant species of beach
forests are influenced to a large extent by soil sub-
strate characteristics; larger sand grains are present
closer to the beach while smaller grains are found
landward4. The plant communities vary by dis-
tance from the high water mark based largely on

sand grain size. As a general rule, starting from
the high water line, beach forest communities are
dominated by creeping plants, such as Vitex trifolia
var. simplicifolia, Ipomoea pes-caprae Sweet, Spinifex
littoralis (Burm f.) Merr., and Canavalia maritima
(Aubl.) Thouars. Further inland creeping plants are
replaced by shrub species represented by Scaevola
taccada (Gaertn.) Roxb., and Tephrosia purpurea
(L.) Soland. ex Correa2. Further landward, trees
become dominant; in Thailand Casuarina equiseti-
folia is a dominant species on sandy beaches or
sand dunes frequently seen as a pure stand2. As
a more specific example the natural beach forest
comprised 104 species in Sirinart national park,
Phuket province, Thailand; a herbaceous zone with
creeping plants extends 10–15 m from the beach,
then a 5–10 m shrub zone which becomes domi-
nated by trees further landwards4.

The once large and mostly contiguous beach
forests of Thailand now commonly exist as frag-
mented patches, a result of human activities2. This
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fragmentation has had many consequences, for ex-
ample land-use/cover (LULC) changes are responsi-
ble for loss of biodiversity5–8 and potentially mini-
mizes their ability to sustain costal ecosystems.

Beach forests play important roles in sustaining
coastal ecosystems and local communities. The
ecosystem functions by protecting sandy beaches
against coastal erosion and the effects of winds
and storms, and protects against damage caused by
salt spray to human settlements or cultivation9, 10.
Adjacent sandy beaches are important nesting sites
for sea turtles3, 5.

The 2004 tsunami impacted coastal areas of
the Andaman Sea coast and the Bay of Bengal.
Several studies were conducted dealing with the
assessment of tsunami impacts to shorelines and
the role of coastal vegetation in protecting local
communities11, 12. As specific examples in this re-
gion, Pandanus odoratissimus L.f. and C. equisetifolia
mitigated destructive tsunami forces, their effective-
ness depending on the magnitude of the tsunami
and vegetation structure13. Casuarina forests are
generally negatively impacted by tsunamis in the
Andaman Sea14, however, a surprising finding was
that Casuarina forests remained undamaged after
the 2004 tsunami devastated Hambantota City in
southern coastal Sri Lanka10.

Spatial details of coastal vegetation are often
studied by, remote sensing, which can play an
important role in assessing and monitoring at lo-
cal scales15, 16. Satellite images in a time series
sequence can assess changes from the present to
several decades earlier17. On a larger scale, and di-
rectly relevant to this study, Quick Bird and IKONOS
satellite images have been used for pre-tsunami
and post-tsunami assessment of woody vegetation
and Casuarina forests, showing how they provided
protection to landward areas18.

Previous literature2, 5–7 describes how natural
disasters and human uses of the coastal zone have
impacted beach forest function. Accurate and reli-
able information on the rate and causes of defor-
estation of beach forests is not available for Thai-
land. Such information is needed to understand the
ecology of beach forests and temporal changes over
the long term. To address this knowledge gap, this
study determined the distribution of beach forest
diversity by employing a three-fold approach, using
vegetation surveys, remote sensing, and geographic
information system (GIS). The overall goals were
to determine how much beach forest remains and
to uncover the reasons for beach forest changes
over the long-term, with emphasis on the 2004

tsunami event and delineation of natural versus an-
thropogenic causation over the 10-year study period
in three coastal sites with different LULC character-
istics.

Study sites

The study area as shown in Fig. 1 comprises three
sites in a 41-km2 long coastal strip of 1000 m width
in Phang Nga province, Thailand, along the An-
daman Sea coast. These three sites were intensively
impacted by the 2004 tsunami. All three study areas
still contain remnants of beach forests. However,
one of the sites, Khao Lak, is under significant
economic pressure from tourism and as a result
likely to be further changed to urban or barren
land. The areas are representative of different types
of LULC that have impacted vegetation. Three
study sites were also selected due to their unique
characteristics, as follows. Ban Nam Khem (BNK)
in the North (8° 51′ 32′′ N, 98° 15′ 46′′ E) represents
a fishing village and is sparsely populated. The
housing density is relatively low19. The topography
is a flat area with a ground elevation of approxi-
mately 2–3 m, and in some areas up to 6 m. Several
ponds are located in the village19. BNK was strongly
impacted by the 2004 tsunami with run-up wave
surges reaching 8–9 m in height and inundation
extending up to 3 km landwards20.

Khao Lak (KL) is situated between the two
other study sites (8° 44′ 26′′ N, 98° 13′ 10′′ E). It is
a rapidly growing tourist centre with large hotel
complexes and sparsely distributed resorts in hilly
terrain. The study area is interspersed with smaller
freshwater ponds resulting from tin mining activities
of the last century21. KL was the most heavily im-
pacted area in Thailand following the 2004 tsunami
with 80% of hotel capacity lost22, 23. The coastal
area was strongly impacted by the tsunami with run-
up elevations mostly ranging from between 5 and
10 m, but up to 10–12 m were also observed24.

Thai Mueang (TM) in the South (8° 33′ 9′′ N,
98° 12′ 18′′ E) represents a natural beach forest
within a national park (Khao Lampi–Hat Thai
Mueang national park). The national park cov-
ers the coastal area between Tap Lamru and Thai
Mueang city.

MATERIALS AND METHODS

The study used multi-date IKONOS imagery ac-
quired from the centre of Remote Sensing and Pro-
cessing (CRISP) in Singapore and Spatial Dimen-
sion Solutions in Bangkok (Thailand). IKONOS
imagery dates are 13 January 2003 (pre-tsunami)
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Fig. 1 The study area. Satellite images are based on IKONOS multispectral data from 13 January 2003. Three sites
shown: (1) Ban Nam Khem, (2) Khao Lak, and (3) Thai Mueang, Phang Nga province, southern Thailand.
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and 15 January 2005 (post-tsunami). THEOS im-
agery was acquired on 4 February 2013 from the
image archives of Geo-Informatics and Space Tech-
nology Development Agency (Public Organization)
(GISTDA), Bangkok.

A land use map was created from the pre-
tsunami IKONOS image (2003) by supervised clas-
sification with maximum likelihood algorithm (us-
ing ENVI 4.7 software) and coastal land use and
vegetation types were classified in the three study
sites. To classify pre-tsunami vegetation and distinct
land use types, a historical IKONOS image (2003),
from which all categories could be discerned visually
by pan-sharpened IKONOS images (resolution =
1 m), was used in combination with digital classified
surface/vegetation maps generated by the Thailand
Department of Land Development (LDD) in 2000.
To confirm historical (2003 and 2005) land use
and vegetation types, current THEOS images (2013)
were analysed as described above, with select areas
collaborated by ground truth analysis (as described
below). Digital results generated here (for 2003 and
2005) agreed to a high level with previous work in
Phang Nga Province25, 26.

Image preprocessing

Preprocessing of multi-temporal satellite images
first involved registering imagery using a set of
53 ground control points (GCPs). The GCPs
were selected from building corners, crossroads
and noticeable landmark objects. The pre-tsunami
scene of 2003 was initially registered. The GCPs
and co-registration between the images gave co-
registration errors of less than one-half pixel. Cloud
masking was conducted using the 2003 and 2013
images; all images were trimmed by applying a
function to a spatial subset of the image to the same
size.

Ground truth

Fieldwork supported the classification of images and
delineation of land cover and vegetation types. A
total of 12 classes were established: agricultural
land, aquaculture, beach forest, mangrove, coconut,
Melaleuca forest, rain forest, swamp forest, other
vegetation, barren land, urban, and water bodies.

The 12 LULC classifications in the study were
observed and confirmed by ground truth surveys.
Ground truth data were collected in July–August
2012. Beach forest areas are difficult to classify from
satellite imagery, in part because they generally
comprise mixed species25, 27 and because they gen-
erally lack a coherent boundary. Hence extensive

vegetation surveys of beach forest were used for
their classification. Beach forests in BNK and KL are
dominated by C. equisetifolia such that ground truth
work was crucial. In TM the beach forests are far
more diverse, but the forests have clear boundaries
with adjacent Melaleuca, swamps, and mangrove
forests.

Beach forest surveys were conducted to identify
tree species diversity and distribution. Transects
lines were mostly of 100 m in length, while some
transects in BNK and KL were less than 100 m
because the beach forest zones were frequently frag-
mented. Transects were sampled at 10 m intervals
moving landwards using 10×10 m quadrat surveys
conducted at random locations as selected by GIS.
The quantitative analysis of tree species in beach for-
est community forests by using 10 vegetation tran-
sect surveys to calculate density, frequency, basal
area and their relative values and Importance Value
Index (IVI)28. The IVI value is scored from 0–300,
and utilizes three characteristics such as density,
frequency, and abundance by using the following
formula:

IVI= Densityrel+ Frequencyrel+Abundancerel.

LULC classification procedure and accuracy
assessment

Supervised classification was employed to generate
LULC maps. Images were classified using signatures
from training sites in Table 1. Vegetation surveys in
July–August 2012 were used to identify vegetation
types and their distribution. A total of 12 classes
were established: agricultural land, aquaculture,
beach forest, mangrove, coconut, Melaleuca forest,
rain forest, swamp forest, other vegetation, barren
land, urban, and water bodies.

High resolution pan-sharpened imagery was
used to visually select training areas to assess the ac-
curacy of classifications29 to ensure accurate change
detection results. Images were used to visually
select validation points for the 2003 and 2005 clas-
sification maps, and verified from the field trip,
for accuracy assessment of classification maps for
2013. The number of reference test pixels30 used
for the assessment of accuracy varied with the rep-
resentatives of each class. The number of training
areas comprised at least 73 pixels for the assessment
of classification results. The accuracy assessment
process, it uses overall accuracy, kappa statistics,
producer’s accuracy, and user’s accuracy to evaluate
the performance of classifications.
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Table 1 Images of LULC class definitions.

LULC classes a Class definitions

Agricultural land Oil palm, orchard plantation, and rubber plantation.
Aquaculture Farming of aquatic organisms, including fish, shrimp, molluscs, crustaceans, and aquatic plants.
Beach forest Vegetation types of beach forest differ in each area. Ban Nam Khem and Khao Lak were covered

by Casuarina equisetifolia and in Thai Mueang by mixed beach forest.
Barren land Exposed soil surface such as beach, sand dunes, construction sites, and low sparse plant cover.
Coconut Coconut plantations.
Mangrove Mangrove forests dominated by Rhizophora apiculata, R. mucronata, Ceriops tagal, and Bruguiera

cylindrica 31.
Melaleuca forest Forest dominated by Melaleuca leucadendron.
Rain forest Natural rain forests are located in the mountainous terrain east of the study areas. They are

protected by two national parks: Khao Lampi–Hat Thai Mueang and Khao Lak Lam–Ru.
Swamp forest Swamp forest is adjacent with mangrove but not Melaleuca forest.
Other vegetation Open woodland, semi-open landscape, grass, and shrub land.
Urban Hotel, resort, residential, commercial services, transportation, roads.
Water bodies River, permanent open water, lakes, ponds, reservoirs, and open water channels and waterways.

a Modified from land use classification 32.

Change detection

Change detection techniques were used to compare
classification results to evaluate beach forest areas
before (2003) and after the 2004 tsunami (2005–
2013). This technique was applied to three different
time periods (2003–2005, 2005–2013, and 2003–
2013). Using ENVI 4.7 software to conduct the
change detection analysis, raster images of LULC
classes were exported to perform cross-tabulation
manipulation. It was assumed that the three sets of
classified images represented the temporal changes.
The visual display of the outputs showed results
in the form of colour maps, where each colour
uniquely represents a change from one class to
another.

RESULTS AND DISCUSSION

In this study, LULC was quantitatively accessed in
three sites in Phang Nga Province, southern Thai-
land, that have substantial differences in anthro-
pogenic activities, including a fishing village, a
tourist area, and part of a national park. Beach
forest vegetation diversity was analysed by com-
bined remote sensing, GIS and ground truth surveys
before, immediately after, and again eight years fol-
lowing the 2004 tsunami. Results were considered
in terms of baseline conditions (2003), destruction,
and changes that occurred during the recovery pe-
riod (2003 versus 2005), and those that occurred
throughout the 10 year study period (2003–2013).
Ten-year results were analysed in terms of anthro-
pogenic (e.g., urban, agriculture land) and natu-
ral (e.g., grasslands, shrubs) changes. Results are

presented in three parts: vegetation data, LULC
classification, and change detection of beach forest
areas.

Vegetation data

A total of 24 tree and shrub species (Table 2) were
identified in a total of 8300 m2 from 10 beach forest
transect lines. Four plant species dominated the
overstory of the three study sites: C. equisetifolia,
T. catappa, S. taccada, tree species, and P. odoratis-
simus, a shrub. These four species always occur in
natural beach forests2, 4, 27. However, the charac-
teristics of coastal morphology and soil substrates
(e.g., sandy soil versus rocky shore) in each study
site influenced species composition. Coastal study
sites were located mostly in sandy shore areas, but
rocky substrate was also present in areas of KL and
TM.

In terms of tree species, the dominant species
at BNK and KL was C. equisetifolia, which had the
highest IVI value. This species extended from the
vegetation line to 100 m landward. The lowest IVI
value (36) for C. equisetifolia was observed in TM,
a site that can be described as a mixed beach forest
(Table 2) and as described below under comments
about species diversity at the three sites. Another
dominant species, T. catappa, was found in KL and
TM more than at BNK.

As points of discussion (as background), it is
important to consider why C. equisetifolia is domi-
nant at two sites. A characteristic of C. equisetifolia
is that it can establish and grow in barren land or
sandy soil because of the root suckering habit and its
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Table 2 The quantitative analysis of beach forest species (IVI values) and distribution in three study sites.

Tree and shrub species IVI values Distance landward (m) Plant habitats

BNK KL TM 10–20 30–40 50–100

Casuarina equisetifolia J.R. & G. Forst. 223 208 36 + + + T
Cocos nucifera 14 3 − + + T
Pandanus odoratissimus L.f. 13 14 12 + + − S
Terminalia catappa 13 28 23 + + + T
Scaevola taccada (Gaertn.) Roxb. 12 21 27 + + − S
Hibiscus tiliaceus 16 9 + − − T
Calophyllum inophyllum 13 32 − + − T
Syzygium grande (Wight) Walp. 48 − − + T
Lepisanthes rubiginosa (Roxb.) Leenh. 34 − − + T
Barringtonia asiatica (L.) Kurz 25 9 + + + T
Allophylus cobbe (L.) Raeusch. 9 − + + S
Guettarda speciosa 7 + + + T
Crinum northianum Bak. 7 + − + S
Vitex pinnata 7 − − + T
Acacia mangium Willd. 5 − + + T
Barringtonia macrocarpa Hassk. 5 + + + T
Atalantia monophylla Correa 4 − + − T
Morinda citrifolia 4 − + − T
Ardisia elliptica Thunb. 4 − − + T
Salacia chinensis 3 − − + S
Carallia brachiata (Lour.) Merr. 3 − − + T
Diospyros wallichii King & Gamble 3 − − + T
Syzygium cumini (L.) Skeels 3 − − + T
Barringtonia acutangula (L.) Gaertn. 3 − − + T

+: present; −: not found. Plant habitats: T: trees; S: shrub trees.

rapid growth10. In addition, C. equisetifolia is more
resilient than other tree species and out competes
other trees that cannot grow well under a closed
canopy9, 33. Further, it is of note that these two
sites where C. equisetifolia was dominant are the
most anthropogenically impacted sites, suggesting
that prior activities had altered the species diversity.

Rocky shores are prevalent at KL and TM. The
dominant species, as expected, differ with this sub-
strate relative to sand. Dominant tree species in
rocky shore areas include Syzygium grande (Wight)
Walp., Lepisanthes rubiginosa (Roxb.) Leenh., and
Calophyllum inophyllum. These species become
established at a distance 50–100 m landwards away
from the salt spray zone.

Regarding shrubs, the dominant species at all
three sites was Pandanus odoratissimus, with similar
IVI values (12–14, Table 2). Scaevola taccada was
also present at all three sites, with the highest IVI at
TM; this is a common species of shrub zonation4,
and co-occurs with other shrub species Allophylus
cobbe, Crinum northianum, and Salacia chinensis
(Table 2).

In terms of species richness, the vegetation sur-
vey results indicated that BNK and KL have low
species diversity of trees/shrubs (Table 2) relative
to healthy beach forests4, signifying that these sites
are under stress. It is impossible to determine
from single-point-in time vegetation surveys if the
pressures are natural and/or anthropogenic, but
these questions are addressed below. However, it is
of note that these two anthropogenically impacted
sites also have C. equisetifolia as dominant, by a wide
margin, suggesting that prior activities had altered
the species diversity prior to our initial analyses
in 2003. In contrast, species diversity is high at
TM as exemplified by IVI values (Table 2) and con-
firmed by Shannon-Wiener Index analyses34. These
figures are indicative of a healthy, non-perturbed
environment, as might be expected for a national
park within a larger and diverse ecosystem compris-
ing rain forests, mangroves, Melaleuca, and swamp
forests.

In terms of species richness, the vegetation sur-
veys indicated that BNK and KL have low species di-
versity of trees/shrubs, with only six species present
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(Table 2). Inclusion of creeping plants would in-
crease diversity to only 10 and eight species at
these two sites, respectively. In contrast, species
diversity was high at TM as exemplified by IVI
values (Table 2) and confirmed by Shannon-Wiener
Index analyses34. Trees/shrubs were dominant (24
species) at TM, and the presence of rocky substrates
did not increase the number of species present (i.e.,
the same species were present on sandy soils and
rocky substrates).

Initial conclusions are possible from these veg-
etation surveys. The low species diversity at BNK
and KL, relative to healthy beach forests4, signify
that these sites are/may be under stress. It is im-
possible to determine from single-point-in time veg-
etation surveys if the pressures are natural and/or
anthropogenic, but these questions are addressed
below. However, it is of note that these two anthro-
pogenically impacted sites also have C. equisetifolia
as dominant, by a wide margin, suggesting that
prior activities had altered the ecosystem/species
diversity prior to our initial analysis in 2003. The
higher number of species, as confirmed by Shannon-
Wiener index analysis, for TM are indicative of a
healthy, non-perturbed environment, as might be
expected for a national park within a larger and di-
verse ecosystem comprising rain forests, mangroves,
Melaleuca, and swamp forests.

LULC classification

Determinations of LULC characteristics in the study
areas were derived from high-resolution IKONOS
and THEOS satellite imagery. Verification was done
by visually detecting land covers (e.g., rivers, shore-
lines, roof of a specific building, mangrove forests)
from the pan sharpened images (2003 and 2005)
and by ground truth surveys from site visits mapped
by GPS in 2013. The overall kappa statistics of
classified images in 2003, 2005, and 2013 were
0.82, 0.80, and 0.70, respectively (Table 3). The
lowest kappa value was from 2013 which comes
from classification of THEOS imagery. The lowest
value was related to the inherent properties of pan-
sharpened images. The THEOS pan-sharpened im-
age was sharpened with a panchromatic band and
a multispectral band, the consequence of such a
technique can cause discolouration, which affects
classification35.

LULC classification of the coastal zone was con-
ducted for the pre-tsunami (2003) and post-tsunami
(2005 and 2013) images, and divided into 12 classes
(Table 1, Fig. 2, and Table 4). Beach forest area
represented 4% (BNK), 3% (KL), and 18% (TM) of

Table 3 Summary of classification accuracies (%) for
2003, 2005, and 2013.

2003 2005 2013

LULC class. Prod. User Prod. User Prod. User

Agricultural land 100 75 100 100 60 60
Aquaculture 50 100 100 100 100 100
Barren land 100 95 91 83 33 67
Beach forest 83 63 50 100 75 67
Coconut 83 71 75 75 60 60
Mangrove 71 100 83 100 100 100
Melaleuca forest 0 0 100 50 100 33
Other vegetation 64 88 67 100 75 71
Rain forest 83 100 100 100 100 100
Urban 100 100 33 33 88 70
Swamp forest 100 100 100 100 0 0
Water 100 100 100 83 100 100
Overall accuracy 85 85 74
Kappa coefficient 1 1 1

Prod.= producer.

the total study sites in 2003. Beach forests represent
a small percentage of the total area, especially in
BNK and KL, likely because they have experienced
greater anthropogenic influences than TM. Regard-
less of their current coverage, beach forests are
extremely important habitats in terms of ecology
and conservation of coastal communities.

Regarding additional LULC classification
(Table 4), data analyses revealed that BNK
displayed the highest amount of barren land at 37%
in 2003, decreasing to 25% in 2013. In this study,
barren land comprised areas destined to be used
for construction and/or agriculture. Urban areas
increased from 5% to 11% of the total in 2013 in
BNK. This slight increase of urban areas in BNK
over the last 10 years suggests the small fishing
community did not encroach substantially on these
areas.

LULC characteristics of KL were similar to BNK.
Barren land in KL in 2003 represented the greatest
cover at 31%, decreasing to 18% in 2013. During
the same period, urban area increased from 10% to
19%, likely representing conversion of barren land
into urban properties. Increased urban area may
be due to increasing pressure from tourism-related
development. Nevertheless, classification of LULC
in KL showed that coconut plantations covered 17%
of the total area in 2003, decreasing to 10% and
11% in 2005 and 2013, respectively, likely reflecting
damage from the 2004 tsunami couple with the slow
recovery of coconut plantation. Low recovery can
be consequence of human activity (e.g., burning,
cutting, and building) this area31.

The site at TM is partially protected by its na-
tional park status. Associated ecosystems include
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Fig. 2 LULC mapping derived from classification of IKONOS and THEOS imagery showing beach forest distribution at
three sites in 2003 (left), 2005 (middle), and 2013 (right): BNK (top); KL (middle); and TM (bottom).

natural rain forests, mangroves, Melaleuca forests,
and swamp forests. The greatest percent of vegeta-
tion cover is represented by rain forests while man-
groves and beach forests account for 19%, and 18%,
respectively. However, in 2003 coconut plantations
covered 3% of the total area, which has been the
case since establishment of the national park34.

Change detection of beach forest from 2003 to
2013

Results from change detection analysis showed that
beach forest coverage changed in two periods from

2003 to 2005 and 2005 to 2013 (Table 5). The
greatest change was observed after the tsunami,
from 2003 to 2005 at all three sites. The largest
change in beach forest cover was observed in 2005
in BNK (−45%), followed by KL (−40%), and TM
(−23%). At both KL and BNK, the unaffected
(i.e., no change) areas were 0.1 km2 while TM
had 1.3 km2 of undamaged coverage. The more
severe damage at KL and BNK is likely related to
the dominance of Casuarina forests at these sites,
as revealed by vegetation surveys (see above) and
described in the next paragraph.
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Table 4 LULC use changes from 2003–2013 at Phang Nga province.

LULC Cover area (km2)

2003 2005 2013

BNK KL TM BNK KL TM BNK KL TM

Agricultural land 1.76 (13) 1.79 (11) 0 (0) 1.44 (10) 1.52 (10) 0 (0) 2.17 (16) 1.21 (8) 0 (0)
Aquaculture 0.22 (2) 0.14 (1) 0 (0) 0.18 (1) 0.0 (0) 0 (0) 0.31 (2) 0.16 (1) 0 (0)
Barren land 5.14 (37) 4.87 (31) 5.39 (30) 8.05 (58) 6.68 (42) 7.07 (40) 3.5 (25) 2.75 (18) 2.49 (14)
Beach forest 0.49 (4) 0.41 (3) 3.16 (18) 0.11 (1) 0.24 (2) 1.56 (9) 0.45 (3) 0.27 (2) 5.02 (28)
Coconut 0.45 (3) 2.77 (17) 0.59 (3) 0.05 (0) 1.64 (10) 0.36 (2) 0.45 (3) 1.76 (11) 0.54 (3)
Mangrove 0.96 (7) 0.51 (3) 3.32 (19) 0.89 (6) 0.36 (2) 3.27 (18) 1.3 (9) 0.20 (1) 3.04 (17)
Melaleuca forest 0 (0) 0 (0) 0.34 (2) 0 (0) 0 (0) 0.19 (1) 0 (0) 0 (0) 0.33 (2)
Other vegetation 3.67 (26) 3.39 (21) 0.56 (3) 1.47 (11) 2.41 (15) 0.19 (1) 3.56 (26) 5.43 (35) 1.84 (10)
Rain forest 0 (0) 0.26 (2) 3.34 (19) 0.0 (0) 0.29 (2) 3.34 (19) 0.0 (0) 0.31 (2) 3.38 (19)
Urban 0.65 (5) 1.51 (10) 0.37 (2) 0.51 (4) 0.76 (5) 0.33 (2) 1.49 (11) 2.96 (19) 0.22 (1)
Swamp forest 0.0 (0) 0.0 (0) 0.4 (2) 0.0 (0) 0.0 (0) 0.39 (2) 0 (0) 0 (0) 0.34 (2)
Water 0.58 (4) 0.24 (2) 0.03 (0) 1.21 (9) 1.82 (12) 1.02 (6) 0.51 (4) 0.66 (4) 0.53 (3)
Cloud 0 (0) 0 (0) 0.26 (1) 0 (0) 0 (0) 0 (0) 0.17 (1) 0 (0) 0 (0)

Total area 13.92 15.89 17.76 13.91 15.72 17.72 13.91 15.71 17.73

The number in brackets is the percentage of total area at the study site.

Table 5 Changes in beach forest cover from 2003 to 2013
at Phang Nga province, Thailand.

Changes Cover area (km2)

BNK KL TM

No change 0.1 (7) 0.1 (21) 1.3 (15)
Change to others 0.4 (45) 0.3 (40) 1.9 (23)
Recovery areas 0.5 (58) 0.3 (39) 5.1 (62)

The number in brackets is the percentage of total area
at the study site.

Coastal forests, including beach (and Casuar-
ina) forests and mangrove forests in Thailand, play
a vital role in affording protection against natural
events such as storms and tsunamis36. From previ-
ous observations by Römer25, using remote sensing
techniques to assess impacts on coastal forests in
Phang Nga province, Casuarina forests were re-
ported as being severely damaged by tsunami im-
pacts (38% damaged), which is similar to damage
reported here for BNK (45%) and KL (40%). Ac-
cording to IUCN37, Casuarina trees taller than 20 ft
were broken yet survived in southwest Thailand
following the tsunami. Also, Tanaka33 noted that
small diameter (d < 0.07 m) C. equisetifolia were
broken by a 5-m high tsunami at Sri Lanka and
western cost of Thailand. On the other hand, the
slightly older plantations of C. equisetifolia (d >
0.1 m) proved more resilient. Regarding the heavy
damage at BNK and KL beach forests observed in this

study, the Casuarina forests, which were dominant
at BNK and KL, were almost certainly composed of
young/small diameter trees, a theory supported by
interviews with local inhabitants of these areas held
as part of the vegetation survey research.

Römer25 reported that mangroves suffered
greater tsunami-related damage (55%), relative to
Casuarina, in Phang Nga. This contrasts with veg-
etation analyses conducted here. The results here
show small changes at all three sites over the entire
10 year study period, including 2003 versus 2005,
the time frame analysed by Römer25 (Table 4). This
difference in mangrove damage probably is because
mangrove forests at BNK, KL, and TM are further
inland than those studied previously25.

The rate of beach forest recovery was examined
from 2005 to 2013 (Table 5). During this period,
the recovery rate at BNK and KL was 58% and 39%,
respectively, and the highest by 62% occurred in
TM, likely reflecting that is an undisturbed area
protected by the national park.

Römer26 studied coastal vegetation recovery af-
ter the tsunami in Phang Nga Province by remote
sensing, reporting that the recovery of Casuarina
was less than grassland and coconut plantations,
but more than mangrove. The Casuarina recovery
rates are similar to data reported here (Table 5),
but are discussed in more detail in the next section
dealing with anthropogenic (i.e., coconut planta-
tions) and natural (grasslands) factors influencing
causes and rates of LULC changes. In terms of
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Table 6 Beach forest change (2003 to 2013) to other
LULC categories at Phang Nga province.

LULC Cover area (km2)

BNK KL TM

Other 0.14 (29) 0.04 (10) 0.21 (7)
Water 0.01 (1) 0.00 (0) 0.02 (1)
Urban 0.03 (7) 0.10 (24) 0.00 (0)
Barren land 0.13 (27) 0.12 (29) 0.16 (5)
Agricultural land 0.03 (6) 0.01 (3) 0.00 (0)
No change 0.15 (30) 0.14 (34) 2.74 (87)

The number in brackets is the percentage of total area
at the study site.

recovery from natural events, such as tsunamis,
C. equisetifolia is a pioneer species, permitting early
colonization. Furthermore, C. equisetifolia does well
in competition with other vegetation, frequently
existing as pure stands and sparse understory vege-
tation26. If sufficiently extensive, coastal vegetation
can absorb enough of the tsunami energy, it would
reduce the flow velocity and depth of the wave, but
its effectiveness depends on the magnitude of the
tsunami, as well as stand size, density, species com-
position, structure, and homogeneity1, 36. Tanaka33

suggested that the leading edge of the forest close
to the sea should have dense vegetation such as a
Pandanus-Casuarina belt.

Beach forest LULC changes—causes and rates

Change detection results based on beach forest clas-
sification categories from 2003 to 2013 are shown
in Table 6. For the change detection analysis, six
categories were defined: no change (relates only to
beach forests), water, urban, barren land, agricul-
tural land, and other (defined here, more broadly
than above, as mangrove, Melaleuca forests, rain
forests, swamp forests, and other vegetation).

Beach forest area remained unchanged at TM
(87%) followed by BNK (30%) and KL (34%). These
findings suggest that considerable change did occur
in the beach forest areas, over the 10 year period,
especially at BNK (70%) and KL (66%). The causes
and rates of these changes are described below.

Beach forests were transformed over the long-
term (10 years) into various other categories
(Table 6). In BNK, the greatest LULC change was
to other (29%) and barren land (27%). However,
both classes of change may lead to a wide range of
utilization in the future (e.g., barren land may be
converted to construction and/or agriculture, while
the ‘other vegetation’, a component of other, is sub-

ject to urban development). Human activities led to
changes in urban area (7%) and agricultural land
(6%), the latter dominated by coconut plantations
and orchard plantations.

A major change in beach forest cover in KL
was the conversion to barren land (29%), urban
area (24%) and agricultural land (3%), which is
dominated by coconut plantations. Conversion to
urban area was larger at KL than in the other study
sites. At KL, a popular coastal tourism spot on the
Andaman Sea, the 2004 tsunami destroyed approxi-
mately 90% of the hotels and buildings in the coastal
areas38.

In TM, beach forest changed by only 13%,
being converted to barren land (5%) and other
class (7%); the other classes were grass land areas
and other vegetation. However, the greatest area
of unchanged beach forest was observed in TM
(2.47 km2), followed by BNK (0.15 km2), and KL
(0.14 km2).

CONCLUSIONS

Beach forests are important components of marine
ecosystems in tropical coastal regions, yet they have
been studied only sparsely in Thailand. In three
sites, with different LULC characteristics, in Phang
Nga Province, the beach forest species and distribu-
tion was, more or less, similar to sites found else-
where. Species diversity of beach forests however
was low at the two sites with higher anthropogenic
activity, while the most preserved site, within a
national park, had high species diversity.

This study presents a quantitative assessment
of beach forest species, and applied remote sensing
for assessing beach forest distribution and change in
tsunami-affected areas from 2003 to 2013. Vegeta-
tion surveys indicated lower beach forest tree/shrub
species richness at BNK and KL (6 spp.), and much
higher tree/shrub richness at TM (24 spp.). The
study integrated remote sensing and change detec-
tion techniques to effectively reveal the spatial and
temporal dynamics of beach forests following the
tsunami.

The greatest destruction by the tsunami oc-
curred in BNK, followed by KL and least in TM
because the beach forest areas at BNK and KL were
disrupted by human intervention on the coastal
zone. Recovery varied from BNK (58%), KL(39%)
with low rates in KL probably due to beach forest
areas disturbed by anthropogenic factors (e.g., hotel
construction, coconut plantations and agricultural
activities) while high rates in TM (62%) ascribed
to undisrupted areas. Findings will contribute to
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providing support to decision makers in identifying
possible areas for beach forest restoration and high-
lights the need for a better understanding of plant
community diversity.

The LULC mapping demonstrated that coastal
areas had changed; the data can be applied for land
use planning in the coastal zone. Future research
should focus on using imagery of equivalent and
higher spatial resolution for mapping beach forest
species. Additionally, more detailed spatial informa-
tion, such as environmental conditions for specific
plant species, would be informative.
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