The results are separated into two sessions, the image
analysis explains the remote sensing studies on coral reef
ecosystem. Another session is data integration which reveals the
combination of remotely : and the checking of remotely

sensed data with the groun .
J

4.1 Image Analysis

The image and its surrounding
islands were separak ral band corresponded
with the reef sibs 7 ‘ >Ine and reef and water
movement classificatior e ﬁ' anc \3 1ing data was used for
identifying and che ) Y -\ ng plastic sheet as the
ground control point by the high infrared
reflectance value i was different from other
pixels. The transe e la dimensions recording
the substrate size d jyeat 3 ¢, However, this method also
depended on the sky con ith free of cloud. Two plastic
sheets were laid in diffe he point on 25 March 1989
could be dete 1989 had the cloud

AT )

disturbing the &
th the naf Substrat
By t

'ﬂ;ﬂgum lines in the
remotely s s had te overlap

with the ground survey 1ina‘ The reaq&;s are the ie;lnctancﬂ from

oo 5 N w37 p i N o B oo

explain the imageries. Bagsed on these results, they can give an
idea to use different reflectance bands for classifying the reef

zone.

4.1.1

In the exposed area or terrestrial condition, such as shore
line, the infrared spectral can give a good indication of the
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location of different substrate zones. A sandy beach and rocky
shore reflect the different values which can easy be separated from
each other. A comparison with a ground survey of the shore revealed
that the high values of infrared band corresponded with fine sandy
area while the coarse sand had the lower wvalue. Although an
infrared spectral can get through the water for only 20-30
centimeters in depth, the shallow reef flat can give the different
reflectance values depending on the main substrate in that area.
The results suggest that an infrared band can be selected to
separate the high vegetation biomass in a wide area from other reef

flat zonesa. ge zone the infrared values are
low and closely similar A ng sandy area, so the image
representation only in ' i highlight the seagrass in
}‘
patches.
Although the fioe yalue band 1 highly correlate
to the depth, the s gt fses \flat has a small depth range. The

result from band

sand may be distufbed thHereceiyed data. results suggest that

band 1 is not ablle o clad | tha depth and substrate zones.

However, in the a _ i mand patch at Tae Nai Island, the

reef profile is flat ] ! alues from band 1 show the

higher walues in a sl oW—F= P nd lower in the reef flat
B ik Fy L

area. Band 1 can be uséd for sep ing the reef profile only in

the steeply area such as ;ggﬂ ‘Ela .reef slope.

ideal study site ﬂ’ : [rom mTRAN demcnstrates
that it is pos : sgagrass bed from other
substrates (Figure }E& The refleﬁanca values from band 1 show the
ey ““a:uﬂﬂmmmmt i iaen,
value from other substrates.
These result suggest that aagranﬂ rnflm:ta the light similar to

g the result
nuggawalﬁ m mwm‘m “‘f lectance
values may come from a sandy substrate. While the ocuter reef flat
consist of the dead coral reflecting light more than the seagrass.
Comparing with these two bands, the values in band 2 show the
similar value in the seagrass area while the values in band 3 are

different. The result suggested that band 3 is an ideal band for
classifying the seagrass beds in its component.
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Figure 18. The mTRAN |
in Landsat TM Eané ,3 ’5 #
o
From the refle qggv&lu@m Lnftared band, the seagrass
pixels have higher s thda '_\ B areas 'except the area with the
in—¥he %rﬂ* flat. The reflectance

white sandy substrat L

e

values show in three peaJEE.-a;:e n the ground data. The first
peak is the seagrass while ¥he utw are the algae on the dead
coral. . : I

= B

7 - s.J

The macro b#ewn algae, Sargas . ae Nai Island has the
same feature as & seagrass at ﬁl;«'lavi Wog Eu. The ground survey
using photngraph caErEt separate th P algae area from seagrass bed.
The reflectaficd yal fidt Tﬁan observed, the
result prcvﬁ tL’atr réTm'j E#Z ‘{Gilrl fifom the macroalgae

by the lower Ji‘e:fZLE::::t'.a.nL-::E: values in hand 1 2 and 3.,

ii%: il Jﬂﬂ-iﬂﬁ- 1!l1gl IE.Lmi glr};ﬁ up at the

submarg"’ind reaf edge. The ranulta suggest that the reflectance
values in band 3 vary in the zone of the dead coral area, so this
band can be wused to identify the dead coral density. The
reflectance value from band 4 alsoc suggests that the submerged reef
edge reflect light more strongly than the submerged sandy area.
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Figure 19. Spec i o 3- cprxanpandei with The Massive and
Branching Corals ag . Tat;_,:[slﬂnd

- [<7% &
J.s“seﬂﬂ.u:rnﬂ recommend that studying of
spectral band corredpo aﬂ”with‘a"h.lih reef substrate using mTRAN
.iﬁ!fal % to aélact the band in post-
|

program can give u

studying. ,}Eiia fﬁ’}&ﬂ

4.1.2 Image Enhﬂncemeng'}'ff-' v Sd Ll S

The raaulta«.i!n this session are the c&fﬁur composite imagery
of the xslands. m true r.'nlﬂ'l.trf image {bami 1l, 2 and 3) is
identified a’s nﬁ }& fo! f‘!ﬂﬂﬁ;o? tTr water. However,
the prnblemi ich- Jr Be 'nata y 'de afatad from water,
cloud shadw n:;i the reef flat area that all d.i.splo,p in the same
Eﬂlﬂul‘;ﬁ}a ag thp gq» b;fpnf‘;jﬂﬂb ia-ahgpmona to the
reef. liTmle iﬂ] v (i fficul L*‘aapa’f&téd from reef
slope hénauaa of similar colour. Kuchler et al. (1986) advised that
blue-hole is the deeper area which is different than the others. To
solve that problem, the false colour image is selected from the
results of spectral band corresponding with the reef substrate

(Figure 20). The false colour image is displayed in band i, 2, 4
which clarify land and reef area.
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Figure 20. The FEafl
Band 1, 2 and 4.

The false colodr @ laying band 1, 4 and 3 as blue

green and red colou ! in purple which is the
different shade in reff [Flat. - Land &an be observed by the bright
green colour while the clﬁiﬁha & in black. The blue-hole can
be easy to detsq.t w.i.th"j‘l:‘li"ﬁ"ﬁaxk_ e hile reef slope has
light blue. i hie GE—Coposite is that the

shallow water ate th . 3 mass have the same
purple color as t;5 reef. Howe - tﬁ:m of those areas are
different from th& reef. Based on thn reef knowledge, the area can
be separated from %tha others. ough these colour composite

e ol Hﬁ:ﬂ“ﬁﬁzﬂ%ﬂ’*ﬁgmﬁi
ARARIASU UNIINYA Y

The band ratio is used to modify the reef image. The results
from band 1, 2 and 2/5 display Nai Wog reef which can be clearly
separated in three parts, inner reef flat, seagrass bed and ocuter
reef flat (Figure 21). The divided band gives high reflectance
values in shallow and exposed seagrass bed on the reef flat. While
band 1 gives the high wvalues in the reef flat area which quickly
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drop in the seagrass bed. The land and sea can be separated in band
2 which display the land area in green colour.

RATIO 1 2 28 IR L, AaTio 48 4 4

Although the
area, the seagrass be€ r
The ratio image result. uad:ng
locate the seagzass hn&“‘{'ﬁi;hru)
in red brown
is cut out in g
pixels. This jge uses t
highlight the seagranﬂ bed area while ban

other ueaﬁrigh ﬂuan the seadtéss bed.

A t=0h ﬂﬂi"ﬂ N3
| (O PR A0 T, s

identifying the reef substrate, but it may not be able to give the

mage suits the whole reef
0 be detected in this ratio.
4/3, 1 and 4 is displayed to
' e, result shows the land area
: ~4/3 and 4. The water
,_\i displayed in black
‘a value of band 1 to
'4/3 helps to make the

classification. In this case the principle component analysis (PCA)
is used for giving the easier data for the reef component
classification. The study site at Nai Wog Bay which has the big
seagrass bed is used as the example. The reef classification which
was done emphasized on the seagrass bed in the reef flat area,
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however, the thematic reef image could not give the clear seagrass
zone. The band ratio was used but the result still had the mixing
class of seagrass and dead coral with algae. The new technique was
developed by using the principle component analysis to show the reef
area, then the values are cbserved in the histogram (Figure 22).

r

# ¥ |
# ,.,,’;' T-'J'I:"_.
Figure 22. The PCA Magg Besult inBand 1, 2 and 3

The PCA i@aga dinﬁiaﬁé i p%%éiﬁt canopy band 1, 2 and 3, and
it has the cleg;isgagrass area with other gaﬁpyatad component zones
(Figure 22). Th;h result is better than atheiiﬁnclaasified results.
However, this imﬁga cannot separate the ﬁ@craalgae in the outer
reaef flat. The™PCA in band 1 gives the “low values in seagrass
pixels but high valfies in macroalgae zone, so this band is displayed
in reverse (walne (0," -1 /0) the result now shows the green pixels in
the seagrasg dreaT 'The 'sedgrass” area€an' be' s€lected easily and

classification is focused of the diffexent seagrass) density.
4.172.48V Multi 'coembined Image

Although the image enhancement technique which was described
earlier is good for highlighting the reef with seagrass bed, in the
other zones, such as land area, the image may not be displayed
clearly. The multi combined imagery results which would produce
products to show better of the whole reef and its surrounding areas
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better. The land area, reef area and water movement had already
been divided from the others. Enhancing the land image with band 4
and 5 gave the clear vegetation and urban development area. The
water mass was enhanced by band 3 and produces smoothly image by
mSMO00. The reef area was enhanced by histogram enhancement or band
ratio or principle component analysis. The final product of image
enhancement was the whole image which each area enhanced by the most
suitable band value and combined for the end product together. The
result is fit for any useful data for studying the reef ecosystem.

4.1.3 Reef and Water Mass ClasB;.chathn

4.1.3.1 SPOT Data. mwﬂi///

Although the lm;magi enhmt gi.ven the ideal results
to study the reef arE® Covired With wateeywehe SPOT XS imagery data
with its high resol 0/ meters) can @igplay the detail in some
small reefs. Basec @ spectral bands, the image displays in
falge colour map+ ind 3;,, The SPOT imagery data at Tao and
Phaluai Islands wasl FLgui‘e 23); the result demonstrated that
the high resolution jfafs fgivés pogeidatail in the shore and reef

f %ba. received from the reef slope

Figure 23. The SPOT XS Imagery Data Analysis of Tac Island (Above)
and Phaluai Island (Below).
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4.1.3.2 Landsat Data Analysis

Samui and its surrounding islands imagery acquired on 28
October 1988 is the ideal for coral reef classification because the
satellite image was at low tide (0.5 meters above chart datum).
However, this image did not cover Ban Don Delta so the water
movement pattern may be discontinuous. The second image acquired on
17 march 1989 covers Ban Don Delta (Figure 24), however, this image
was taken in the high tide (1.7 meters above chart datum) so the
remotely sensed data of coral reef had a large effect from the water
depth. Although those twa\im : e pome problems, from 1985 -
1990 only these images caoul 4 ba as the best for studying

in term of being free,of“elouds le for the sediment zone
, — ) —

effacting the reef /

E iLe in this session are
separated in two pasffe Ehes re Ehemat Rimage and the sediment
density slicing. - g Ecquived on 28 Octeber 1988 was selected
and processed for hematic hile the Landsat TM image
acquired on 17 ._ : | 'for sediment density
slicing. After all, : '_ Bl “ ‘\ ed for explaining the
reef and the sedimeny effgct y £

i Reef
For the reef tl d its surrounding island,
the processing mesi. mall classe&. These were grouped
to 14 classes fic i “ han 70 percent of
dissimilar to ead , -evéaled that some groups
could be gathere® because the substrate nents were not so
interesting to sepafate them, andthe less number of group would be
easier to ﬁuﬂuﬂﬂm :édmviﬂﬂ the thematic maps
of reefs bt ¢ rrounding 'islénds which had 11
classes. Some classes had the percent E diusimilaré}y less than 70
perc . : =1 : 8 of cloud
cnvaﬂnm ﬁﬁﬁjmmmmmmn data
and caused error in classification process especially in the middle

part of Bang Kao Bay, the reef at Thong Krut Bay and the reef in
front of Na Thon Beach.

Along Samui reefs, sand and coral rubble are the dominant
components in the reef flat area. Using ground truthing, the



Figure 24.

Figure 25.

Coarse Sand

Area at Plai Laem Cape.
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dominant substrates are identified as coarse sand (light blue) and
coral rubble (pink). The coarse sand is the sand composed of some
scattered shells, in some areas turf and other small algae can be
found on this substrate but in low density (Figure 25). This class
is produced by combining three small classes at 72 percent of
dissimilar to other classes, and Chi-square is 4.1 which is the
highest in this processing. Although this class wvaries in its
reflectance values, the components are different only in the algae
and the sand component danaj.ty.

The coral rubble fied as the sandy zone which
has many small r.:r.u.'al ' ].p cov tb some sediment and turf
e d:arﬂb—iiiﬁ group, the percent of

i i coral rubble is B1
ass. i .71 so this group has the
u&f . nent demonstrates that
" : nto four types. The

he dominant reef flat component.
‘xeef of Na Thon Beach and

algae. Comparing =
dissimilarity bet
percent. The Chi-
unique component.
reef flat in S
first type has the
These reefs can |
Phang Ka Bay (Figu

1
i

Figure 26. The Reef Thematic Image of Phang Ka Bay Clearly Display
The Coral Rubble (Pink) as The Dominant Component in The Reef Flat.



The second reef type has the coarse sand as the dominant reef
flat component, the reef slope is very narrow and rapidly drops to
the sea floor. This reef pattern can be found in the southern part
of Na Thon Beach, on the east site of Tan Island and the northern
reef of Rapp Island (Figure 27).

together on the & . : s separated from each
other. Usually J f1at has the coum sand spitted into two
areas, close to the each and na the outer reef flat, with the
coral rubb f type is located
on Yai Cagjtﬁ::ﬂ- Emmwgl:ltﬂ Kao Bay, the

northern p of Mat Sum Islgnd and the sauthax:n pu:sJo:E Rapp Island

TIRIANN I AN

Bn the other hand, the reef which has the coral rubble in the
outer reef flat area can be found in some parts of Samui reefs. The
reafs at Thong Krut and Tok Bay, Tan Island clearly show this
pattern (Figure 29). 1In the southern part of Samui, the reefs have
indefinite pattern with coarse sand and coral rubber stay in few
emall groups on the reef flat. This indefinite pattern is the



¥
R e
-
el

WY,
.

Figure 28. The Reej e e ge of f‘q@\x.am Cape Displays The
Coral Rubble as Bifik #n THe Mtddle Part 6f The Reef.

Figure 29. The Reef Thematic Image of Bang Kao and Thong Krut Cape
Shows The Predominant Component on The Reef Flat.



predominant reef flat component, so the reef flat zone can not be
clearly located. The reefs from Mat Lang Island to Sor Cape belong
to this pattern.

The last type is the reef without reef flat, from the
shoreline reefs have the narrow indefinite pattern before the reef
edge and reef slope area. This reef type will be explained in the
coral area classification.

There are other seven components which can be found in the

The fine sandg the coarse sand. Only
in some protected ace s gubs \ be observed. This class
is unique, isclated o b : the q‘ of dissimilarity is
87 percent which £, . Chi e is 1.02 which is low
compared with other agsgnl e fr~._ P t 2 af dead coral. The Chi-
square may be higher #&h .“f;‘; ]JJ ___--~ se of the error from
cloud shadow which @angfiof berculiout ifrem this class. These blue
pixels were observ ' Vi he reefs at Thong Krut
and Bang Kaoc Bay. £e is located at Phang Ka
Bay, Mat lang Island & ; the beach and inner reef
flat of the large size - ound truthing suggests that
this area is the white fim : other components. Usually
they are fnmﬁd;‘}_g

| pther areas nearby.
- > )

The bare sand is ver arse sand with 77 percent
of diaaimilarity.grhin area has sand as the dominant substrate, the
bare sand does noty Evn any m:g sms or sediment cover on its
surface. the shore or in
the 1amnﬂnﬁm mlﬁ mjn?m-g middle reef

lagoon and 1. suggested thna; this sa.nd were claanﬂd by the tidal

cocy e SNTaw TR ENT AR 14 192§

n sandy area.

The pack of dead corals can be found only on the middle part
of reef flat at Yai Cape. In this area, dead corals are packed in
pile, it is the dead coral patches. The results show that the
reflectance values in this area have 80 percent of dissimilarity to
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other classes, and the Chi-square in this group is 0.88 which is the
lowest in all classes. The result suggests that the substrate in
this group is very similar to each other and they are isolated from
other classes.

The dead coral areas are located on the reef flat area,
usually found in the middle part of coral rubble zone. In some
reafs such as Phang Ka Bay, the dead coral area is on the outer reef
flat. Ground data suggested that this area was composed of massive
dead coral and coral z
together. These dead
reef organisms are nof
are closed to the
The Chi-sgquare in
class can be separs

ed with thick sediment, and

The reflectance values
rcent of dissimilarity.
is not so high. This
lasses along the process.

The reflec nce yeg of seagrass a macroalgae live on the
dead corals can beffhs { separate ' ach other. The first
processing resu. ; \
dissimilarity betwg
the seagrass and 0
ground truthing dat,
that they can be clas

only 61 percent of
jae which hardly separate
d process was run with more
roup, the result reveals
3 f dissimilarity. However,

grass patches, the process is

classed as the macro AE;EEZ .;;ﬁ' Based on this result, the
seagrass bed qiﬂfnﬂﬁﬁ' in th f1at close to Mat Lang
Island. J live on the coarse
sandy substrate. 15 that there are other

seagrass patches . ther areas ¢ annot be grouped in this
class. The process yas re-run agtyx but this time the seagrass and

macro algmglj:ﬂ F 3::_:; the theme from
the first

grass and macro
algae were 1actad and prusass&d-

&Jﬂ:’lﬁ\lﬂ SAUNAIINEIRY were i

at 76 rcant of dissimilarity. However, the area which has low
density of seagrass and macro algae is hardly be separated from the
area which has the low density of pure seagrass. The processing
result combined these areas together and grouped them in the
seagrass group. The result suggests that the TM remotely sensed
data has not enough resolution to identify the seagrass by its
density especially in the mixing area as Mat Lang Island.
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To search further in this hypothesis, the seagrass bed at Nai
Wog (Figure 30) Bay which is the biggest bed in Samui Islands was
selected. Comparing with the seagrass at Mat Lang, Nai Wog bed is
bigger and formed in a wide band parallel to the shore. The patch
of seagrass does not distribute in this area, the imagery data is
disturbed by the patch of macroalgae live on the dead coral head in
the outer reef flat area. The principle component analysis is used
for digitizing other areas out of the image (the process describe in
session 4.1.2.3) then the classification is precessed. The results
demonstrate that the high da of seagrass area can be separated
from the low dense ) , ass bed distributes in the
middle reef flat area be \\ r reef flat and the dead
and living coral in ThHewsg Results on seagrass
classes demonstrat - s2_on a reef flat can be
classified by remot EdFad) Qata (Figure 31). However, the
process may caref ; 98 rom other components.
one thing should écgnmended | result is the seasonal
changing of the seagfas#. o L1 d hing and the satellite

These coral
at 75 percent of d
coral classes are re
living coral class

om others reef component
the ground data, sewven
classes. The dead and
separated at 68 percent

dissimilarity. “wrock class (dark yellow) is
separated frﬂn{,‘);%m: ‘class el}ow) at 51 percent
dissimilarity. iy chie COUR aind \_,'_, ving coral are more
closely similar lead coral may come from

the coralline algaé whié similar to the coral and usually grow
on the rock more th.gn dead coral. Hmvnr, this hypothesis should

( m“ﬂ“ﬁ"ﬁﬂ]‘l’lﬂﬂ‘iﬂﬂ']ﬂ‘i

The déldd and living cnral area are located in front of the

outer g revealed
e R RS T s
coral #re usually Porites lutea. This area has the small lagoon
with the sandy substrate between those corals and there are some
marine organisms in this area. Sponge and algae are the common
organisms. The benthic life form method done in this area for two
lines demonstrates that the percent coverage of living coral in this
area is less than 30 percent. The ground survey recorded the height

of dead and living coral for 25 heads, the height average was 31.42
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Figure 30. The Oveghlyf RESE" Photographad @t Nai Wog Bay.
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Figure 31. The Reef Thematic Image of Nai Wog Bay Shows Four
Seagrass Zones and Four Other Components Zones.



centimeters. The processing image was recorded at the depth at 0.43
meters (calculate with the chart-datum already) so thies area was
submerged when the satellite was passed. The shallow water may
affect the reflectance wvalues of infrared band but the walues in
band 1, 2 and 3 is low disturbance, so the classification process
which emphasizes on these three bands is correct.

reveals that this area locate { the east end of Bang Po Reef. In
dominant coral in thi sting coral can be found

The coral and rock zone is the area which is close to the
cliff shore. It usually does not form the reef flat. The result
this area the massive co ted along a big rock. The
life form found by benthi es that massive coral is the

and ' q:se coral and rock were
submerged when th&"Satailite paseed.. T verage depth was 1.67
The yellow ; J co a ‘2one wds observed in the reef

edge and reef slopg y agery,result wosk reefs in Samui Islands
have the yellow ecting M & water. A ground data
reveals that this ' com oe@d of high density of living corals

and the branching & the predominant corals
along Samui Reefs. | t coral ¢types make the
classification process able eparate the unigue coral type
area. -~

i

I ' Dl
The raﬂult; from thematic reef map so consisted of area
measurements which“g calculated)l the overall reef area and the

living cor ﬁﬁ?ﬂﬁm ﬁﬁﬂ!ﬁ agrass area was
measured b d"not be calculated
because the area of this bed was diasihutad in ayband and patch

BN aT e iy T
anﬂugh to val thi B the living
coral area is the area which has the living coral more than 30
percent coverage. The overall reef area is calculated from the
beach to the reef slope. In Pha-ngan and Angthong Islands the only
overall reef areas were calculated because the thematic reef map in

this area was done for the reef area, it did not run for the living
coral coverage. The data are presented in Table 3 to Table 7.




Le:232,200

145.13 928.69

Chon Krum Le: 256,500 672,300 B-2
160.31 420.19

Hin Khom Loc: 244,800 836,100 B-2
153.00 522.56

Le: 432,500

Tong Tanod
270.56

1, 322 340

Ha Tian Lci317,700
198.56

Hau Thanon Lo1367,200

Han

é\\\\QQ
: -II fras AN |
AN

Lc:204,300
127.69

Remark: Le: Living Coral Area
5g1: B-ng Area

£ mqumnﬂmw 4203.....
AMIANTAUUNIINYIAY



ILocation Overall Reef Area Reaf Region
(Square Metar)
{Rai)
Ta Pan Hol 35,600 c-1
24.75
Chalok Lam 186,300 B-1
116.44
Mas Hat 40,500 B-1 ;
25.31 [
|
Hat Lat 120,600 B=2 |
75.38
Hat Yao 189,900 il . B-2
118.69 ")
Hai Wok 1,475,100 ;;“—-FQ\‘ j
921.94 e all
e - ,
Talat Mai 1,555 200
972.00 E
66.94 -
Taa Hok 36,000 ¥
i 22, /;]//__ “ﬁ\\
Wllﬁ i\\ \

Table 4. The Area Meastiremen o.'!m:

M@'

ATl

. The Reef Reglon.

\\\
L\

Tai Plan

Hin Dup

170,100
106.31

e

Wau Ta Lup ?

Table 5. The Area Measurement of Angthong Islands and The Reef Region.



110,700
69.19

134,000 A-1
81,75

Sal Lee (NH) 50,400
3l.5

85,900 A-2
53.69

Sal Lee (S) | 108,900
68.1

128,700 A-1
B0.44

Hang Yuan

318,600
199.13

48,600
30.38

| BEast Tan 1324800
82.69
South Tan 65,74
41.0
West Tan 178,20
111.38°

57
4!%‘%\“

63,000 A-2
35,38

Hin Ang Wang 50,400
' 31.50
Hin Mat Keng | 37,800 ,-ﬂ;ﬁffa

e

| wang Hai

‘t' L 5 A ‘
Wang Hok 135,000 i

B4 98 - bl
Rapp 75, ﬁn 471,600 B=-3

47, 25 294.7 )
Mat Sum P] HH J i Ic—i ‘
Total 708,300

22 e8%

W

Table 7§ The Area Measurement of Tan Islands md The Reef mgj.an.
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iii Sediment Density Slicing

The TM imagery acquired on 17 March 1989 was processed to show
the water pattern in Ban Don Bay. Based on the continuity of the
water mass the classification could not be used. The sediment
density was processed by cutting the reflectance values in band 3
into 7 classes and identified from turbid to clear water area.

The colours representing the water areas were dark brown to
ates that the big load of sediment in
Ban Don Bay came from two majs gources, Tapi-Phum Daung river and
long shore drift along the coastil #.6h of Khanom and Don Suk. The
high turbidity areas.in the Abcatad on Tapi-Phum Daung
delta, the area betwBe Hioa Island and the coastal
zone of Khanom. Theé high 1ime - Tapi-FPhum Daung comes from the
sediment along ths 1 Khanom comes from the
long shore drift fzg 0 Tapi and Khanom meeting
each other. Thid argh gay has &t u bid water from the Don

ﬁ.

Suk canal, howeve E s commendation.

dark blue. The result demonsty

oseda : iturb the result, so the
process was correctgd yfo’?ﬁ i@ band to find out the exposed
areas. The result 'Shaw ¢ ©xfSe ar@as near Sui Cape. For the
shallow water area, E;"i}?ﬁ‘u waé Eofrected by checking the result
with the navigation map sed on the ground truthing the
depth penetratiaop uﬁ M : bid water was approximate 0.74
meters. This ' front of Tapi-Phum
Daung delta on 21/ M: _7 he satellite data so
they might have aﬂ.ﬂ: ' The rﬁult—. suggests that only
the sea floor clo to Tapi-Phum Daung delta™which is shallower than
0.5 meters effects &tha band 3 reflgctance values.

eve S AT I WD) Ao e e

channels. Pha-ngan channél locate sBetween Samuis and Pha-ngan

A RIRIR NN TIRHAR o
channe a Ay = ! i 8 water mass
might come from Tapi-Phum Daung River through Samui channel. There
is the small channel call Tan channel which is located between Samui
and Tan Islands (Figure 32). Although the bottom of this channel is
very deep, the imagery result showed that the water mass is wvery

turbid.
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Figure 32. The séd] ofmbdsico siicing € Ban Don Bay Display Some
i = N
Mud Dunes near Sui \

From the imagér "rés 'h . ; ter areas were located
close to the shore afid foaly‘thes around Phaluai and Wang Nai
Islands are in this ; over all reef thematic
map suggests that fraom Fp@ﬂun Delta, Phaluai Island is the first
reef location, while Hanm;i f which is the nearest island
close to the mainland (t&aﬁé{-ﬁa ¥ . The small islands
ido not have any reef.

near Don Suk sug

Samui and Nji located on the clear
water area. Ho r, the imagé displays t:&e turbid areas at Tan
Islands, the northedskern part of Samui and the northeastern part of
Pha-ngan. ﬁﬁgﬁ Wﬁeﬁﬁ map suggests that
there are sites while the

northeastern part of Pha-ngan does nat have a rgef. The high

::Z‘,ﬂ"lﬁ’l“@ S SR A TR B IR R e

The hi sediment and the northeastern part of Samui may come from
the interaction between the currents along the eastern part of Samui
and the current along Pha-ngan channel (Figure 33). This
interaction blows up the bottom sediment at Plai Laem Bay which has
the shallow sea floor (3.8 meters). The aerial survey gives a good
response with this conclusion of patch of high sediment in this
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area. The high sediment at the northeastern part of Pha-ngan may
come from the high water action from the wave in the open sea.
However, this result is only explained by the image, more ground
truthing data are required to support this hypothesis. The ground
data from sesachi disk recorded from many sites during the field trip
are shown in Figure 34.

Islands and the
the clear water.

f wester) 7 Islands are located in
here is the islands groupscalled "Wao" located in
he clearest waker, in the nﬁth&rn part of Ban Don Bay.

“““’““““ﬂ‘iﬂ“ﬁ"ﬂ ﬂﬁﬂ“’?"ﬂ“ﬂ“"fﬂ ?

4.2 Data I agrat:iun

Q RIASNINAURITNLIALL. . e

Pam:h omatic and Landsat TM. The result emphasizes on the reef
along the eastern part of Samui Island. Ancther product is the
topographic map of Tan Island using Landsat TM data as vector data
to combine with depth data as raster data presenting in Army map
scale 1:50,000 and WNavigation map scale 1:250,000.
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Figure 34. Seschi Disk Recorded from Samui Islands.
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4.2.1 Multi-Resolution Map

The work has been carried out covering the western part of
Samui Island. The achievement involves developing a method to
rectify the SPOT Panchromatic data with topographic map. The
landsat TM data was transformed to the panchromatic data. The
result demonstrated that a merged remotely sensed map can explains
reef and urban settlements along the shore.

The processing prublam gulted from the topographic map which
was made in 1976. At that) time did not have the new road
and urban development. 1 points were selected for
35 points from SPOT. fit with the topographic
map. The result has 7 9.8 miters in X axis and
7.8 meters in Y"™Exigetbich| are guif “good compared with the
prediction error & ' asitio: System (GPS) equipment
which is 15 meters quipment could be used in
merging maps in \

The Landsat At@ Jwds  tranaformed with SPOT Panchromatic
data by 15 new grgh /% & process was quite easy
orrelated to each other.
The prediction errd ] is and 5.1 meters in Y
axis. The over all map g pre “in 1:25,000 which is the formal

scale. The rectificatiz _ £ was tested using map scales
1:50,000 overlap on_: ' P} and the results showed that
they can fit .ddch otk this  reswde | suggests that the

rectification p Je “
i g
The reefs ong the eastern coasts of Samui can be separated
into 7 sites. The #jixst reef, logated at Sai Cape, between Mae Nam
= = AUHAHATMIONTS =
reef of th of coral in both
sides are narrcw displayed gby the hr and greemy pixel in small

g B 3 ATk e t’d:um‘iﬂﬂ N

ground data give a good correlation with the imagery identification.
On the reef flat area, it usually cannot be separated to inner and
outer reef flat. The bright blue pixels in the eastern reef flat
are identified as the sandy area. The coral area has the green and
blue pixels which are identified as the massive coral and dead coral
in a patch form.
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and Small Living Coral

Figure 35. The Multi-Resolution Map of Mai Kaen and sai Cape
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Oon the eastern side of this cape there is a long beach (200
meters) with the big sand dune at the cape end. BAbout 50 meters
from this sand dune there are two patch reefs in front of this cape.
The result shows a few bright green pixels at the western patch reef
which are identified as the areas covered with dead coral. The dark
green and brown pixels in a band are identified as the massive
coral. The clump of light blue pixels displayed over some part of
eastern reef suggests that the water has high sediment.

The reef morphology a n Cape is similar to Sai reef
but the reef is wider 1 west to east (Figure 35).
The brown and green Q=‘;"'€-' ad Aeeher as a band suggests that

this reef has more livifg ee: Mi reef. The reef can be

separated into two g L '
the white patch at bg aides. ~'=;--. --é:n pixels identified as

: je northern reef, while the
ern part of the reef

the massive coral ca
bright green pixg
could be identified

In the south j@ag paryef t {i"p‘z there is a sand dune
covering about 600 sgus
this peint. HNear th

living coral stops at
lasgification on the map
shows the light brown ground truthing revealed
that the substrate ve =5 @ad massive coral which was
displayed in light g;aggng_”'5‘ % .green pixels located near by

ring mass Tiving coral area is
smaller than t ¥ - e e—— wC forthern part of the

reef.

The biggest r f in the northeastern part of Samui is the Plai

Laem Reef ( Island covering
wide area is reef clearly

shows its zdHation cnmposad of inner reef flat the outer reef flat

= RS nszﬁmﬁmmxﬁf‘“

few pifkels shown in blue spot are the small lagoon. The outer reef
flat near Fan Island shown in light green is identified as the small
dead coral area. The reef edge has dark brown pixels, a comparison
with ground survey reveals that this area is composed of some
massive corals packed in a band. The narrow band of dark green
pixels suggests that the reef slope of this reef is narrow and the
shore rapidly drops to the fore reef area.



Figure 36. The Multi-Resolution Map of Plai Laem Cape.



There is a small reef located on Som and Lum Mu Noi Islands
(Figure 36). In the northwestern part of Lum Mu Noi a few brown
pixels are displayed. This area may have some massive corals
digstributed in the form of coral head close to a rocky shore.
Between both islands there is a dune which is displayed in light
purple and light brown pixels. This dune may have dead coral as a
dominant component but the bright pink pixels close to the beach are
some error from the process. In the southern part the image
presents unclear reef. Ground truthing data show that there is a
reef in this area but in a p&dd gondition. The high turbid water
inhabited the remotely & ' ' However the reef in the high
turbid water has low living coral which is not
so interesting.

located in the
water is rather

land (Figure 36). The
this area shows that

the water flows fr amui through this area.
In the western _ the are some light purple
pixelsedhiblich are gmall dead’ area and the ground truth

data corresponded wi

The most imporgant e eaBtern coast is Mat Lang reef
(Figure 37). It is he"  touw :fét place. In the area of this
reaf flat there is n.}ﬁh ‘@edgrass bed. This study would

o mbifiation and its healthy

t¢ for ground truthing

photc dmagery classification

resulted has a D o jidence with t@ ground data and could
identify the reefs ',Ln many zones.

oriofL W DD T VR Fo < san et

to identifyllthe small ccmr‘panant area of this reef, the result

demonsgt a t f complicated.
e A A T W IR A
areasfl The northern reef edge dinpla}vmﬂ‘ in red brown band is
submerged during high tide. The middle and southern reef edge
displayed in white band are exposed all the time. In comparison
with ground survey the reef edge can be separated through their
characteristics intoc 2 types. The northern reef edge is composed
with big dead coral heads and rocks covered with turf algae while
the middle and southern reef edges are composed of unigue patch of




Figure 37.
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Seagrass
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Algae
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The Multi-Resolution Map of Mat Lang Island.




mangrove, Lumnitzera racemosa and these areas will develop into a
cay soon (more detail in discussion session).

From the observation the water moves from outside into the
reef flat through the channel between the middle and southern reef
edges, which has sandy bottom. The water passes at the edge of sand
patch and moves out through the small channel at the west end of the
northern reef. The sides of the channel are sandy substrate which
represented in white pixels, while the sides of the channel across

the reef edge has some dea ﬁ)a which are displayed in dark

pixels.

s the living coral area
dentify its zone. The
e parts according to the
morpholegy. The bmerged low coral coverage
area with a grou : . be observed in a few
brown pixels, whi he/ diddle reef ?\\Eha reef edge (show in
bright colour) héforg the nat reef | slop The reef edge which
displays in light i7g 2t s identified as the small
submassive corals'on e reaf slope appears a
patch of dark gree submassive or branching

The high res
in green and br ’
living coral area C

coral.

ce : band. This is one of
the wide reef slipe—in 3 bandg : Eeparated into 2 zones,

branching and sukb

P RS R L

is identifi8l as the massiwa coral on the reef edga and the shore

TSR ANYNa Y

fthe inner reef flat is identified from the horizontal
photograph. It can be separated into two types of substrate, dead
coral and sand. Two dead coral areas are located behind the
northern reef and at the outer reef flat. The area near northern
reef shows bright purple which can be identified as the dead corals
gcatter around. The area near the cuter reef flat shows more brown
green colour pixels which represents the high concentration of dead
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coral. The ground data reveal that this area is composed of the
small dead coral with the sediment on top.

The white colour zone on the reef flat is identified as sand
patch while the small patches of seagrass bed can clearly be seen in
few grey pixels on the western part of Mat Lang Island. The
seagrass beds can be separated into three sites. The first site is
near a small beach of Mat Lang Island. This site is rather small
covering the area of about 7,000 square meters. The second seagrass
bed is located parallel t: ‘ shore on the eastern side of the

gg 1ich covers about 17,000 square
e on the western side of the
7 meters so this bed show
a small group patters agrass patches are located on
a southern reef f£l: s are scattered around in
this area. HoweVer Pagb/dd alground data Seagrass in this area is
distributed in =g ' eact wering the area not more
than 1,000 sgquare @ o 1l seagrass patches cover
the area of abou# 1!

meters. The last
cthers, and covers

Figure 38. The Seagrass Patch at Mat Lang Island.

The inner reef flat of Mat Lang Reef is mostly composed of
sandy substrate. The sand patch which can be seen in white pixel is
located in the southern part close to the tip of Laem Son Cape.



Other interesting pixels are observed in the light green colour
close to Chaweng beach at the middle part of the figure, when
checking with the ground truthing suggest that it is the area
composed of very dense calcareous algae, Halimeda. The bright pink
line along the beach is an error from the process which may be
caused by the disturbance of sand which is blown up by wave action.

The reef morphology at Nan Cape has a similar structure as
Plai Laem Reef but the reef zones are different (Figure 39). Nan

reefs are composed of the das zgrals and sandy areas. A band of
red brown pixels is located 4 ‘ s point of the cape are the
submerged reef edge. IThis reef eufe’ a¢similar to that of northern
Mat Lang reef but it J ' p of green pixels on the
outer reef flat are reef flat is composed of

small lagoon whicH sbeerved, diring the low tide.

The blue cé
This channel is

on map is the channel.
which may be made by
ater reef the channel is

hite spot as the sand
patch in the middlg ; -1'5 £ the channel is in the natural

The ccral arealggfiﬁﬁrr e arated into three zones, the
first =zone i’u ated close - aedge shown as brown and
green pixels N wide band.— *ﬁf‘m% E identified as the

massive and submagsis e, is separated from
the first zone by a channel. In this zone,| it shows the same pixel
colour but they ar& formed in small groups. The last zone close to

Lamai Beac i identified as the
anat aeaaﬁm'il ﬁ?ﬂ

massive coral in
this area a. 0.

el &a»&mwwmmm Iy~

reef starts from Lamai Cape pass Hua Thanon, Set Cape, Bang Kao Bay
to Sor Cape (Figure 40). The reef at Hau Thanon has two exposed
reef edges parallel to the shore. There are two channels, the first
of which is between Lamai Cape and the northern reef edge. This
channel is smaller than the another one which is located between the
two reef edges. The bottom of these channels is sand which is
displayed in blue pixel. Along both sides of these channels are the
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Figure 40. The Multi-Resolution Map of Hau Thanon Bay.
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massive coral areas called spur.

The coral areas on this reef are displayed in blown and dark
green. Near Lamai Cape the living corals are distributed in clump.
In the area outside of the reef edge, the reef front is mixed
between living corals area in the brown and green pixels band
clearly displayed on the image. That area is identified to be very
dense of massive coral.

The inner reef flat
substrate components simi
substrate. A few blue pix over the inner reef flat
which is identified 3 - In the southern part of
inner reef flat the Jlmat isp &8 awelump of bright pixels with

je/ | Com 4.to the pixel demonstrating
the soil on the sHorggfic his 2 t may suggest that there
are anthropogenic \ haps the channel dredging
for boat transportat n this area. Ground
truthing is requisged commendation.

The reef nedr ihe and / * has the small exposed
reef edge displayed fn h%trﬂ? *1 11). This reef edge was
formed in the unprotec ngl{ B na: brown band in front of
that can be observed mnext 118" reef edge. This area is
identified as a high living massive Soral zone.

=

»)

From Na Tidn-€ap

Thanon Reef has the mixing
The dominant is sandy

some brown pixels on_

4 narrow (Figure 41),

the reef flat hat Lxing g coral and dead coral
as the pruduminag substrate: ving cordl can still be found
grawing tngathar brown and green pixels scattered around this

seich; fmgﬁ RIS oy v g

channel whidhl has many dead coral and sand .i.n the bottom. Based on

:::ﬁmamﬁammmﬁw:::

channels along the eastern part of Samui

Although the reef at Bang Kao Bay is wide, the living coral
area is very narrow which rapidly dropes at the reef edge. The reef
slope is very steep in this area. On the reef flat the distinction
between the sand and dead coral is rather clear. The inner reef
flat is composed of sand which ies displayed as white areas while the
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Figure 41.
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The Multi-Resolution Map of Na Tian and Sor Cape.
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outer reef flat which is the dead coral area is presented by the
blue area with some green spots. Some white and brown spots
dispersed from the shore on the reef flat served to represent some
gource of sedimentation from construction.

The end of this image is Sor Cape which has the reef
continuing from Bang Kao Bay (Figure 41). This reef run along the
shore and becomes narrow until it comes towards the shore at the end
of Sor Cape. The inner reef flat is narrow and sandy also with many

small lagoons as indicated b 8l blue within the narrow band of the
white pixels are absent. . Th o f has the reef edge displayed in
dark green pixels. O pound #u ' it is suggested that this
reef edge has some small.sibms In front of this reef
edge the shore prof jor coral found here is
branching coral wit massive corals as coral head mixed
together. NN

There is an f out part of Samui Island

called Hin Ang Wa rom others because of

this reef is the gbral fisland Jor cay (Pigure 42). The island
consists of two 1 : ts. T ne on the left is the
lenger and broader ths e & on the tight. The size of the left

reef flat is 40 meters in ﬁ ers in length while the
size at the reef flat ofi-the smaller, only 10 meters in
width and 30 meters in -EW" 3 tch of purple pixels identified
as a big maaniv:fpzﬂ.‘ loca of £his reef and next to
that the imagery-shows the =zea area.  This Teault suggests that the
reef slope in this .‘

D i

The southern part of this island has the reef flat similar to
the norther £ f168. a of this reef flat is
o T W TS
the area con@iists of dense branching coral, Acropora spp.. The reef
slope is dly separated fxﬁm this reefnedge. Groufid data suggests
e T e e

| v ‘absent in

is bragching coral. Massive corals are is area.

4.2.2 Topographic Image

In this session the Landsat remotely sensed imagery is the
prime source of data for production of topographic map. The basic
method of linking raster data is by planer coordinates, so the image
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High Dense of Small Living Coral (Reef Rim)

Figure 42 . The Multi-Resolution Map of Hin Ang Wang.
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must be rectified first. Using the grid coordination from the
topographic map this imagery map produces with the error 13.2 meters
in X axis and 8.6 meters in Y axis.

SURFER is the program producing the depth raster data.
However, there is a problem with SURFER. If the process starts with
selecting the imagery border and using this size for SURFER, a
program will automatically create the pixel size which is not suited
the imagery pixel size. Thergfare, the obstruction can be run by
producing for the pixel size program same as the size in
microBRIAN, then the ai in SURFER will provide the
area border. This verlapped on the Landsat

image. Using thi 14, 68 w Landsat image cover
Tan Island. The 2 / nt from 1 map put in SURFER and
the program analye€s 3# : h pixels the ASCII file. The

»

depth points as thgfFagfaf datal are 3 to the imagery data
fromithis | c : are separated in two
raphic image and three

The result in _ i be to produce using the depth
theme from the raster dafa, = a with the reef and land theme
which come from, the dfiage an ‘lapped on the image. In the
SURFER process : g the depth contour
and the pointssgfi t \ ome shoreline points
are put in becaus _ nvastigate the true depth
point. This raster data is transformed t8 microBRIAN file, this
file is composed of MicroBRIAN déta as the depth in 1 meter being

o AR T
the depth a in Tan area is : om ter so the vector

data is presented between 0427. mOVRLY.is used to greate five depth

o=q RO T RN AR

classification result is composed of land theme and reef theme
overlaid on the image. This result is the final product (Figure
43).

The depth zone combined with the reef area suggests that the
result gives the essential data to study in the depth factors
controlling the reef type. RAccording to the depth zones, the reefs
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in Tan and Mat Sum Islands can be separated into two parts, the
shallow reef, and the deep reef. The reefs at Mat Sum Island, the
geastern part and southern part of Tan Island are the shallow reefs
located at the 5-9 meters depth. While the reefs in the western and
northeastern parts of Tan Island are the deep reef located in the
10-14 depth zone. Ground data reveal that the reefs in this area
are found to be corresponded to the image processing result. Using
the SCUBA diving and echo sounder from the eastern part of Tan
Island to the western part of Mat Sum Island the depth is less than
10 meters. In the nnrthwestnﬂhﬁé of Mat Sum Island the depth in
this area is only onea_ or two | | “eL8. However the depth from
topographic map was refecded in iﬁ?ﬁ:;éigiﬂ zone may have the sand
patch which changm&—:npi&ly ﬂu théwdnpth in this area may be
different from tha ghteen years ago.

. .-c sy n 1 b mETEE
=R

= 1§ mETRED =4 mTINI

= 14 RETARY

| I ." I.. '!-!- v y | -
Figure 43. ' The Depth and Land Mapped Topographic Image of Tan
BABNLIB goMo ON ¥ orNiw L

¥From the produced map the topographic sea floor in this area

i 1 91 L=

is shown. In the northern part of Tan Island is the Tan channel
which is the deep area connecting Samui and Tan Islands. Since it
is rather an open space without any islands in this direction, the
reef is reponed to the strong current, high wind and wave action.
The survey diver found the strong current coming from west to east,
and the bottom was the steeply rocky shore.
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The shallow basin comes from the eastern site of Tan Island
covering Mat Sum Island. This area is a high sediment zone which is
blown from the bottom, the sediment concentration in which confirms
this conclusion. In the western and southern parts of Tan Island
there is the deep basin with some deep holes so the big reef cannot
form in this part. Only the reef in a semiprotected bay in the
western part of Tan Island can be formed as wider reef.

The reefs in the nhallnw dupt.h zone have the massive type as
‘ he western part of Tan Island
g and massive corals. This
suggestions are confirme . thing in this area.

The depth micrg ; ‘ on processes in itself.
Raster data in t - F e differe d with the reef and

depth result, becayge # Wigh d@a8ta in the land area is provided to
make the topograpl \ ! \process tried to put the
high data togethar ith fhe depfh data. | Hoyever, the result shows
the error in the bherc [ gea area because SURFER
calculates this ared as cuﬂp: et the high inland and the
emerges at the others. . ss inserted only some border
data as the depth pmamx@a @ wonld still be in error because
it needs all borfes point “

Using the digiti
project there is fﬁnlve this problem two
files were made, ma file was a de which was used in the
reef and depth pruq&g the othe 8 the height file used on the

ﬂ‘iJEJ’WlEJWiWEJWﬂ‘i

Using hﬂ height in gal:h p.i.xal the program_ calculated the

s T O B PR s

good pﬂaaantatim because it is hard to notice the depth. m3D was
used to calculate the three dimensions of Tan Island (Figure 44).




Figure 44.
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