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239
Enrico Paringit

sea truth

Our research focuses on the development of coral reflectance models to infer coral morphological
features such as branch density or colony height or thickness based on satellite remote sensing
observation. Eventually, we came up with two models, the first is the geometric-optical model and
the second is the layer type model. For the models to work, the former first assumes adefined cora
morphology (morphotype e.g. tabular, columnar or dome-shaped and branch shape e.g. cylindrical,
plate-like or plainly solid surface) in order to estimate the dimensional characteristics. The latter was
a simplified approach where a coral canopy is considered part of a three-layer system (the other
being atmosphere and water column) which is advantageous because does not need assumptions on
type of cora canopy, it only needs that the coral cover be separated from other benthic cover types.
This is the reason why it was necessary to couple the coral canopy model with a spectral mixture
model which, at the outset, estimates coverage of different benthic habitat types.

With regards to sea truth data, verification of the results were done by comparing the coral
coverage and branch density estimates with that of our own field survey on benthic cover and on
coral species coverage by Kayanne et al. (2002), along five 1km-long (approximate) transects across
the Shiraho reef spaced 300 meters apart. Results of the mixture model indicate that coverage
estimates were within 80% of the figures given by the coral coverage surveys. Branch density

estimates, on the other hand were not available from the field but the type of coral may provide

147



contextua clues. For example, the massive Porites does not have any branches so it will only yield a
branch density estimate equal to 1, meaning it will provide complete coverage but no branches are
detected. When different coral types were plotted against the branch density estimates from coral

canopy reflectance layer-type model, branching corals such as Acropora and Montipora were shown
to have higher densties. Note that the model does not directly compute for the volume density

(m*/m?), rather what is called the facet areaindex, FAI (m? m?).

We hope that the foregoing explanation gave satisfactory answers.

The coral reflectance model was formulated based on the principle of radiative
transfer on layered media with defined scattering and absorption properties. The ability
of light to penetrate through greater depth depends on the inherent optical properties
(IOPs) of the water column and the amount of solar radiation the medium receives and
(re)transmits beginning at the water surface. The IOPs are obtained by quantifying the
presence of optically-active constituents (OACs) in seawater such as suspended
particles, chlorophyll and coloured dissolved organic matter (CDOM). The amount of
solar radiation controls the signal-to-noise ratio, which determines radiometric contrast.
Hence, when one wishes to estimate depth and bottom characteristics using the model,
the amount of OACs must be considered since greater light attenuation inhibits proper
treatment of bottom cover conditions. In the case presented in the paper, the model was
inverted to estimate depths of different benthic cover from satellite imagery, the values
for the OACs were fixed at their common amounts (24 mg/L and 0.5 mg/L for suspended
particle and chlorophyll-a respectively; no data is available for CDOM) at the date and
time of the remote sensing data acquisition while solar radiation is recorded by the
sensor. The limits to which the model can accurately estimate depths are unknown since
the model was tested only at actual depths up to 5 meters with estimates scaling down
to 8 m. As a guide however, upon consideration of the upper limits of the OACs (100
mg/L and 1.0 mg/L), it is possible to estimate depths up to 20 meters where absorption
and scattering in the water column accounts for the 12% of the total amount reflected to
the sensor, beyond these levels, evaluation of bottom conditions may no longer be
tenable.

We hope that the foregoing explanation gave satisfactory answers

148



240

creek swamp
— — swamp
Stn.C-3 200m
m swamp swamp
swamp swamp
creek
pp-416-420 2002
creek 2m
241
swamp creek
creek creek

149



242

swamp

swamp

swamp

243

reef creek

150

swamp

swamp

Sd@)Sd0

5@/ 50



. PON
140mgN  m?

102mgN  m? day

245

( )
3 ( )

20m
50 0 40cm/s
5 8cm/s, 4cm/s
50% 3
54 13 75U m
10% 80%

151



S54  S63

11 13
50%

246

60

152

60



247

TEA ?

€y

153



&)
@
Particulate) (Dissolved)
¢)
Diffusive Boundary
layer DBL, Viscous sublayer

DBL

Viscous sublayer Logarithmic layer

Irrigation

(©s)

154



FBP

0 5mm

FBP/TPM=0.03

(12

cm OP
SBP 100
Polymer TPM=FBP+SBP+GPM
FBP/TPM=0.31 SBP/TPM=0.13 GPM/TPM=0.56 0 5cm
SBP/TPM=0.05 GPM/TPM=0.92
FBP,SBP,GPM, BMM, GMM FBP,SBP,GPM, BMM, GMM N/C
DOC,DON, POC,PON
FBP,SBP,GPM, BMM, GMM
POM) FBP,SBP,GPM)
FBP, SBP,GPM)
(1)Dg=Dg"=0, (2) ©)
POC PON DOC DON 6) (v
FBP,SBP,GPM FBP,SBP,GPM

w=0.3cm/year)

248

155

POM

(12)



1995 8 1996 7

249

Chl-a

0.02mg/1 Chl-a

156



250

251

ARPS

ARPS

0(off)-1(on)

ARPS

157



252

psu

psu

WhiteCap

158

production

ml/m?



production

WhiteCap

.production

254

12

CoD

159

WhiteCap



CoD
12 13

10m

255

256

CoD

160

CoD

3)

D

2)



MPS

MPS

257

258

161



162



)

259

260

163

MAX0.6



12

261

0.5mm

10

164

12

0.02mm



12

12
1
10

262

COD Flux
263

11 1998 7 9 1997
1996

165



11

264

KC
KC

) )

166



(1998 2002) 300 /i

265

167

30%



266

269

168

10



Roughness roughness

roughness
roughness
270
p-1349 NCEP
1958
NCEP 1958
1948 51 1958 41

169



NCEP

271
SA SA
SA
SA
1998
2002
1969

SA

170

SA

SA

TP

SA

SA



JobC

272

171



273

275

71

172

30

2002

7

43



276

11

278

10

11
12

173

18

12



1500

281

1.5

(

)

0.3 ,

150 210

174



282

175

19

18



284

290

176



or

€y
&)

292

OBEIS

295

177



Rahman Hidayat
Semen Tuban

Suspension

£

Mud

296

178



Camp 1943
G (Y %*Y %ty 2™?
G G

—+— — +—T 00—+ —=

_ u v ('_)'2 Ay Tw 3 Aw  Tu o
G=  *G ¢ -
\/ " g ez Txg e Tzo

u,Vv,w X, Y, Z
2000
G
O i’
&
0.965
(1967)
Z 0.965

0.965

179



(1978)
80

297

18

300

50

p.1482

180

10

50

(1982)



p.1497

,1989 ,1990
,1998 ,1999
ADCP 10cm

10cm

ADCP

1200kHz ADCP
Bottom track
lcm
10cm
ADCP Bottom track
0.1m/s
1kt
p.1499

181



301

1974

302

SeaMark

182



304

S/N

2001

-6 S/N

183



m/s Reichert 1998

2001

305

20m

20m

306

Tm/s

0.05Hz

184

3cm

0.2m



CT

1527 (7

4 88 € mpe . npn_. mpx . nph [@n® n? @
G x,h)= n sin xsin sin —
(xy ) pzabgl%é& a b a b a’ b2:u

A/D bit
2)
A/D

CT
CT

10

307

185



WATCH SYSTEM)

308

20Hz

1/10000

CATV

1/100 100G 20Hz
100
17100
1G

186

(nomi BAY

Bsec



187



