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Until now, Indonesia only had a single large-scale bathymetry map (1:250.000) for the
entire nation and detailed maps (1:50.000 or 1:25.000)0 of a few locations. A
straightforward and cost-efficient bathymetry mapping of the Indonesian coral reef is
urgently needed. To address this problem, a simulation-derived was proposed to build a
multispectral bathymetry formula that not required a large measurement data. The proposed
formula was based on Lyzenga Multispectral Bathymetry formula. Thus, a simulation dataset
corresponding to the Indonesian coral reef surface reflectance and Worldview-2 Imagery
spectral response was built to extract a set of coefficients.

The primary objective of this thesis was to develop a practical method to estimate the
water depth of Indonesia coral reef areas that not require an intensive in-situ
measurement. The practical method was based on Lyzenga’ s Multispectral Bathymetry and
applicable for Wolrdview-2 image. In order to achieve an accurate estimation, three
following steps was performed. First, an investigation for the best atmospheric correction
for water depth estimation. Second, an evaluation of Lyzenga’ s Multispectral Bathymetry
under robust optical condition then. Last, build the water depth estimation formula based
on simulated-derived coefficients then test the performance on 10 tested coral reef site
in Indonesia.

Since, the atmospheric noise plays an importance rule for achieving an accurate Satellite
Derived Bathymetry (SDB) map. The first part of this study was comparing the effects of
three common atmospheric correction methods (i.e: 6S based: Second Simulation of a
Satellite Signal in the Solar Spectrum, DOS (Dark Object Subtraction), and Lyzenga et al.
2006) on the accuracy of aLyzengamultispectral bathymetry method using WorldView-2 images
of coral reef sites. It was found that the method using radiative transfer simulation (6S)
had little effect on accuracy, whereas Dark Object Subtraction had no effect whatsoever,
because a homogenous atmosphere was assumed. Pixel-wise correction using near-infrared
bands (Lyzengaet al., 2006) was the only method influencing accuracy, but it significantly
reduced the number of valid pixels. For practical used, this study recommend the usage
of non-correction and Lyzenga et al. 2006 correction method for each target image. Then
a statistical accuracy comparison can be conducted for each image by using
cross—-validation, as in this study.

Before applied Lyzenga’ s multispectral bathvmetry formula as the base of the proposed
formula an evaluation under variable optical conditions, namely, incasesof varyingbottom
types and water quality was done. As the second part of this study, anoiseless WorldView-2
above water remote sensing reflectance dataset over Case-1 shallow coral reef water was
simulated to test the performance of Lyzenga’ s model. The assessment showed that
Lyzenga’ s model performed with good accuracy under varying optical conditions. The
influence of bottom type on the accuracy of depth estimations was far greater than the
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influence of the other optical parameters. Moreover, a leave one cross validation was done
by excluding a bottom type from the fitting then used the excluded bottom type dataset
as tested data. As aresult the Lyzenga’ s formula was able toestimate adepth of an unknown
bottom type. :

Attribute to the good result of Lyzenga’ s model on evaluation test. A set of coefficient
fromsimulated dataset fitting (hear after call as “simulated-derived coefficient” ) was
extracted to build the proposed depth estimation formula. Then, the formula was validated
using real Worldview-2 images from ten shallow coral reef sites. Two pixels with known
depth is needed adjust the intercept of estimated depth. The best accuracy was achieved
in six sites: Panggang Islands, Gili Mantra Islands, Badi Island, Sarappo Keke Island,
Sarappo Lompo, Luwu lulu Islands, and Badi Island. In the shallow areas, the depth
estimation was accurate (RMS error 0.45 - 1. 66 m), but the error gradually increased with
depth. For other sites the formula was failed (RMS error > 2 meter at any depth). This
poor performance might indicate that out zero noise assumption on simulated dataset could
not represent the actual condition. Even the tested image has pass atmospheric and surface
correction but there was an opportunity that some noise still remain. To test this
suspicion, the simulated database was modified by added an additive noise that represent
the some actual condition. Then the same procedure of extraction of set of coefficient
and the application to ten validation sites were also performed. The estimated depth from
noisy assumption formula shows better accuracy with 0.01- 4.94 m improvement but the
accuracy in the deeper areas (> bm still unsatisfactory (RMS error 1.16-10.84 m. In
conclusion, the proposed noisy assumed formula was found to be failed in deeper area but
still useful for minimizing the risk in bathymetry survey especially in hazardous shallow
coral reef (0-5 m. The water depth estimation was accurately RMS error < 1 meter) for
a shallow coral reef area (0-5 m, that cover 45 - 70% of mapping area (depth range f{rom
0 - 25m.
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